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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA DOCUMENTS

NOTICE AND DISCLAIMER OF LIABILITY CONCERNING THE USE OF NFPA DOCUMENTS

NFPA codes, standards, recommended practices, and guides, of which the document contained herein is one, are de-
veloped through a consensus standards development process approved by the American National Standards Institute.
This process brings together volunteers representing varied viewpoints and interests to achieve consensus on fire and
other safety issues. While the NFPA administers the process and establishes rules to promote fairness in the develop-
ment of consensus, it does not independently test, evaluate, or verify the accuracy of any information or the soundness
of any judgments contained in its codes and standards.

The NFPA disclaims liability for any personal injury, property or other damages of any nature whatsoever, whether
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this document. The NFPA also makes no guaranty or warranty as to the accuracy or completeness of any information
published herein.

In issuing and making this document available, the NFPA is not undertaking to render professional or other services
for or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any person or entity
to someone else. Anyone using this document should rely on his or her own independent judgment or, as appropriate,
seek the advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of this document.
Nor does the NFPA list, certify, test or inspect products, designs, or installations for compliance with this document.
Any certification or other statement of compliance with the requirements of this document shall not be attributable to
the NFPA and is solely the responsibility of the certifier or maker of the statement.



ADDITIONAL NOTICES AND DISCLAIMERS

Updating of NFPA Documents

Users of NFPA codes, standards, recommended practices, and guides should be aware that
these documents may be superseded at any time by the issuance of new editions or may be
amended from time to time through the issuance of Tentative Interim Amendments. An offi-
cial NFPA document at any point in time consists of the current edition of the document
together with any Tentative Interim Amendments and any Errata then in effect. In order to
determine whether a given document is the current edition and whether it has been amended
through the issuance of Tentative Interim Amendments or corrected through the issuance of
Errata, consult appropriate NFPA publications such as the National Fire Codes® Subscription
Service, visit the NFPA website at www.nfpa.org, or contact the NFPA at the address listed
below.

Interpretations of NFPA Documents

A statement, written or oral, that is not processed in accordance with Section 6 of the Reg-
ulations Governing Committee Projects shall not be considered the official position of NFPA
or any of its Committees and shall not be considered to be, nor be relied upon as, a Formal
Interpretation.

Patents

The NFPA does not take any position with respect to the validity of any patent rights
asserted in connection with any items which are mentioned in or are the subject of NFPA
codes, standards, recommended practices, and guides, and the NFPA disclaims liability for
the infringement of any patent resulting from the use of or reliance on these documents.
Users of these documents are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

NFPA adheres to applicable policies of the American National Standards Institute with
respect to patents. For further information contact the NFPA at the address listed below.

Law and Regulations

Users of these documents should consult applicable federal, state, and local laws and reg-
ulations. NFPA does not, by the publication of its codes, standards, recommended practices,
and guides, intend to urge action that is not in compliance with applicable laws, and these
documents may not be construed as doing so.

Copyrights

This document is copyrighted by the NFPA. It is made available for a wide variety of both
public and private uses. These include both use, by reference, in laws and regulations, and
use in private self-regulation, standardization, and the promotion of safe practices and
methods. By making this document available for use and adoption by public authorities and
private users, the NFPA does not waive any rights in copyright to this document.

Use of NFPA documents for regulatory purposes should be accomplished through adop-
tion by reference. The term “adoption by reference” means the citing of title, edition, and
publishing information only. Any deletions, additions, and changes desired by the adopting
authority should be noted separately in the adopting instrument. In order to assist NFPA in
following the uses made of its documents, adopting authorities are requested to notify the
NFPA (Attention: Secretary, Standards Council) in writing of such use. For technical assis-
tance and questions concerning adoption of NFPA documents, contact NFPA at the address
below.

For Further Information

All questions or other communications relating to NFPA codes, standards, recommended
practices, and guides and all requests for information on NFPA procedures governing its
codes and standards development process, including information on the procedures for
requesting Formal Interpretations, for proposing Tentative Interim Amendments, and for
proposing revisions to NFPA documents during regular revision cycles, should be sent to
NFPA headquarters, addressed to the attention of the Secretary, Standards Council, NFPA,
1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101.

For more information about NFPA, visit the NFPA website at www.nfpa.org.
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NFPA 70A

National Electrical Code� Requirements for One- and Two-Family Dwellings

2005 Edition

Excerpted from the 2005 National Electrical Code� NFPA 70–2005

Preface

This 2005 edition of NFPA 70A is a compilation of electrical provisions for one- and two-
family dwellings. The provisions assembled in this compilation have been extracted directly from
the 2005 edition of NFPA 70, National Electrical Code� (NEC�), and have been editorially revised
only where necessary to limit their application to one- and two-family dwellings. This compilation
has been reviewed and approved by the National Electrical Code Committee through its Technical
Correlating Committee. It is being provided for the convenience of inspectors, contractors, builders,
and others who are primarily interested in only those NEC rules that apply to one- and two-family
dwellings.

Only those wiring methods and materials commonly encountered in new construction at one-
and two-family dwellings are included in NFPA 70A. In like manner, only current ratings up to
and including 400 amperes (based on Table 310.15(B)(6)) and voltages up to and including 600
volts are covered in NFPA 70A. It is the intent that the rules covering wiring methods, any materials,
or any type of equipment, such as motors, not specifically included in this document are to be
covered by the applicable rules in the 2005 edition of the National Electrical Code.

Where a reference is made to an article or section not included in NFPA 70A, such as to
Article 430 or 430.52, the reference is to that article or section as it appears in the 2005 edition
of the National Electrical Code.

The numbering system for articles and sections of the 2005 edition of the National Electrical
Code has been preserved in NFPA 70A, so that provisions in NFPA 70A bear the same numerical
designation as they have in the NEC. The user of NFPA 70A should be aware, therefore, that there
are gaps in the numerical sequence of provisions in NFPA 70A, and that these gaps are a natural
consequence of the fact that NFPA 70A contains only selected provisions of the NEC.

This edition of NFPA 70A has been reviewed by the NEC Technical Correlating Committee,
and the committee has determined, by way of an affirmative letter ballot, that the extracting and
editorial revision of NEC text included in NFPA 70A has been achieved without altering the
technical intent of the 2005 edition of the National Electrical Code.

As the 2005 edition of the National Electrical Code is the parent document for the extracted
text contained in NFPA 70A, any request for a formal interpretation of any text in NFPA 70A will
be processed in accordance with the NFPA Regulations Governing Committee Projects as a formal
interpretation of the 2005 edition of the National Electrical Code.

Prior to this 2005 edition, the most recent previous edition of NFPA 70A was the 2002
edition.
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70A–1ARTICLE 90 — INTRODUCTION

protection against overcurrent, protection against fault cur-NFPA 70A
rents, and protection against overvoltage. All of these poten-
tial hazards are addressed by the requirements in this Code.National Electrical Code� Requirements

for One- and Two-Family Dwellings 90.2 Scope.

(A) Covered. This Code covers only those wiring methods2005 Edition
and materials most commonly encountered in new construc-
tion at one- and two-family dwellings.

(B) Not Covered.IMPORTANT NOTE: This NFPA document is made
available for use subject to important notices and legal dis-

(1) This Code does not contain all of the rules necessaryclaimers. These notices and disclaimers appear in all publi-
to cover mobile homes and manufactured homes, recre-cations containing this document and may be found under
ational vehicles, park trailers, floating dwelling units,the heading ‘‘Important Notices and Disclaimers Concern-
buildings containing more than two dwelling units oring NFPA Documents.’’ They can also be obtained on re-
buildings used for other than dwelling purposes. Forquest from NFPA or viewed at www.nfpa.org/disclaimers.
those installations, the 2005 National Electrical CodeThroughout this document the term ‘‘this Code’’ refers
(NFPA 70-2005) shall apply.to the compilation of requirements for electrical installations

in one- and two-family dwelling units contained therein that (5) This Code does not cover installations under the exclu-
have been extracted from NFPA 70-2005, National Electrical sive control of an electric utility where such installations
Code� (NEC�). a. Consist of service drops or service laterals, and asso-

ciated metering, or
b. Are located in legally established easements, rights-

ARTICLE 90 of-way, or by other agreements either designated by
or recognized by public service commissions, utilityIntroduction
commissions, or other regulatory agencies having
jurisdiction for such installations, or

c. Are on property owned or leased by the electric utility90.1 Purpose.
for the purpose of communications, metering, genera-(A) Practical Safeguarding. The purpose of the NEC is the
tion, control, transformation, transmission, or distri-practical safeguarding of persons and property from hazards
bution of electric energy.arising from the use of electricity.

FPN to (5): Examples of utilities may include those entities(B) Adequacy. This Code contains provisions that are con-
that are typically designated or recognized by governmental

sidered necessary for safety. Compliance therewith and law or regulation by public service/utility commissions and
proper maintenance results in an installation that is essen- that install, operate, and maintain electric supply (such as

generation, transmission, or distribution systems) or commu-tially free from hazard but not necessarily efficient, conve-
nication systems (such as telephone, CATV, Internet, satel-nient, or adequate for good service or future expansion of
lite, or data services). Utilities may be subject to complianceelectrical use.
with codes and standards covering their regulated activities

FPN: Hazards often occur because of overloading of wiring as adopted under governmental law or regulation. Additional
systems by methods or usage not in conformity with this information can be found through consultation with the ap-
Code. This occurs because initial wiring did not provide propriate governmental bodies, such as state regulatory com-
for increases in the use of electricity. An initial adequate missions, Federal Energy Regulatory Commission, and
installation and reasonable provisions for system changes Federal Communications Commission.
provide for future increases in the use of electricity.

(C) Special Permission. The authority having jurisdiction
(C) Intention. This Code is not intended as a design speci- for enforcing this Code may grant exception for the installa-
fication or an instruction manual for untrained persons. tion of conductors and equipment that are not under the

exclusive control of the electric utilities and are used to(D) Relation to Other International Standards. The re-
connect the electric utility supply system to the service-quirements in this Code address the fundamental principles
entrance conductors of the premises served, provided suchof protection for safety contained in Section 131 of Interna-
installations are outside a building or terminate immediatelytional Electrotechnical Commission Standard 60364-1, Elec-
inside a building wall.trical Installations of Buildings.

FPN: IEC 60364-1, Section 131, contains fundamental prin-
90.3 Code Arrangement. This Code is divided into theciples of protection for safety that encompass protection

against electric shock, protection against thermal effects, introduction and nine chapters, as shown in Figure 90.3.
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70A–2 ARTICLE 90 — INTRODUCTION

als that comply with the most recent previous edition of this
Code adopted by the jurisdiction.

90.5 Mandatory Rules, Permissive Rules, and Explana-
tory Material.

(A) Mandatory Rules. Mandatory rules of this Code are
those that identify actions that are specifically required or
prohibited and are characterized by the use of the terms
shall or shall not.

(B) Permissive Rules. Permissive rules of this Code are
those that identify actions that are allowed but not required,
are normally used to describe options or alternative methods,
and are characterized by the use of the terms shall be permit-
ted or shall not be required.

(C) Explanatory Material. Explanatory material, such as
references to other standards, references to related sections of
this Code, or information related to a Code rule, is included in

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

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.

Annex C, Annex D, and Annex G

this Code in the form of fine print notes (FPNs). Fine print
Figure 90.3 Code Arrangement. notes are informational only and are not enforceable as re-

quirements of this Code.
Brackets containing section references to another NFPAChapters 1, 2, 3, and 4 apply generally; Chapters 5, 6, and

document are for informational purposes only and are pro-7 apply to special occupancies, special equipment, or other
vided as a guide to indicate the source of the extracted text.special conditions. These latter chapters supplement or mod-
These bracketed references immediately follow the extractedify the general rules. Chapters 1 through 4 apply except as
text.amended by Chapters 5, 6, and 7 for the particular conditions.

Chapter 8 covers communications systems and is not FPN: The format and language used in this Code follows
subject to the requirements of Chapters 1 through 7 except guidelines established by NFPA and published in the NEC

Style Manual. Copies of this manual can be obtained fromwhere the requirements are specifically referenced in Chap-
NFPA.ter 8.

Chapter 9 consists of tables.
(D) Application of the NEC. It is recognized that thereAnnexes are not part of the requirements of this Code
may be portions of an installation in a one- or two-familybut are included for informational purposes only.
dwelling that are not covered by this Code. In those installa-
tions, the requirements of the 2005 National Electrical Code90.4 Enforcement. This Code is intended to be suitable for
(NFPA 70-2005) shall apply. If there is a technical differencemandatory application by governmental bodies that exercise
between the requirements of this Code and the requirementslegal jurisdiction over electrical installations, including sig-
contained in the 2005 National Electrical Code (NFPA 70-naling and communications systems, and for use by insur-
2005), the requirements of NFPA 70-2005 shall apply.ance inspectors. The authority having jurisdiction for

Other wiring methods, materials, and subject matterenforcement of the Code has the responsibility for making
covered in the 2005 National Electrical Code (NFPA 70-interpretations of the rules, for deciding on the approval
2005) are also recognized by this Code.of equipment and materials, and for granting the special

permission contemplated in a number of the rules.
90.6 Formal Interpretations. To promote uniformity ofBy special permission, the authority having jurisdiction

may waive specific requirements in this Code or permit interpretation and application of the provisions of this Code,
formal interpretation procedures have been established andalternative methods where it is assured that equivalent objec-

tives can be achieved by establishing and maintaining effec- are found in the NFPA Regulations Governing Committee
Projects. The technical requirements of this Code are ex-tive safety.

This Code may require new products, constructions, or tracted from the 2005 National Electrical Code (NFPA 70-
2005). Requests for formal interpretations of this Code shallmaterials that may not yet be available at the time the Code

is adopted. In such event, the authority having jurisdiction be processed based on the requirements contained in the
2005 National Electrical Code (NFPA 70-2005).may permit the use of the products, constructions, or materi-
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70A–3ARTICLE 90 — INTRODUCTION

90.7 Examination of Equipment for Safety. For specific with the modernized metric system known as the Interna-
tional System of Units (SI).items of equipment and materials referred to in this Code,

examinations for safety made under standard conditions pro-
(B) Dual System of Units. SI units shall appear first, andvide a basis for approval where the record is made generally
inch-pound units shall immediately follow in parentheses.available through promulgation by organizations properly
Conversion from inch-pound units to SI units shall be basedequipped and qualified for experimental testing, inspections
on hard conversion except as provided in 90.9(C).of the run of goods at factories, and service-value determina-

tion through field inspections. This avoids the necessity for
(C) Permitted Uses of Soft Conversion. The cases given

repetition of examinations by different examiners, frequently
in 90.9(C)(1) through (C)(4) shall not be required to use hard

with inadequate facilities for such work, and the confusion
conversion and shall be permitted to use soft conversion.

that would result from conflicting reports on the suitability
of devices and materials examined for a given purpose. (1) Trade Sizes. Where the actual measured size of a prod-

It is the intent of this Code that factory-installed internal uct is not the same as the nominal size, trade size designators
wiring or the construction of equipment need not be in- shall be used rather than dimensions. Trade practices shall
spected at the time of installation of the equipment, except be followed in all cases.
to detect alterations or damage, if the equipment has been
listed by a qualified electrical testing laboratory that is recog- (2) Extracted Material. Where material is extracted from
nized as having the facilities described in the preceding another standard, the context of the original material shall
paragraph and that requires suitability for installation in not be compromised or violated. Any editing of the extracted
accordance with this Code. text shall be confined to making the style consistent with

that of the NEC.FPN No. 1: See requirements in 110.3.

(3) Industry Practice. Where industry practice is to ex-FPN No. 2: Listed is defined in Article 100.
press units in inch-pound units, the inclusion of SI units

FPN No. 3: Annex A in the NEC contains an informative
shall not be required.list of product safety standards for electrical equipment.

(4) Safety. Where a negative impact on safety would result,90.8 Wiring Planning.
soft conversion shall be used.

(A) Future Expansion and Convenience. Plans and speci-
(D) Compliance. Conversion from inch-pound units to SIfications that provide ample space in raceways, spare race-
units shall be permitted to be an approximate conversion.ways, and additional spaces allow for future increases in
Compliance with the numbers shown in either the SI systemelectric power and communication circuits. Distribution cen-
or the inch-pound system shall constitute compliance withters located in readily accessible locations provide conve-
this Code.nience and safety of operation.

(B) Number of Circuits in Enclosures. It is elsewhere FPN No. 1: Hard conversion is considered a change in
dimensions or properties of an item into new sizes that mightprovided in this Code that the number of wires and circuits
or might not be interchangeable with the sizes used in theconfined in a single enclosure be varyingly restricted. Lim-
original measurement. Soft conversion is considered a direct

iting the number of circuits in a single enclosure minimizes mathematical conversion and involves a change in the de-
the effects from a short circuit or ground fault in one circuit. scription of an existing measurement but not in the actual

dimension.
90.9 Units of Measurement.

FPN No. 2: SI conversions are based on IEEE/ASTM SI
(A) Measurement System of Preference. For the purpose 10-1997, Standard for the Use of the International System

of Units (SI): The Modern Metric System.of this Code, metric units of measurement are in accordance
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Chapter 1 General

approval agencies vary, as do their responsibilities. Where
public safety is primary, the AHJ may be a federal, state,ARTICLE 100
local, or other regional department or individual such as a

Definitions fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official;
electrical inspector; or others having statutory authority. For
insurance purposes, an insurance inspection department, rat-

Scope. This article contains only those definitions essential ing bureau, or other insurance company representative may
to the proper application of this Code. It is not intended be the AHJ. In many circumstances, the property owner or

his or her designated agent assumes the role of the AHJ; atto include commonly defined general terms or commonly
government installations, the commanding officer or depart-defined technical terms from related codes and standards.
mental official may be the AHJ.In general, only those terms that are used in two or more

articles are defined in Article 100. Other definitions are Automatic. Self-acting, operating by its own mechanism
included in the article in which they are used but may be when actuated by some impersonal influence, as, for exam-
referenced in Article 100. ple, a change in current, pressure, temperature, or mechanical

configuration.

I. General Bathroom. An area including a basin with one or more of
the following: a toilet, a tub, or a shower.

Accessible (as applied to equipment). Admitting close ap-
Bonding (Bonded). The permanent joining of metallic partsproach; not guarded by locked doors, elevation, or other
to form an electrically conductive path that ensures electricaleffective means.
continuity and the capacity to conduct safely any current

Accessible (as applied to wiring methods). Capable of likely to be imposed.
being removed or exposed without damaging the building

Bonding Jumper. A reliable conductor to ensure the re-structure or finish or not permanently closed in by the struc-
quired electrical conductivity between metal parts requiredture or finish of the building.
to be electrically connected.

Accessible, Readily (Readily Accessible). Capable of
Bonding Jumper, Equipment. The connection betweenbeing reached quickly for operation, renewal, or inspections
two or more portions of the equipment grounding conductor.without requiring those to whom ready access is requisite

to climb over or remove obstacles or to resort to portable Bonding Jumper, Main. The connection between the
ladders, and so forth. grounded circuit conductor and the equipment grounding

conductor at the service.Ampacity. The current, in amperes, that a conductor can
carry continuously under the conditions of use without ex- Branch Circuit. The circuit conductors between the final
ceeding its temperature rating. overcurrent device protecting the circuit and the outlet(s).
Appliance. Utilization equipment, generally other than in- Branch Circuit, Appliance. A branch circuit that supplies
dustrial, that is normally built in standardized sizes or types energy to one or more outlets to which appliances are to be
and is installed or connected as a unit to perform one or connected and that has no permanently connected luminaires
more functions such as clothes washing, air conditioning, (lighting fixtures) that are not a part of an appliance.
food mixing, deep frying, and so forth.

Branch Circuit, General-Purpose. A branch circuit that
Approved. Acceptable to the authority having jurisdiction. supplies two or more receptacles or outlets for lighting and

appliances.Attachment Plug (Plug Cap) (Plug). A device that, by
insertion in a receptacle, establishes a connection between Branch Circuit, Individual. A branch circuit that supplies
the conductors of the attached flexible cord and the conduc- only one utilization equipment.
tors connected permanently to the receptacle.

Branch Circuit, Multiwire. A branch circuit that consists
Authority Having Jurisdiction (AHJ). The organization, of two or more ungrounded conductors that have a voltage
office, or individual responsible for approving equipment, between them, and a grounded conductor that has equal
materials, an installation, or a procedure. voltage between it and each ungrounded conductor of the

circuit and that is connected to the neutral or groundedFPN: The phrase ‘‘authority having jurisdiction’’ is used in
NFPA documents in a broad manner, since jurisdictions and conductor of the system.
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Building. A structure that stands alone or that is cut off Boxes such as FS and FD or larger cast or sheet metal
boxes are not classified as conduit bodies.from adjoining structures by fire walls with all openings

therein protected by approved fire doors.
Connector, Pressure (Solderless). A device that estab-
lishes a connection between two or more conductors orCabinet. An enclosure that is designed for either surface
between one or more conductors and a terminal by meansmounting or flush mounting and is provided with a frame,
of mechanical pressure and without the use of solder.mat, or trim in which a swinging door or doors are or can

be hung.
Continuous Load. A load where the maximum current is
expected to continue for 3 hours or more.Circuit Breaker. A device designed to open and close a

circuit by nonautomatic means and to open the circuit auto-
Cooking Unit, Counter-Mounted. A cooking appliancematically on a predetermined overcurrent without damage
designed for mounting in or on a counter and consisting ofto itself when properly applied within its rating.
one or more heating elements, internal wiring, and built-in
or mountable controls.FPN: The automatic opening means can be integral, direct

acting with the circuit breaker, or remote from the circuit
Copper-Clad Aluminum Conductors. Conductors drawnbreaker.
from a copper-clad aluminum rod with the copper metallurgi-

Adjustable (as applied to circuit breakers). A qualifying cally bonded to an aluminum core. The copper forms a
term indicating that the circuit breaker can be set to trip at minimum of 10 percent of the cross-sectional area of a solid
various values of current, time, or both, within a predeter- conductor or each strand of a stranded conductor.
mined range.

Cutout Box. An enclosure designed for surface mounting
Instantaneous Trip (as applied to circuit breakers). A quali- that has swinging doors or covers secured directly to and
fying term indicating that no delay is purposely introduced telescoping with the walls of the box proper.
in the tripping action of the circuit breaker.

Dead Front. Without live parts exposed to a person on the
Inverse Time (as applied to circuit breakers). A qualifying operating side of the equipment.
term indicating that there is purposely introduced a delay in

Demand Factor. The ratio of the maximum demand of athe tripping action of the circuit breaker, which delay de-
system, or part of a system, to the total connected load ofcreases as the magnitude of the current increases.
a system or the part of the system under consideration.

Nonadjustable (as applied to circuit breakers). A qualifying
Device. A unit of an electrical system that is intended toterm indicating that the circuit breaker does not have any
carry or control but not utilize electric energy.adjustment to alter the value of current at which it will trip

or the time required for its operation. Disconnecting Means. A device, or group of devices, or
other means by which the conductors of a circuit can beSetting (of circuit breakers). The value of current, time, or
disconnected from their source of supply.both, at which an adjustable circuit breaker is set to trip.

Dusttight. Constructed so that dust will not enter the enclos-Concealed. Rendered inaccessible by the structure or finish
ing case under specified test conditions.of the building. Wires in concealed raceways are considered

concealed, even though they may become accessible by Duty, Continuous. Operation at a substantially constant
withdrawing them. load for an indefinitely long time.
Conductor, Bare. A conductor having no covering or elec- Duty, Intermittent. Operation for alternate intervals of (1)
trical insulation whatsoever. load and no load; or (2) load and rest; or (3) load, no load,

and rest.Conductor, Covered. A conductor encased within material
of composition or thickness that is not recognized by this Duty, Periodic. Intermittent operation in which the load
Code as electrical insulation. conditions are regularly recurrent.
Conductor, Insulated. A conductor encased within mate- Duty, Short-Time. Operation at a substantially constant
rial of composition and thickness that is recognized by this load for a short and definite, specified time.
Code as electrical insulation.

Duty, Varying. Operation at loads, and for intervals of time,
Conduit Body. A separate portion of a conduit or tubing both of which may be subject to wide variation.
system that provides access through a removable cover(s)
to the interior of the system at a junction of two or more Dwelling Unit. A single unit, providing complete and inde-

pendent living facilities for one or more persons, includingsections of the system or at a terminal point of the system.
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FPN: For commercial garages, repair and storage, see Arti-permanent provisions for living, sleeping, cooking, and sani-
cle 511 in the NEC.tation.

Ground. A conducting connection, whether intentional orDwelling, One-Family. A building that consists solely of
accidental, between an electrical circuit or equipment andone dwelling unit.
the earth or to some conducting body that serves in place

Dwelling, Two-Family. A building that consists solely of of the earth.
two dwelling units.

Grounded. Connected to earth or to some conducting body
Dwelling, Multifamily. A building that contains three or that serves in place of the earth.
more dwelling units.

Grounded, Effectively. Intentionally connected to earthElectric Sign. A fixed, stationary, or portable self-con-
through a ground connection or connections of sufficientlytained, electrically illuminated utilization equipment with
low impedance and having sufficient current-carrying capac-words or symbols designed to convey information or attract
ity to prevent the buildup of voltages that may result inattention.
undue hazards to connected equipment or to persons.

Enclosed. Surrounded by a case, housing, fence, or wall(s)
Grounded, Solidly. Connected to ground without insertingthat prevents persons from accidentally contacting energized
any resistor or impedance device.parts.

Grounded Conductor. A system or circuit conductor thatEnclosure. The case or housing of apparatus, or the fence
is intentionally grounded.or walls surrounding an installation to prevent personnel

from accidentally contacting energized parts or to protect Ground-Fault Circuit Interrupter (GFCI). A device in-
the equipment from physical damage. tended for the protection of personnel that functions to de-

energize a circuit or portion thereof within an establishedFPN: See Table 430.91 in the NEC for examples of enclo-
sure types. period of time when a current to ground exceeds the values

established for a Class A device.Energized. Electrically connected to, or is, a source of volt-
age. FPN: Class A ground-fault circuit interrupters trip when the

current to ground has a value in the range of 4 mA to 6Equipment. A general term including material, fittings, de-
mA. For further information, see UL 943, Standard for

vices, appliances, luminaires (fixtures), apparatus, and the Ground-Fault Circuit Interrupters.
like used as a part of, or in connection with, an electrical

Ground-Fault Protection of Equipment. A system in-installation.
tended to provide protection of equipment from damaging

Exposed (as applied to live parts). Capable of being inad- line-to-ground fault currents by operating to cause a discon-
vertently touched or approached nearer than a safe distance necting means to open all ungrounded conductors of the
by a person. It is applied to parts that are not suitably guarded, faulted circuit. This protection is provided at current levels
isolated, or insulated. less than those required to protect conductors from damage

through the operation of a supply circuit overcurrent device.Exposed (as applied to wiring methods). On or attached
to the surface or behind panels designed to allow access.

Grounding Conductor. A conductor used to connect equip-
Externally Operable. Capable of being operated without ment or the grounded circuit of a wiring system to a ground-
exposing the operator to contact with live parts. ing electrode or electrodes.

Feeder. All circuit conductors between the service equip- Grounding Conductor, Equipment. The conductor used
ment, the source of a separately derived system, or other to connect the non–current-carrying metal parts of equip-
power supply source and the final branch-circuit overcurrent ment, raceways, and other enclosures to the system grounded
device. conductor, the grounding electrode conductor, or both, at

the service equipment or at the source of a separately derivedFestoon Lighting. A string of outdoor lights that is sus-
system.pended between two points.

Grounding Electrode. A device that establishes an electri-Fitting. An accessory such as a locknut, bushing, or other
cal connection to the earth.part of a wiring system that is intended primarily to perform

a mechanical rather than an electrical function. Grounding Electrode Conductor. The conductor used to
connect the grounding electrode(s) to the equipment ground-Garage. A building or portion of a building in which one

or more self-propelled vehicles can be kept for use, sale, ing conductor, to the grounded conductor, or to both, at the
service, at each building or structure where supplied by astorage, rental, repair, exhibition, or demonstration purposes.
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feeder(s) or branch circuit(s), or at the source of a separately production of listed equipment or materials or periodic eval-
uation of services, and whose listing states that the equip-derived system.
ment, material, or services either meets appropriate

Guarded. Covered, shielded, fenced, enclosed, or other- designated standards or has been tested and found suitable
wise protected by means of suitable covers, casings, barriers, for a specified purpose.
rails, screens, mats, or platforms to remove the likelihood

FPN: The means for identifying listed equipment may varyof approach or contact by persons or objects to a point of
for each organization concerned with product evaluation,danger.
some of which do not recognize equipment as listed unless
it is also labeled. Use of the system employed by the listingHandhole Enclosure. An enclosure identified for use in
organization allows the authority having jurisdiction to iden-underground systems, provided with an open or closed bot-
tify a listed product.tom, and sized to allow personnel to reach into, but not

enter, for the purpose of installing, operating, or maintaining Live Parts. Energized conductive components.
equipment or wiring or both.

Location, Damp. Locations protected from weather and
Identified (as applied to equipment). Recognizable as not subject to saturation with water or other liquids but
suitable for the specific purpose, function, use, environment, subject to moderate degrees of moisture. Examples of such
application, and so forth, where described in a particular locations include partially protected locations under cano-
Code requirement. pies, marquees, roofed open porches, and like locations, and

interior locations subject to moderate degrees of moisture,
FPN: Some examples of ways to determine suitability of such as some basements, some barns, and some cold-storageequipment for a specific purpose, environment, or applica-

warehouses.tion include investigations by a qualified testing laboratory
(listing and labeling), an inspection agency, or other organi- Location, Dry. A location not normally subject to dampnesszations concerned with product evaluation.

or wetness. A location classified as dry may be temporarily
In Sight From (Within Sight From, Within Sight). Where subject to dampness or wetness, as in the case of a building
this Code specifies that one equipment shall be ‘‘in sight under construction.
from,’’ ‘‘within sight from,’’ or ‘‘within sight,’’ and so forth,

Location, Wet. Installations under ground or in concreteof another equipment, the specified equipment is to be visible
slabs or masonry in direct contact with the earth; in locationsand not more than 15 m (50 ft) distant from the other.
subject to saturation with water or other liquids, such as
vehicle washing areas; and in unprotected locations exposedInterrupting Rating. The highest current at rated voltage
to weather.that a device is intended to interrupt under standard test

conditions.
Luminaire. A complete lighting unit consisting of a lamp
or lamps together with the parts designed to distribute theFPN: Equipment intended to interrupt current at other than

fault levels may have its interrupting rating implied in other light, to position and protect the lamps and ballast (where
ratings, such as horsepower or locked rotor current. applicable), and to connect the lamps to the power supply.

Isolated (as applied to location). Not readily accessible to Multioutlet Assembly. A type of surface, flush, or free-
persons unless special means for access are used. standing raceway designed to hold conductors and recepta-

cles, assembled in the field or at the factory.Labeled. Equipment or materials to which has been
attached a label, symbol, or other identifying mark of an Outlet. A point on the wiring system at which current is
organization that is acceptable to the authority having juris- taken to supply utilization equipment.
diction and concerned with product evaluation, that main-

Overcurrent. Any current in excess of the rated current oftains periodic inspection of production of labeled equipment
equipment or the ampacity of a conductor. It may resultor materials, and by whose labeling the manufacturer indi-
from overload, short circuit, or ground fault.cates compliance with appropriate standards or performance

in a specified manner. FPN: A current in excess of rating may be accommodated
by certain equipment and conductors for a given set of

Lighting Outlet. An outlet intended for the direct connec- conditions. Therefore, the rules for overcurrent protection
tion of a lampholder, a luminaire (lighting fixture), or a are specific for particular situations.
pendant cord terminating in a lampholder.

Overload. Operation of equipment in excess of normal,
full-load rating, or of a conductor in excess of rated ampacityListed. Equipment, materials, or services included in a list

published by an organization that is acceptable to the author- that, when it persists for a sufficient length of time, would
cause damage or dangerous overheating. A fault, such as aity having jurisdiction and concerned with evaluation of

products or services, that maintains periodic inspection of short circuit or ground fault, is not an overload.
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Receptacle. A receptacle is a contact device installed at thePanelboard. A single panel or group of panel units designed
for assembly in the form of a single panel, including buses outlet for the connection of an attachment plug. A single

receptacle is a single contact device with no other contactand automatic overcurrent devices, and equipped with or
without switches for the control of light, heat, or power device on the same yoke. A multiple receptacle is two or

more contact devices on the same yoke.circuits; designed to be placed in a cabinet or cutout box
placed in or against a wall, partition, or other support; and

Receptacle Outlet. An outlet where one or more receptaclesaccessible only from the front.
are installed.

Plenum. A compartment or chamber to which one or more
Remote-Control Circuit. Any electric circuit that controlsair ducts are connected and that forms part of the air distribu-
any other circuit through a relay or an equivalent device.tion system.

Service. The conductors and equipment for delivering elec-Power Outlet. An enclosed assembly that may include re-
tric energy from the serving utility to the wiring system ofceptacles, circuit breakers, fuseholders, fused switches,
the premises served.buses, and watt-hour meter mounting means; intended to

supply and control power to mobile homes, recreational Service Cable. Service conductors made up in the form of
vehicles, park trailers, or boats or to serve as a means for a cable.
distributing power required to operate mobile or temporarily

Service Conductors. The conductors from the service pointinstalled equipment.
to the service disconnecting means.

Premises Wiring (System). That interior and exterior wir-
ing, including power, lighting, control, and signal circuit Service Drop. The overhead service conductors from the
wiring together with all their associated hardware, fittings, last pole or other aerial support to and including the splices,
and wiring devices, both permanently and temporarily in- if any, connecting to the service-entrance conductors at the
stalled, that extends from the service point or source of building or other structure.
power, such as a battery, a solar photovoltaic system, or a

Service-Entrance Conductors, Overhead System. Thegenerator, transformer, or converter windings, to the out-
service conductors between the terminals of the servicelet(s). Such wiring does not include wiring internal to appli-
equipment and a point usually outside the building, clear ofances, luminaires (fixtures), motors, controllers, motor
building walls, where joined by tap or splice to the servicecontrol centers, and similar equipment.
drop.

Qualified Person. One who has skills and knowledge re-
Service-Entrance Conductors, Underground System.lated to the construction and operation of the electrical equip-
The service conductors between the terminals of the servicement and installations and has received safety training on
equipment and the point of connection to the service lateral.the hazards involved.

FPN: Where service equipment is located outside the build-FPN: Refer to NFPA 70E-2004, Standard for Electrical
ing walls, there may be no service-entrance conductors orSafety in the Workplace, for electrical safety training require-
they may be entirely outside the building.ments.

Service Equipment. The necessary equipment, usuallyRaceway. An enclosed channel of metal or nonmetallic ma-
consisting of a circuit breaker(s) or switch(es) and fuse(s)terials designed expressly for holding wires, cables, or bus-
and their accessories, connected to the load end of servicebars, with additional functions as permitted in this Code.
conductors to a building or other structure, or an otherwiseRaceways include, but are not limited to, rigid metal conduit,
designated area, and intended to constitute the main controlrigid nonmetallic conduit, intermediate metal conduit, liq-
and cutoff of the supply.uidtight flexible conduit, flexible metallic tubing, flexible

metal conduit, electrical nonmetallic tubing, electrical metal-
Service Lateral. The underground service conductors be-

lic tubing, underfloor raceways, cellular concrete floor race-
tween the street main, including any risers at a pole or

ways, cellular metal floor raceways, surface raceways,
other structure or from transformers, and the first point of

wireways, and busways.
connection to the service-entrance conductors in a terminal
box or meter or other enclosure, inside or outside the buildingRainproof. Constructed, protected, or treated so as to pre-
wall. Where there is no terminal box, meter, or other enclo-vent rain from interfering with the successful operation of
sure, the point of connection is considered to be the pointthe apparatus under specified test conditions.
of entrance of the service conductors into the building.

Raintight. Constructed or protected so that exposure to a
beating rain will not result in the entrance of water under Service Point. The point of connection between the facili-

ties of the serving utility and the premises wiring.specified test conditions.
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Watertight. Constructed so that moisture will not enter theSignaling Circuit. Any electric circuit that energizes signal-
ing equipment. enclosure under specified test conditions.

Solar Photovoltaic System. The total components and sub- Weatherproof. Constructed or protected so that exposure
systems that, in combination, convert solar energy into elec- to the weather will not interfere with successful operation.
trical energy suitable for connection to a utilization load.

FPN: Rainproof, raintight, or watertight equipment can ful-
fill the requirements for weatherproof where varying weatherSpecial Permission. The written consent of the authority
conditions other than wetness, such as snow, ice, dust, orhaving jurisdiction.
temperature extremes, are not a factor.

Structure. That which is built or constructed.

Switch, General-Use. A switch intended for use in general
distribution and branch circuits. It is rated in amperes, and ARTICLE 110
it is capable of interrupting its rated current at its rated Requirements for Electrical Installations
voltage.

Switch, General-Use Snap. A form of general-use switch
I. Generalconstructed so that it can be installed in device boxes or on

box covers, or otherwise used in conjunction with wiring 110.1 Scope. This article covers general requirements for
systems recognized by this Code. the examination and approval, installation and use, access

to and spaces about electrical conductors and equipment;Switch, Motor-Circuit. A switch rated in horsepower that
enclosures intended for personnel entry; and tunnel installa-is capable of interrupting the maximum operating overload
tions.current of a motor of the same horsepower rating as the

switch at the rated voltage.
110.2 Approval. The conductors and equipment required

Switch, Transfer. An automatic or nonautomatic device for or permitted by this Code shall be acceptable only if ap-
transferring one or more load conductor connections from proved.
one power source to another.

FPN: See 90.7, Examination of Equipment for Safety, and
Utilization Equipment. Equipment that utilizes electric en- 110.3, Examination, Identification, Installation, and Use of

Equipment. See definitions of Approved, Identified, Labeled,ergy for electronic, electromechanical, chemical, heating,
and Listed.lighting, or similar purposes.

Ventilated. Provided with a means to permit circulation of 110.3 Examination, Identification, Installation, and Use
air sufficient to remove an excess of heat, fumes, or vapors. of Equipment.

Voltage (of a circuit). The greatest root-mean-square (rms) (A) Examination. In judging equipment, considerations
(effective) difference of potential between any two conduc- such as the following shall be evaluated:
tors of the circuit concerned.

(1) Suitability for installation and use in conformity with
FPN: Some systems, such as 3-phase 4-wire, single-phase

the provisions of this Code3-wire, and 3-wire direct current, may have various circuits
of various voltages. FPN: Suitability of equipment use may be identified by a

description marked on or provided with a product to identifyVoltage, Nominal. A nominal value assigned to a circuit
the suitability of the product for a specific purpose, environ-

or system for the purpose of conveniently designating its ment, or application. Suitability of equipment may be evi-
voltage class (e.g., 120/240 volts, 480Y/277 volts, 600 volts). denced by listing or labeling.
The actual voltage at which a circuit operates can vary from

(2) Mechanical strength and durability, including, for partsthe nominal within a range that permits satisfactory operation
designed to enclose and protect other equipment, theof equipment.
adequacy of the protection thus provided

FPN: See ANSI C84.1-1995, Voltage Ratings for Electric (3) Wire-bending and connection space
Power Systems and Equipment (60 Hz).

(4) Electrical insulation
(5) Heating effects under normal conditions of use and alsoVoltage to Ground. For grounded circuits, the voltage be-

tween the given conductor and that point or conductor of under abnormal conditions likely to arise in service
(6) Arcing effectsthe circuit that is grounded; for ungrounded circuits, the

greatest voltage between the given conductor and any other (7) Classification by type, size, voltage, current capacity,
and specific useconductor of the circuit.
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(8) Other factors that contribute to the practical safe- accordance with their listing shall be considered to meet the
requirements of this section.guarding of persons using or likely to come in contact

with the equipment
110.11 Deteriorating Agents. Unless identified for use in

(B) Installation and Use. Listed or labeled equipment shall the operating environment, no conductors or equipment shall
be installed and used in accordance with any instructions be located in damp or wet locations; where exposed to gases,
included in the listing or labeling. fumes, vapors, liquids, or other agents that have a deteriorat-

ing effect on the conductors or equipment; or where exposed
110.4 Voltages. Throughout this Code, the voltage consid- to excessive temperatures.
ered shall be that at which the circuit operates. The voltage

FPN No. 1: See 300.6 for protection against corrosion.rating of electrical equipment shall not be less than the
nominal voltage of a circuit to which it is connected. FPN No. 2: Some cleaning and lubricating compounds can

cause severe deterioration of many plastic materials used
for insulating and structural applications in equipment.110.5 Conductors. Conductors normally used to carry cur-

rent shall be of copper unless otherwise provided in this Equipment identified only as ‘‘dry locations,’’ ‘‘Type
Code. Where the conductor material is not specified, the 1,’’ or ‘‘indoor use only’’ shall be protected against perma-
material and the sizes given in this Code shall apply to nent damage from the weather during building construction.
copper conductors. Where other materials are used, the size
shall be changed accordingly. 110.12 Mechanical Execution of Work. Electrical equip-

ment shall be installed in a neat and workmanlike manner.FPN: For aluminum and copper-clad aluminum conductors,
see 310.15.

FPN: Accepted industry practices are described in ANSI/
NECA 1-2000, Standard Practices for Good Workmanship

110.6 Conductor Sizes. Conductor sizes are expressed in in Electrical Contracting, and other ANSI-approved installa-
tion standards.American Wire Gage (AWG) or in circular mils.

(A) Unused Openings. Unused cable or raceway openings
110.7 Insulation Integrity. Completed wiring installations

in boxes, raceways, auxiliary gutters, cabinets, cutout boxes,
shall be free from short circuits and from grounds other than

meter socket enclosures, equipment cases, or housings shall
as required or permitted in Article 250.

be effectively closed to afford protection substantially equiv-
alent to the wall of the equipment. Where metallic plugs or

110.8 Wiring Methods. Only wiring methods recognized plates are used with nonmetallic enclosures, they shall be
as suitable are included in this Code. The recognized meth- recessed at least 6 mm (1⁄8 in.) from the outer surface of the
ods of wiring shall be permitted to be installed in any type enclosure.
of building or occupancy, except as otherwise provided in
this Code. (B) Subsurface Enclosures. Conductors shall be racked to

provide ready and safe access in underground and subsurface
enclosures into which persons enter for installation and110.9 Interrupting Rating. Equipment intended to inter-
maintenance.rupt current at fault levels shall have an interrupting rating

sufficient for the nominal circuit voltage and the current that
(C) Integrity of Electrical Equipment and Connections.is available at the line terminals of the equipment.
Internal parts of electrical equipment, including busbars,Equipment intended to interrupt current at other than
wiring terminals, insulators, and other surfaces, shall not befault levels shall have an interrupting rating at nominal cir-
damaged or contaminated by foreign materials such as paint,cuit voltage sufficient for the current that must be interrupted.
plaster, cleaners, abrasives, or corrosive residues. There shall
be no damaged parts that may adversely affect safe operation

110.10 Circuit Impedance and Other Characteristics. or mechanical strength of the equipment such as parts that
The overcurrent protective devices, the total impedance, the are broken; bent; cut; or deteriorated by corrosion, chemical
component short-circuit current ratings, and other character- action, or overheating.
istics of the circuit to be protected shall be selected and
coordinated to permit the circuit-protective devices used to 110.13 Mounting and Cooling of Equipment.
clear a fault to do so without extensive damage to the electri-
cal components of the circuit. This fault shall be assumed (A) Mounting. Electrical equipment shall be firmly se-

cured to the surface on which it is mounted. Wooden plugsto be either between two or more of the circuit conductors
or between any circuit conductor and the grounding conduc- driven into holes in masonry, concrete, plaster, or similar

materials shall not be used.tor or enclosing metal raceway. Listed products applied in
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(B) Cooling. Electrical equipment that depends on the nat- for terminations shall be permitted to be used for ampacity
adjustment, correction, or both.ural circulation of air and convection principles for cooling

of exposed surfaces shall be installed so that room airflow (1) Equipment Provisions. The determination of termina-
over such surfaces is not prevented by walls or by adjacent tion provisions of equipment shall be based on
installed equipment. For equipment designed for floor 110.14(C)(1)(a) or (C)(1)(b). Unless the equipment is listed
mounting, clearance between top surfaces and adjacent sur- and marked otherwise, conductor ampacities used in de-
faces shall be provided to dissipate rising warm air. termining equipment termination provisions shall be based

Electrical equipment provided with ventilating openings on Table 310.16 as appropriately modified by 310.15(B)(6).
shall be installed so that walls or other obstructions do not

(a) Termination provisions of equipment for circuitsprevent the free circulation of air through the equipment.
rated 100 amperes or less, or marked for 14 AWG through 1
AWG conductors, shall be used only for one of the following:110.14 Electrical Connections. Because of different char-

acteristics of dissimilar metals, devices such as pressure (1) Conductors rated 60�C (140�F).
terminal or pressure splicing connectors and soldering lugs (2) Conductors with higher temperature ratings, provided
shall be identified for the material of the conductor and shall the ampacity of such conductors is determined based
be properly installed and used. Conductors of dissimilar on the 60�C (140�F) ampacity of the conductor size
metals shall not be intermixed in a terminal or splicing used.
connector where physical contact occurs between dissimilar (3) Conductors with higher temperature ratings if the equip-
conductors (such as copper and aluminum, copper and cop- ment is listed and identified for use with such conduc-
per-clad aluminum, or aluminum and copper-clad alumi- tors.
num), unless the device is identified for the purpose and (4) For motors marked with design letters B, C, or D, con-
conditions of use. Materials such as solder, fluxes, inhibitors, ductors having an insulation rating of 75�C (167�F)
and compounds, where employed, shall be suitable for the or higher shall be permitted to be used, provided the
use and shall be of a type that will not adversely affect the ampacity of such conductors does not exceed the 75�C
conductors, installation, or equipment. (167�F) ampacity.

FPN: Many terminations and equipment are marked with a
tightening torque. (b) Termination provisions of equipment for circuits

rated over 100 amperes, or marked for conductors larger(A) Terminals. Connection of conductors to terminal parts
than 1 AWG, shall be used only for one of the following:shall ensure a thoroughly good connection without damaging
(1) Conductors rated 75�C (167�F)the conductors and shall be made by means of pressure
(2) Conductors with higher temperature ratings, providedconnectors (including set-screw type), solder lugs, or splices

the ampacity of such conductors does not exceed theto flexible leads. Connection by means of wire-binding
75�C (167�F) ampacity of the conductor size used, orscrews or studs and nuts that have upturned lugs or the
up to their ampacity if the equipment is listed and identi-equivalent shall be permitted for 10 AWG or smaller conduc-
fied for use with such conductorstors.

Terminals for more than one conductor and terminals (2) Separate Connector Provisions. Separately installed
used to connect aluminum shall be so identified. pressure connectors shall be used with conductors at the

ampacities not exceeding the ampacity at the listed and(B) Splices. Conductors shall be spliced or joined with
identified temperature rating of the connector.splicing devices identified for the use or by brazing, welding,

FPN: With respect to 110.14(C)(1) and (C)(2), equipmentor soldering with a fusible metal or alloy. Soldered splices
markings or listing information may additionally restrict theshall first be spliced or joined so as to be mechanically and
sizing and temperature ratings of connected conductors.

electrically secure without solder and then be soldered. All
splices and joints and the free ends of conductors shall be 110.15 High-Leg Marking. On a 4-wire, delta-connected
covered with an insulation equivalent to that of the conduc- system where the midpoint of one phase winding is
tors or with an insulating device identified for the purpose. grounded, only the conductor or busbar having the higher

Wire connectors or splicing means installed on conduc- phase voltage to ground shall be durably and permanently
tors for direct burial shall be listed for such use. marked by an outer finish that is orange in color or by other

effective means. Such identification shall be placed at each
(C) Temperature Limitations. The temperature rating as- point on the system where a connection is made if the
sociated with the ampacity of a conductor shall be selected grounded conductor is also present.
and coordinated so as not to exceed the lowest temperature
rating of any connected termination, conductor, or device. 110.18 Arcing Parts. Parts of electric equipment that in

ordinary operation produce arcs, sparks, flames, or moltenConductors with temperature ratings higher than specified
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metal shall be enclosed or separated and isolated from all 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. Distancescombustible material.
shall be measured from the exposed live parts or from the

110.19 Light and Power from Railway Conductors. Cir- enclosure or opening if the live parts are enclosed.
cuits for lighting and power shall not be connected to any
system that contains trolley wires with a ground return. Table 110.26(A)(1) Working Spaces

Exception: Such circuit connections shall be permitted in
Minimum Clear Distancecar houses, power houses, or passenger and freight stations

operated in connection with electric railways. Nominal Voltage Condition Condition Condition
to Ground 1 2 3

110.21 Marking. The manufacturer’s name, trademark, or
0–150 900 mm 900 mm 900 mmother descriptive marking by which the organization respon-

(3 ft) (3 ft) (3 ft)sible for the product can be identified shall be placed on all
151–600 900 mm 1.1 m 1.2 melectric equipment. Other markings that indicate voltage,

(3 ft) (31⁄2 ft) (4 ft)current, wattage, or other ratings shall be provided as speci-
fied elsewhere in this Code. The marking shall be of suffi-

Note: Where the conditions are as follows:
cient durability to withstand the environment involved. Condition 1—Exposed live parts on one side of the working

space and no live or grounded parts on the other side of the
110.22 Identification of Disconnecting Means. Each dis- working space, or exposed live parts on both sides of the working
connecting means shall be legibly marked to indicate its space that are effectively guarded by insulating materials.

Condition 2—Exposed live parts on one side of the workingpurpose unless located and arranged so the purpose is evi-
space and grounded parts on the other side of the workingdent. The marking shall be of sufficient durability to with-
space. Concrete, brick, or tile walls shall be considered asstand the environment involved. grounded.

Where circuit breakers or fuses are applied in compli- Condition 3—Exposed live parts on both sides of the working
ance with the series combination ratings marked on the space.
equipment by the manufacturer, the equipment enclosure(s)
shall be legibly marked in the field to indicate the equipment

(a) Dead-Front Assemblies. Working space shall not behas been applied with a series combination rating. The mark-
required in the back or sides of assemblies, such as dead-fronting shall be readily visible and state the following:
switchboards or motor control centers, where all connections

CAUTION — SERIES COMBINATION and all renewable or adjustable parts, such as fuses or
SYSTEM RATED AMPERES. IDENTIFIED switches, are accessible from locations other than the back

REPLACEMENT or sides. Where rear access is required to work on nonelectri-
COMPONENTS REQUIRED. cal parts on the back of enclosed equipment, a minimum

horizontal working space of 762 mm (30 in.) shall be pro-110.23 Current Transformers. Unused current transform-
vided.ers associated with potentially energized circuits shall be

(b) Low Voltage. By special permission, smaller work-short-circuited.
ing spaces shall be permitted where all exposed live parts
operate at not greater than 30 volts rms, 42 volts peak, orII. 600 Volts, Nominal, or Less
60 volts dc.

110.26 Spaces About Electrical Equipment. Sufficient (c) Existing Buildings. In existing buildings where elec-
access and working space shall be provided and maintained trical equipment is being replaced, Condition 2 working
about all electric equipment to permit ready and safe opera- clearance shall be permitted between dead-front switch-
tion and maintenance of such equipment. Enclosures housing boards, panelboards, or motor control centers located across
electrical apparatus that are controlled by a lock(s) shall be the aisle from each other where conditions of maintenance
considered accessible to qualified persons. and supervision ensure that written procedures have been

adopted to prohibit equipment on both sides of the aisle(A) Working Space. Working space for equipment op-
from being open at the same time and qualified persons whoerating at 600 volts, nominal, or less to ground and likely to
are authorized will service the installation.require examination, adjustment, servicing, or maintenance

while energized shall comply with the dimensions of (2) Width of Working Space. The width of the working
110.26(A)(1), (A)(2), and (A)(3) or as required or permitted space in front of the electric equipment shall be the width
elsewhere in this Code. of the equipment or 750 mm (30 in.), whichever is greater.

In all cases, the work space shall permit at least a 90 degree(1) Depth of Working Space. The depth of the working
space in the direction of live parts shall not be less than that opening of equipment doors or hinged panels.
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(3) Height of Working Space. The work space shall be electrical equipment exceeds 2.0 m (61⁄2 ft) in height, the
minimum headroom shall not be less than the height of theclear and extend from the grade, floor, or platform to the

height required by 110.26(E). Within the height requirements equipment.
of this section, other equipment that is associated with the Exception: In existing dwelling units, service equipment or
electrical installation and is located above or below the elec- panelboards that do not exceed 200 amperes shall be permit-
trical equipment shall be permitted to extend not more than ted in spaces where the headroom is less than 2.0 m (61⁄2
150 mm (6 in.) beyond the front of the electrical equipment. ft).

(B) Clear Spaces. Working space required by this section (F) Dedicated Equipment Space. All switchboards, pan-
shall not be used for storage. When normally enclosed live elboards, distribution boards, and motor control centers shall
parts are exposed for inspection or servicing, the working be located in dedicated spaces and protected from damage.
space, if in a passageway or general open space, shall be

Exception: Control equipment that by its very nature orsuitably guarded.
because of other rules of the Code must be adjacent to or
within sight of its operating machinery shall be permitted(C) Entrance to Working Space.
in those locations.

(1) Minimum Required. At least one entrance of sufficient
(1) Indoor. Indoor installations shall comply witharea shall be provided to give access to working space about
110.26(F)(1)(a) through (F)(1)(d).electrical equipment.

(a) Dedicated Electrical Space. The space equal to the(2) Large Equipment. For equipment rated 1200 amperes
width and depth of the equipment and extending from theor more that contains overcurrent devices, switching devices,
floor to a height of 1.8 m (6 ft) above the equipment or toor control devices, there shall be one entrance to the required
the structural ceiling, whichever is lower, shall be dedicatedworking space not less than 610 mm (24 in.) wide and 2.0
to the electrical installation. No piping, ducts, leak protectionm (61⁄2 ft) high at each end of the working space. Where
apparatus, or other equipment foreign to the electrical instal-the entrance has a personnel door(s), the door(s) shall open
lation shall be located in this zone.in the direction of egress and be equipped with panic bars,

pressure plates, or other devices that are normally latched Exception: Suspended ceilings with removable panels shall
be permitted within the 1.8 m (6 ft) zone.but open under simple pressure.

A single entrance to the required working space shall
(b) Foreign Systems. The area above the dedicatedbe permitted where either of the conditions in

space required by 110.26(F)(1)(a) shall be permitted to con-110.26(C)(2)(a) or (C)(2)(b) is met.
tain foreign systems, provided protection is installed to avoid
damage to the electrical equipment from condensation, leaks,(a) Unobstructed Exit. Where the location permits a
or breaks in such foreign systems.continuous and unobstructed way of exit travel, a single

(c) Sprinkler Protection. Sprinkler protection shall beentrance to the working space shall be permitted.
permitted for the dedicated space where the piping complies(b) Extra Working Space. Where the depth of the work-
with this section.ing space is twice that required by 110.26(A)(1), a single

(d) Suspended Ceilings. A dropped, suspended, or simi-entrance shall be permitted. It shall be located so that the
lar ceiling that does not add strength to the building structuredistance from the equipment to the nearest edge of the en-
shall not be considered a structural ceiling.trance is not less than the minimum clear distance specified

in Table 110.26(A)(1) for equipment operating at that voltage (2) Outdoor. Outdoor electrical equipment shall be in-
and in that condition. stalled in suitable enclosures and shall be protected from

accidental contact by unauthorized personnel, or by vehicu-(D) Illumination. Illumination shall be provided for all
lar traffic, or by accidental spillage or leakage from pipingworking spaces about service equipment, switchboards, pan-
systems. The working clearance space shall include the zoneelboards, or motor control centers installed indoors. Addi-
described in 110.26(A). No architectural appurtenance ortional lighting outlets shall not be required where the work
other equipment shall be located in this zone.space is illuminated by an adjacent light source or as permit-

ted by 210.70(A)(1), Exception No. 1, for switched recepta- 110.27 Guarding of Live Parts.
cles. In electrical equipment rooms, the illumination shall

(A) Live Parts Guarded Against Accidental Contact.not be controlled by automatic means only.
Except as elsewhere required or permitted by this Code, live
parts of electrical equipment operating at 50 volts or more(E) Headroom. The minimum headroom of working

spaces about service equipment, switchboards, panelboards, shall be guarded against accidental contact by approved
enclosures.or motor control centers shall be 2.0 m (61⁄2 ft). Where the
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Chapter 2 Wiring and Protection

power systems as permitted by 690.31 in the NEC shall
ARTICLE 200 be identified at the time of installation by distinctive

white marking at all terminations.Use and Identification
(3) Fixture wire shall comply with the requirements forof Grounded Conductors

grounded conductor identification as specified in 402.8
in the NEC.

(4) For aerial cable, the identification shall be as above, or200.1 Scope. This article provides requirements for the fol-
by means of a ridge located on the exterior of the cablelowing:
so as to identify it.

(1) Identification of terminals
(B) Sizes Larger Than 6 AWG. An insulated grounded(2) Grounded conductors in premises wiring systems
conductor larger than 6 AWG shall be identified by one of(3) Identification of grounded conductors
the following means:

FPN: See Article 100 for definitions of Grounded Conduc-
tor and Grounding Conductor. (1) By a continuous white or gray outer finish.

(2) By three continuous white stripes along its entire length
200.2 General. All premises wiring systems, other than on other than green insulation.
circuits and systems exempted or prohibited by 210.10, (3) At the time of installation, by a distinctive white or gray
215.7, 250.21 in the NEC and 250.22 in the NEC, shall have marking at its terminations. This marking shall encircle
a grounded conductor that is identified in accordance with the conductor or insulation.
200.6.

(C) Flexible Cords. An insulated conductor that is in-The grounded conductor, where insulated, shall have
tended for use as a grounded conductor, where containedinsulation that is (1) suitable, other than color, for any un-
within a flexible cord, shall be identified by a white or graygrounded conductor of the same circuit on circuits of less
outer finish or by methods permitted by 400.22 in the NEC.than 1000 volts.

FPN: The color gray may have been used in the past as an
200.3 Connection to Grounded System. Premises wiring ungrounded conductor. Care should be taken when working
shall not be electrically connected to a supply system unless on existing systems.
the latter contains, for any grounded conductor of the interior
system, a corresponding conductor that is grounded. For the 200.7 Use of Insulation of a White or Gray Color or
purpose of this section, electrically connected shall mean with Three Continuous White Stripes.
connected so as to be capable of carrying current, as distin-

(A) General. The following shall be used only for theguished from connection through electromagnetic induction.
grounded circuit conductor, unless otherwise permitted in
200.7(B) and 200.7(C):200.6 Means of Identifying Grounded Conductors.

(A) Sizes 6 AWG or Smaller. An insulated grounded con- (1) A conductor with continuous white or gray covering
ductor of 6 AWG or smaller shall be identified by a continu- (2) A conductor with three continuous white stripes on other
ous white or gray outer finish or by three continuous white than green insulation
stripes on other than green insulation along its entire length. (3) A marking of white or gray color at the termination
Wires that have their outer covering finished to show a white

(B) Circuits of Less Than 50 Volts. A conductor withor gray color but have colored tracer threads in the braid
white or gray color insulation or three continuous whiteidentifying the source of manufacture shall be considered
stripes or having a marking of white or gray at the termina-as meeting the provisions of this section. Insulated grounded
tion for circuits of less than 50 volts shall be required to beconductors shall also be permitted to be identified as follows:
grounded only as required by 250.20(A).

(1) The grounded conductor of a mineral-insulated, metal-
sheathed cable shall be identified at the time of installa- (C) Circuits of 50 Volts or More. The use of insulation

that is white or gray or that has three continuous whitetion by distinctive marking at its terminations.
(2) A single-conductor, sunlight-resistant, outdoor-rated stripes for other than a grounded conductor for circuits of

50 volts or more shall be permitted only as in (1) through (3).cable used as a grounded conductor in photovoltaic
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(B) Receptacles, Plugs, and Connectors. Receptacles, po-(1) If part of a cable assembly and where the insulation
is permanently re-identified to indicate its use as an larized attachment plugs, and cord connectors for plugs and

polarized plugs shall have the terminal intended for connec-ungrounded conductor, by painting or other effective
means at its termination, and at each location where the tion to the grounded conductor identified as follows:
conductor is visible and accessible. Identification shall

(1) Identification shall be by a metal or metal coating thatencircle the insulation and shall be a color other than
is substantially white in color or by the word white orwhite, gray, or green.
the letter W located adjacent to the identified terminal.(2) Where a cable assembly contains an insulated conductor

(2) If the terminal is not visible, the conductor entrancefor single-pole, 3-way or 4-way switch loops and the
hole for the connection shall be colored white or markedconductor with white or gray insulation or a marking
with the word white or the letter W.of three continuous white stripes is used for the supply

to the switch but not as a return conductor from the
FPN: See 250.126 for identification of wiring device equip-switch to the switched outlet. In these applications, the ment grounding conductor terminals.

conductor with white or gray insulation or with three
continuous white stripes shall be permanently re-identi- (C) Screw Shells. For devices with screw shells, the termi-
fied to indicate its use by painting or other effective nal for the grounded conductor shall be the one connected
means at its terminations and at each location where to the screw shell.
the conductor is visible and accessible.

(3) Where a flexible cord, having one conductor identified (D) Screw Shell Devices with Leads. For screw shell de-
by a white or gray outer finish or three continuous white vices with attached leads, the conductor attached to the screw
stripes or by any other means permitted by 400.22 in the shell shall have a white or gray finish. The outer finish of
NEC, is used for connecting an appliance or equipment the other conductor shall be of a solid color that will not be
permitted by 400.7. This shall apply to flexible cords confused with the white or gray finish used to identify the
connected to outlets whether or not the outlet is supplied grounded conductor.
by a circuit that has a grounded conductor.

FPN: The color gray may have been used in the past as an
ungrounded conductor. Care should be taken when workingFPN: The color gray may have been used in the past as an
on existing systems.ungrounded conductor. Care should be taken when working

on existing systems.
(E) Appliances. Appliances that have a single-pole switch
or a single-pole overcurrent device in the line or any line-200.9 Means of Identification of Terminals. The identifi-
connected screw shell lampholders, and that are to be con-cation of terminals to which a grounded conductor is to be
nected by (1) a permanent wiring method or (2) field-connected shall be substantially white in color. The identifi-
installed attachment plugs and cords with three or morecation of other terminals shall be of a readily distinguishable
wires (including the equipment grounding conductor), shalldifferent color.
have means to identify the terminal for the grounded circuit
conductor (if any).Exception: Where the conditions of maintenance and super-

vision ensure that only qualified persons service the installa-
tions, terminals for grounded conductors shall be permitted 200.11 Polarity of Connections. No grounded conductor
to be permanently identified at the time of installation by a shall be attached to any terminal or lead so as to reverse the
distinctive white marking or other equally effective means. designated polarity.

200.10 Identification of Terminals.

(A) Device Terminals. All devices, excluding panelboards, ARTICLE 210
provided with terminals for the attachment of conductors Branch Circuits
and intended for connection to more than one side of the
circuit shall have terminals properly marked for identifica-
tion, unless the electrical connection of the terminal intended I. General Provisions
to be connected to the grounded conductor is clearly evident.

210.1 Scope. This article covers branch circuits except for
branch circuits that supply only motor loads, which areException: Terminal identification shall not be required for

devices that have a normal current rating of over 30 amperes, covered in Article 430 in the NEC. Provisions of this article
and Article 430 in the NEC apply to branch circuits withother than polarized attachment plugs and polarized recep-

tacles for attachment plugs as required in 200.10(B). combination loads.
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70A–17ARTICLE 210 — BRANCH CIRCUITS

Exception No. 2: Where all ungrounded conductors of the210.2 Other Articles for Specific-Purpose Branch Cir-
cuits. Branch circuits shall comply with this article and also multiwire branch circuit are opened simultaneously by the

branch-circuit overcurrent device.with the applicable provisions of other articles of this Code.
The provisions for branch circuits supplying equipment

FPN: See 300.13(B) for continuity of grounded conductorlisted in Table 210.2 amend or supplement the provisions
on multiwire circuits.

in this article and shall apply to branch circuits referred to
therein.

210.5 Identification for Branch Circuits.
Table 210.2 Specific-Purpose Branch Circuits

(A) Grounded Conductor. The grounded conductor of a
branch circuit shall be identified in accordance with 200.6.Equipment Article Section

(B) Equipment Grounding Conductor. The equipmentAir-conditioning and refrigerating 440.6, 440.31,
grounding conductor shall be identified in accordance withequipment 440.32
250.119.Central heating equipment other than 422.12

fixed electric space-heating
equipment 210.6 Branch-Circuit Voltage Limitations. The nominal

Class 1, Class 2, and Class 3 remote- 725 voltage of branch circuits shall not exceed the values permit-
control, signaling, and power-

ted by 210.6(A) through 210.6(C).
limited circuits

Fire alarm systems 760 (A) Occupancy Limitation. In dwelling units and guest
Fixed electric space-heating 424.3

rooms or guest suites of hotels, motels, and similar occupanc-equipment
ies, the voltage shall not exceed 120 volts, nominal, between
conductors that supply the terminals of the following:

210.3 Rating. Branch circuits recognized by this article (1) Luminaires (lighting fixtures)
shall be rated in accordance with the maximum permitted (2) Cord-and-plug-connected loads 1440 volt-amperes,
ampere rating or setting of the overcurrent device. The rating nominal, or less or less than 1⁄4 hp
for other than individual branch circuits shall be 15, 20, 30,

(B) 120 Volts Between Conductors. Circuits not ex-40, and 50 amperes. Where conductors of higher ampacity
ceeding 120 volts, nominal, between conductors shall beare used for any reason, the ampere rating or setting of
permitted to supply the following:the specified overcurrent device shall determine the circuit

rating.
(1) The terminals of lampholders applied within their volt-

age ratings210.4 Multiwire Branch Circuits.
(2) Auxiliary equipment of electric-discharge lamps

(A) General. Branch circuits recognized by this article (3) Cord-and-plug-connected or permanently connected
shall be permitted as multiwire circuits. A multiwire circuit utilization equipment
shall be permitted to be considered as multiple circuits.

(C) 277 Volts to Ground. Circuits exceeding 120 volts,All conductors shall originate from the same panelboard or
nominal, between conductors and not exceeding 277 volts,similar distribution equipment.
nominal, to ground shall be permitted to supply the follow-

FPN: A 3-phase, 4-wire, wye-connected power system used
ing:to supply power to nonlinear loads may necessitate that

the power system design allow for the possibility of high
(1) Listed electric-discharge luminaires (lighting fixtures)harmonic neutral currents.
(2) Listed incandescent luminaires (lighting fixtures),

(B) Devices or Equipment. Where a multiwire branch cir- where supplied at 120 volts or less from the output of
cuit supplies more than one device or equipment on the a stepdown autotransformer that is an integral compo-
same yoke, a means shall be provided to disconnect simulta- nent of the luminaire (fixture) and the outer shell termi-
neously all ungrounded conductors supplying those devices nal is electrically connected to a grounded conductor
or equipment at the point where the branch circuit originates. of the branch circuit

(3) Luminaires (lighting fixtures) equipped with mogul-
(C) Line-to-Neutral Loads. Multiwire branch circuits

base screw shell lampholders
shall supply only line-to-neutral loads.

(4) Lampholders, other than the screw shell type, applied
within their voltage ratingsException No. 1: A multiwire branch circuit that supplies

only one utilization equipment. (5) Auxiliary equipment of electric-discharge lamps
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70A–18 ARTICLE 210 — BRANCH CIRCUITS

Exception No. 1 to (5): Receptacles that are not readily(6) Cord-and-plug-connected or permanently connected
utilization equipment accessible.

Exception No. 2 to (5): A single receptacle or a duplex
210.7 Branch Circuit Receptacle Requirements. receptacle for two appliances located within dedicated space

for each appliance that, in normal use, is not easily moved(A) Receptacle Outlet Location. Receptacle outlets shall
from one place to another and that is cord-and-plug con-be located in branch circuits in accordance with Part III of
nected in accordance with 400.7(A)(6), (A)(7), or (A)(8).Article 210.

Exception No. 3 to (5): A receptacle supplying only a perma-(B) Multiple Branch Circuits. Where two or more branch
nently installed fire alarm or burglar alarm system shall notcircuits supply devices or equipment on the same yoke, a
be required to have ground-fault circuit-interrupter protec-means to simultaneously disconnect the ungrounded conduc-
tion.tors supplying those devices shall be provided at the point

at which the branch circuits originate.
Receptacles installed under the exceptions to 210.8(A)(5)
shall not be considered as meeting the requirements of

210.8 Ground-Fault Circuit-Interrupter Protection for 210.52(G).
Personnel.

(6) Kitchens — where the receptacles are installed to serve
FPN: See 215.9 for ground-fault circuit-interrupter protec-

the countertop surfacestion for personnel on feeders.
(7) Laundry, utility, and wet bar sinks — where the recepta-

cles are installed within 1.8 m (6 ft) of the outside edge(A) Dwelling Units. All 125-volt, single-phase, 15- and
of the sink20-ampere receptacles installed in the locations specified in

(8) Boathouses(1) through (8) shall have ground-fault circuit-interrupter
protection for personnel.

(C) Boat Hoists. Ground-fault circuit-interrupter protec-
tion for personnel shall be provided for outlets that supply(1) Bathrooms
boat hoists installed in dwelling unit locations and supplied(2) Garages, and also accessory buildings that have a floor
by 125-volt, 15- and 20-ampere branch circuits.located at or below grade level not intended as habitable

rooms and limited to storage areas, work areas, and
areas of similar use 210.10 Ungrounded Conductors Tapped from Grounded

Systems. Two-wire dc circuits and ac circuits of two or
Exception No. 1 to (2): Receptacles that are not readily

more ungrounded conductors shall be permitted to be tapped
accessible.

from the ungrounded conductors of circuits that have a
grounded neutral conductor. Switching devices in eachException No. 2 to (2): A single receptacle or a duplex
tapped circuit shall have a pole in each ungrounded conduc-receptacle for two appliances located within dedicated space
tor. All poles of multipole switching devices shall manuallyfor each appliance that, in normal use, is not easily moved
switch together where such switching devices also serve asfrom one place to another and that is cord-and-plug con-
a disconnecting means as required by the following:nected in accordance with 400.7(A)(6), (A)(7), or (A)(8).

(1) 410.48 for double-pole switched lampholdersReceptacles installed under the exceptions to 210.8(A)(2)
(3) 422.31(B) for an applianceshall not be considered as meeting the requirements of
(4) 424.20 for a fixed electric space-heating unit210.52(G)
(5) 426.51 in the NEC for electric deicing and snow-melting

(3) Outdoors equipment
(6) 430.85 in the NEC for a motor controllerException to (3): Receptacles that are not readily accessible
(7) 430.103 in the NEC for a motorand are supplied by a dedicated branch circuit for electric

snow-melting or deicing equipment shall be permitted to be
210.11 Branch Circuits Required. Branch circuits forinstalled in accordance with 426.28 in the NEC.
lighting and for appliances, including motor-operated appli-
ances, shall be provided to supply the loads calculated in(4) Crawl spaces — at or below grade level

(5) Unfinished basements — for purposes of this section, accordance with 220.10. In addition, branch circuits shall
be provided for specific loads not covered by 220.10 whereunfinished basements are defined as portions or areas

of the basement not intended as habitable rooms and required elsewhere in this Code and for dwelling unit loads
as specified in 210.11(C).limited to storage areas, work areas, and the like
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70A–19ARTICLE 210 — BRANCH CIRCUITS

(A) Number of Branch Circuits. The minimum number Branch/feeder AFCIs shall be permitted to be used to
meet the requirements of 210.12(B) until January 1, 2008.of branch circuits shall be determined from the total calcu-

lated load and the size or rating of the circuits used. In all
FPN: For information on types of arc-fault circuit interrupt-installations, the number of circuits shall be sufficient to ers, see UL 1699-1999, Standard for Arc-Fault Circuit Inter-

supply the load served. In no case shall the load on any rupters.
circuit exceed the maximum specified by 220.18.

Exception: The location of the arc-fault circuit interrupter
(B) Load Evenly Proportioned Among Branch Cir- shall be permitted to be at other than the origination of the
cuits. Where the load is calculated on the basis of volt- branch circuit in compliance with (a) and (b):
amperes per square meter or per square foot, the wiring

(a) The arc-fault circuit interrupter installed within 1.8 msystem up to and including the branch-circuit panelboard(s)
(6 ft) of the branch circuit overcurrent device as mea-shall be provided to serve not less than the calculated load.
sured along the branch circuit conductors.This load shall be evenly proportioned among multioutlet

(b) The circuit conductors between the branch circuit over-branch circuits within the panelboard(s). Branch-circuit ov-
current device and the arc-fault circuit interrupter shallercurrent devices and circuits shall only be required to be
be installed in a metal raceway or a cable with a metallicinstalled to serve the connected load.
sheath.

(C) Dwelling Units.

II. Branch-Circuit Ratings(1) Small-Appliance Branch Circuits. In addition to the
number of branch circuits required by other parts of this 210.19 Conductors — Minimum Ampacity and Size.
section, two or more 20-ampere small-appliance branch cir-
cuits shall be provided for all receptacle outlets specified (A) Branch Circuits Not More Than 600 Volts.
by 210.52(B).

(1) General. Branch-circuit conductors shall have an am-
(2) Laundry Branch Circuits. In addition to the number pacity not less than the maximum load to be served. Where
of branch circuits required by other parts of this section, at a branch circuit supplies continuous loads or any combina-
least one additional 20-ampere branch circuit shall be pro- tion of continuous and noncontinuous loads, the minimum
vided to supply the laundry receptacle outlet(s) required by branch-circuit conductor size, before the application of any
210.52(F). This circuit shall have no other outlets. adjustment or correction factors, shall have an allowable

ampacity not less than the noncontinuous load plus 125
(3) Bathroom Branch Circuits. In addition to the number percent of the continuous load.
of branch circuits required by other parts of this section, at

Exception: Where the assembly, including the overcurrentleast one 20-ampere branch circuit shall be provided to sup-
devices protecting the branch circuit(s), is listed for opera-ply bathroom receptacle outlet(s). Such circuits shall have
tion at 100 percent of its rating, the allowable ampacity ofno other outlets.
the branch circuit conductors shall be permitted to be not

Exception: Where the 20-ampere circuit supplies a single less than the sum of the continuous load plus the noncontinu-
bathroom, outlets for other equipment within the same bath- ous load.
room shall be permitted to be supplied in accordance with

FPN No. 1: See 310.15 for ampacity ratings of conductors.210.23(A)(1) and (A)(2).

FPN No. 2: See Part II of Article 430 in the NEC forFPN: See Examples D1(a), D1(b), and D2(b), in Annex D.
minimum rating of motor branch-circuit conductors.

210.12 Arc-Fault Circuit-Interrupter Protection. FPN No. 3: See 310.10 for temperature limitation of conduc-
tors.(A) Definition: Arc-Fault Circuit Interrupter. An arc-

fault circuit interrupter is a device intended to provide protec- FPN No. 4: Conductors for branch circuits as defined in
Article 100, sized to prevent a voltage drop exceeding 3tion from the effects of arc faults by recognizing characteris-
percent at the farthest outlet of power, heating, and lightingtics unique to arcing and by functioning to de-energize the
loads, or combinations of such loads, and where the maxi-circuit when an arc fault is detected.
mum total voltage drop on both feeders and branch circuits
to the farthest outlet does not exceed 5 percent, provide(B) Dwelling Unit Bedrooms. All 120-volt, single phase,
reasonable efficiency of operation. See FPN No. 2 of

15- and 20-ampere branch circuits supplying outlets installed 215.2(A)(3) for voltage drop on feeder conductors.
in dwelling unit bedrooms shall be protected by a listed arc-
fault circuit interrupter, combination type installed to provide (2) Multioutlet Branch Circuits. Conductors of branch

circuits supplying more than one receptacle for cord-and-protection of the branch circuit.
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70A–20 ARTICLE 210 — BRANCH CIRCUITS

Exception No. 2: Fixture wires and flexible cords shall beplug-connected portable loads shall have an ampacity of not
less than the rating of the branch circuit. permitted to be smaller than 14 AWG as permitted by 240.5

in the NEC.

(3) Household Ranges and Cooking Appliances. Branch-
210.20 Overcurrent Protection. Branch-circuit conduc-circuit conductors supplying household ranges, wall-
tors and equipment shall be protected by overcurrent protec-mounted ovens, counter-mounted cooking units, and other
tive devices that have a rating or setting that complies withhousehold cooking appliances shall have an ampacity not
210.20(A) through (D).less than the rating of the branch circuit and not less than

the maximum load to be served. For ranges of 83⁄4 kW or
(A) Continuous and Noncontinuous Loads. Where amore rating, the minimum branch-circuit rating shall be 40
branch circuit supplies continuous loads or any combinationamperes.
of continuous and noncontinuous loads, the rating of the
overcurrent device shall not be less than the noncontinuousException No. 1: Tap conductors supplying electric ranges,
load plus 125 percent of the continuous load.wall-mounted electric ovens, and counter-mounted electric

cooking units from a 50-ampere branch circuit shall have Exception: Where the assembly, including the overcurrent
an ampacity of not less than 20 and shall be sufficient for devices protecting the branch circuit(s), is listed for opera-
the load to be served. These tap conductors include any tion at 100 percent of its rating, the ampere rating of the
conductors that are a part of the leads supplied with the overcurrent device shall be permitted to be not less than the
appliance that are smaller than the branch circuit conduc- sum of the continuous load plus the noncontinuous load.
tors. The taps shall not be longer than necessary for servicing
the appliance. (B) Conductor Protection. Conductors shall be protected

in accordance with 240.4. Flexible cords and fixture wires
Exception No. 2: The neutral conductor of a 3-wire branch shall be protected in accordance with 240.5 in the NEC.
circuit supplying a household electric range, a wall-mounted
oven, or a counter-mounted cooking unit shall be permitted (C) Equipment. The rating or setting of the overcurrent
to be smaller than the ungrounded conductors where the protective device shall not exceed that specified in the appli-
maximum demand of a range of 83⁄4 kW or more rating has cable articles referenced in Table 240.3 for equipment.
been calculated according to Column C of Table 220.55,

(D) Outlet Devices. The rating or setting shall not exceedbut such conductor shall have an ampacity of not less than
that specified in 210.21 for outlet devices.70 percent of the branch-circuit rating and shall not be

smaller than 10 AWG.
210.21 Outlet Devices. Outlet devices shall have an am-
pere rating that is not less than the load to be served and(4) Other Loads. Branch-circuit conductors that supply
shall comply with 210.21(A) and (B).loads other than those specified in 210.2 and other than

cooking appliances as covered in 210.19(A)(3) shall have
(A) Lampholders. Where connected to a branch circuitan ampacity sufficient for the loads served and shall not be
having a rating in excess of 20 amperes, lampholders shallsmaller than 14 AWG.
be of the heavy-duty type. A heavy-duty lampholder shall
have a rating of not less than 660 watts if of the admediumException No. 1: Tap conductors shall have an ampacity
type, or not less than 750 watts if of any other type.sufficient for the load served. In addition, they shall have

an ampacity of not less than 15 for circuits rated less than (B) Receptacles.
40 amperes and not less than 20 for circuits rated at 40 or
50 amperes and only where these tap conductors supply any (1) Single Receptacle on an Individual Branch Circuit.
of the following loads: A single receptacle installed on an individual branch circuit

shall have an ampere rating not less than that of the branch
(a) Individual lampholders or luminaires (fixtures) with circuit.

taps extending not longer than 450 mm (18 in.) beyond
Exception No. 1: A receptacle installed in accordance withany portion of the lampholder or luminaire (fixture).
430.81(B) in the NEC.(b) A fixture having tap conductors as provided in 410.67.

(c) Individual outlets, other than receptacle outlets, with FPN: See the definition of receptacle in Article 100.
taps not over 450 mm (18 in.) long.

(d) Infrared lamp industrial heating appliances. (2) Total Cord-and-Plug-Connected Load. Where con-
nected to a branch circuit supplying two or more receptacles(e) Nonheating leads of deicing and snow-melting cables

and mats. or outlets, a receptacle shall not supply a total cord-and-
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(1) Cord-and-Plug-Connected Equipment Not Fastenedplug-connected load in excess of the maximum specified in
Table 210.21(B)(2). in Place. The rating of any one cord-and-plug-connected

utilization equipment not fastened in place shall not exceed
Table 210.21(B)(2) Maximum Cord-and-Plug-Connected 80 percent of the branch-circuit ampere rating.
Load to Receptacle

(2) Utilization Equipment Fastened in Place. The total
rating of utilization equipment fastened in place, other thanCircuit Rating Receptacle Rating Maximum Load

(Amperes) (Amperes) (Amperes) luminaires (lighting fixtures), shall not exceed 50 percent
of the branch-circuit ampere rating where lighting units,

15 or 20 15 12 cord-and-plug-connected utilization equipment not fastened
20 20 16

in place, or both, are also supplied.
30 30 24

(B) 30-Ampere Branch Circuits. A 30-ampere branch cir-
cuit shall be permitted to supply fixed lighting units with

(3) Receptacle Ratings. Where connected to a branch cir- heavy-duty lampholders in other than a dwelling unit(s) or
cuit supplying two or more receptacles or outlets, receptacle utilization equipment in any occupancy. A rating of any
ratings shall conform to the values listed in Table one cord-and-plug-connected utilization equipment shall not
210.21(B)(3), or where larger than 50 amperes, the recepta- exceed 80 percent of the branch-circuit ampere rating.
cle rating shall not be less than the branch-circuit rating.

(C) 40- and 50-Ampere Branch Circuits. A 40- or 50-
Exception No. 2: The ampere rating of a receptacle installed

ampere branch circuit shall be permitted to supply cooking
for electric discharge lighting shall be permitted to be based

appliances that are fastened in place in any occupancy. In
on 410.30(C).

other than dwelling units, such circuits shall be permitted
to supply fixed lighting units with heavy-duty lampholders,

Table 210.21(B)(3) Receptacle Ratings for Various Size
infrared heating units, or other utilization equipment.Circuits

(D) Branch Circuits Larger Than 50 Amperes. Branch
Circuit Rating (Amperes) Receptacle Rating (Amperes)

circuits larger than 50 amperes shall supply only nonlighting
outlet loads.15 Not over 15

20 15 or 20
30 30 210.24 Branch-Circuit Requirements — Summary. The
40 40 or 50 requirements for circuits that have two or more outlets or
50 50 receptacles, other than the receptacle circuits of 210.11(C)(1)

and (C)(2), are summarized in Table 210.24. This table
provides only a summary of minimum requirements. See

(4) Range Receptacle Rating. The ampere rating of a 210.19, 210.20, and 210.21 for the specific requirements
range receptacle shall be permitted to be based on a single applying to branch circuits.
range demand load as specified in Table 220.55.

210.25 Common Area Branch Circuits. Branch circuits
210.23 Permissible Loads. In no case shall the load exceed in dwelling units shall supply only loads within that dwelling
the branch-circuit ampere rating. An individual branch cir- unit or loads associated only with that dwelling unit. Branch
cuit shall be permitted to supply any load for which it is circuits required for the purpose of lighting, central alarm,
rated. A branch circuit supplying two or more outlets or signal, communications, or other needs for public or com-
receptacles shall supply only the loads specified according mon areas of a two-family or multifamily dwelling shall
to its size as specified in 210.23(A) through (D) and as not be supplied from equipment that supplies an individual
summarized in 210.24 and Table 210.24. dwelling unit.

(A) 15- and 20-Ampere Branch Circuits. A 15- or 20-
ampere branch circuit shall be permitted to supply lighting III. Required Outlets
units or other utilization equipment, or a combination of

210.50 General. Receptacle outlets shall be installed asboth, and shall comply with 210.23(A)(1) and (A)(2).
specified in 210.52 and 210.63.

Exception: The small appliance branch circuits, laundry
branch circuits, and bathroom branch circuits required in (A) Cord Pendants. A cord connector that is supplied by

a permanently connected cord pendant shall be considereda dwelling unit(s) by 210.11(C)(1), (C)(2), and (C)(3) shall
supply only the receptacle outlets specified in that section. a receptacle outlet.
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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).

(1) Spacing. Receptacles shall be installed so that no point(B) Cord Connections. A receptacle outlet shall be in-
stalled wherever flexible cords with attachment plugs are measured horizontally along the floor line in any wall space

is more than 1.8 m (6 ft) from a receptacle outlet.used. Where flexible cords are permitted to be permanently
connected, receptacles shall be permitted to be omitted for
such cords. (2) Wall Space. As used in this section, a wall space shall

include the following:(C) Appliance Outlets. Appliance receptacle outlets in-
stalled in a dwelling unit for specific appliances, such as

(1) Any space 600 mm (2 ft) or more in width (includinglaundry equipment, shall be installed within 1.8 m (6 ft) of
space measured around corners) and unbroken along thethe intended location of the appliance.
floor line by doorways, fireplaces, and similar openings

(2) The space occupied by fixed panels in exterior walls,210.52 Dwelling Unit Receptacle Outlets. This section
excluding sliding panelsprovides requirements for 125-volt, 15- and 20-ampere re-

(3) The space afforded by fixed room dividers such asceptacle outlets. Receptacle outlets required by this section
freestanding bar-type counters or railingsshall be in addition to any receptacle that is part of a lumi-

naire (lighting fixture) or appliance, located within cabinets
(3) Floor Receptacles. Receptacle outlets in floors shallor cupboards, or located more than 1.7 m (51⁄2 ft) above the
not be counted as part of the required number of receptaclefloor.
outlets unless located within 450 mm (18 in.) of the wall.Permanently installed electric baseboard heaters

equipped with factory-installed receptacle outlets or outlets
provided as a separate assembly by the manufacturer shall (B) Small Appliances.
be permitted as the required outlet or outlets for the wall
space utilized by such permanently installed heaters. Such (1) Receptacle Outlets Served. In the kitchen, pantry,
receptacle outlets shall not be connected to the heater cir- breakfast room, dining room, or similar area of a dwelling
cuits. unit, the two or more 20-ampere small-appliance branch

circuits required by 210.11(C)(1) shall serve all wall and
FPN: Listed baseboard heaters include instructions that may

floor receptacle outlets covered by 210.52(A), all countertopnot permit their installation below receptacle outlets.
outlets covered by 210.52(C), and receptacle outlets for re-

(A) General Provisions. In every kitchen, family room, frigeration equipment.
dining room, living room, parlor, library, den, sunroom,
bedroom, recreation room, or similar room or area of dwell- Exception No. 1: In addition to the required receptacles

specified by 210.52, switched receptacles supplied from aing units, receptacle outlets shall be installed in accordance
with the general provisions specified in 210.52(A)(1) general-purpose branch circuit as defined in 210.70(A)(1),

Exception No. 1, shall be permitted.through (A)(3).
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Exception No. 2: The receptacle outlet for refrigeration
equipment shall be permitted to be supplied from an individ-
ual branch circuit rated 15 amperes or greater.

(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.

(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.

(C) Countertops. In kitchens and dining rooms of dwelling
units, receptacle outlets for counter spaces shall be installed
in accordance with 210.52(C)(1) through (C)(5).

(1) Wall Counter Spaces. A receptacle outlet shall be in-
stalled at each wall counter space that is 300 mm (12 in.)
or wider. Receptacle outlets shall be installed so that no
point along the wall line is more than 600 mm (24 in.)

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.)

measured horizontally from a receptacle outlet in that space.
Figure 210.52 Determination of Area Behind Sink or Range.

Exception: Receptacle outlets shall not be required on a
wall directly behind a range or sink in the installation de-
scribed in Figure 210.52. rate countertop spaces in applying the requirements of

210.52(C)(1), (C)(2), and (C)(3).(2) Island Counter Spaces. At least one receptacle shall
be installed at each island counter space with a long dimen-

(5) Receptacle Outlet Location. Receptacle outlets shallsion of 600 mm (24 in.) or greater and a short dimension
be located above, but not more than 500 mm (20 in.) above,of 300 mm (12 in.) or greater. Where a rangetop or sink is
the countertop. Receptacle outlets rendered not readily ac-installed in an island counter and the width of the counter
cessible by appliances fastened in place, appliance garages,behind the rangetop or sink is less than 300 mm (12 in.),
sinks, or rangetops as covered in 210.52(C)(1), Exception,the rangetop or sink is considered to divide the island into
or appliances occupying dedicated space shall not be consid-two separate countertop spaces as defined in 210.52(C)(4).
ered as these required outlets.

(3) Peninsular Counter Spaces. At least one receptacle
Exception to (5): To comply with the conditions specifiedoutlet shall be installed at each peninsular counter space
in (1) or (2), receptacle outlets shall be permitted to bewith a long dimension of 600 mm (24 in.) or greater and a
mounted not more than 300 mm (12 in.) below the coun-short dimension of 300 mm (12 in.) or greater. A peninsular
tertop. Receptacles mounted below a countertop in accor-countertop is measured from the connecting edge.
dance with this exception shall not be located where the
countertop extends more than 150 mm (6 in.) beyond its(4) Separate Spaces. Countertop spaces separated by

rangetops, refrigerators, or sinks shall be considered as sepa- support base.
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210.63 Heating, Air-Conditioning, and Refrigeration(1) Construction for the physically impaired
(2) On island and peninsular countertops where the count- Equipment Outlet. A 125-volt, single-phase, 15- or 20-

ampere-rated receptacle outlet shall be installed at an accessi-ertop is flat across its entire surface (no backsplashes,
dividers, etc.) and there are no means to mount a recep- ble location for the servicing of heating, air-conditioning,

and refrigeration equipment. The receptacle shall be locatedtacle within 500 mm (20 in.) above the countertop, such
as an overhead cabinet on the same level and within 7.5 m (25 ft) of the heating, air-

conditioning, and refrigeration equipment. The receptacle
(D) Bathrooms. In dwelling units, at least one receptacle outlet shall not be connected to the load side of the equipment
outlet shall be installed in bathrooms within 900 mm (3 ft) disconnecting means.
of the outside edge of each basin. The receptacle outlet shall

Exception: A receptacle outlet shall not be required at one-be located on a wall or partition that is adjacent to the basin
and two-family dwellings for the service of evaporative cool-or basin countertop.
ers.

Exception: The receptacle shall not be required to be
FPN: See 210.8 for ground-fault circuit-interrupter require-mounted in the wall or partition where it is installed on the
ments.

side or face of the basin cabinet not more than 300 mm (12
in.) below the countertop.

210.70 Lighting Outlets Required. Lighting outlets shall
be installed where specified in 210.70(A).(E) Outdoor Outlets. For a one-family dwelling and each

unit of a two-family dwelling that is at grade level, at least
(A) Dwelling Units. In dwelling units, lighting outlets shallone receptacle outlet accessible at grade level and not more
be installed in accordance with 210.70(A)(1), (A)(2), andthan 2.0 m (61⁄2 ft) above grade shall be installed at the front
(A)(3).and back of the dwelling.

For each dwelling unit of a multifamily dwelling where (1) Habitable Rooms. At least one wall switch-controlled
the dwelling unit is located at grade level and provided with lighting outlet shall be installed in every habitable room and
individual exterior entrance/egress, at least one receptacle bathroom.
outlet accessible from grade level and not more than 2.0 m
(61⁄2 ft) above grade shall be installed. See 210.8(A)(3). Exception No. 1: In other than kitchens and bathrooms, one

or more receptacles controlled by a wall switch shall be
(F) Laundry Areas. In dwelling units, at least one recepta- permitted in lieu of lighting outlets.
cle outlet shall be installed for the laundry.

Exception No. 2: Lighting outlets shall be permitted to be
Exception No. 1: In a dwelling unit that is an apartment or controlled by occupancy sensors that are (1) in addition to
living area in a multifamily building where laundry facilities wall switches or (2) located at a customary wall switch
are provided on the premises and are available to all building location and equipped with a manual override that will allow
occupants, a laundry receptacle shall not be required. the sensor to function as a wall switch.

Exception No. 2: In other than one-family dwellings where (2) Additional Locations. Additional lighting outlets shall
laundry facilities are not to be installed or permitted, a be installed in accordance with (A)(2)(a), (A)(2)(b), and
laundry receptacle shall not be required. (A)(2)(c).

(G) Basements and Garages. For a one-family dwelling, (a) At least one wall switch-controlled lighting outlet
shall be installed in hallways, stairways, attached garages,at least one receptacle outlet, in addition to any provided

for laundry equipment, shall be installed in each basement and detached garages with electric power.
(b) For dwelling units, attached garages, and detachedand in each attached garage, and in each detached garage

with electric power. See 210.8(A)(2) and (A)(5). Where a garages with electric power, at least one wall switch–
controlled lighting outlet shall be installed to provide illumi-portion of the basement is finished into one or more habitable

rooms, each separate unfinished portion shall have a recepta- nation on the exterior side of outdoor entrances or exits with
grade level access. A vehicle door in a garage shall not becle outlet installed in accordance with this section.
considered as an outdoor entrance or exit.

(c) Where one or more lighting outlet(s) are installed(H) Hallways. In dwelling units, hallways of 3.0 m (10 ft)
or more in length shall have at least one receptacle outlet. for interior stairways, there shall be a wall switch at each

floor level, and landing level that includes an entryway, toAs used in this subsection, the hall length shall be con-
sidered the length along the centerline of the hall without control the lighting outlet(s) where the stairway between

floor levels has six risers or more.passing through a doorway.
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Exception to (A)(2)(a), (A)(2)(b), and (A)(2)(c): In hall- mobile homes need not be larger than service conductors.
Paragraph 310.15(B)(6) shall be permitted to be used forways, stairways, and at outdoor entrances, remote, central,

or automatic control of lighting shall be permitted. conductor size.

FPN No. 1: See Examples D1(a), D1(b), D2(a), D2(b), and(3) Storage or Equipment Spaces. For attics, underfloor
D2(c) 0 in Annex D.spaces, utility rooms, and basements, at least one lighting

outlet containing a switch or controlled by a wall switch FPN No. 2: Conductors for feeders as defined in Article
100, sized to prevent a voltage drop exceeding 3 percent atshall be installed where these spaces are used for storage or
the farthest outlet of power, heating, and lighting loads, orcontain equipment requiring servicing. At least one point of
combinations of such loads, and where the maximum totalcontrol shall be at the usual point of entry to these spaces. voltage drop on both feeders and branch circuits to the

The lighting outlet shall be provided at or near the equipment farthest outlet does not exceed 5 percent, will provide reason-
requiring servicing. able efficiency of operation.

FPN No. 3: See 210.19(A), FPN No. 4, for voltage drop
for branch circuits.

ARTICLE 215
215.3 Overcurrent Protection. Feeders shall be protectedFeeders
against overcurrent in accordance with the provisions of Part
I of Article 240. Where a feeder supplies continuous loads
or any combination of continuous and noncontinuous loads,215.1 Scope. This article covers the installation require-
the rating of the overcurrent device shall not be less thanments, overcurrent protection requirements, minimum size,
the noncontinuous load plus 125 percent of the continuousand ampacity of conductors for feeders supplying branch-
load.circuit loads.
Exception No. 1: Where the assembly, including the overcur-

215.2 Minimum Rating and Size. rent devices protecting the feeder(s), is listed for operation at
100 percent of its rating, the ampere rating of the overcurrent

(A) Feeders Not More Than 600 Volts.
device shall be permitted to be not less than the sum of the
continuous load plus the noncontinuous load.(1) General. Feeder conductors shall have an ampacity not

less than required to supply the load as calculated in Parts
215.5 Diagrams of Feeders. If required by the authorityIII and IV of Article 220. The minimum feeder-circuit con-
having jurisdiction, a diagram showing feeder details shallductor size, before the application of any adjustment or
be provided prior to the installation of the feeders. Such acorrection factors, shall have an allowable ampacity not
diagram shall show the area in square feet of the buildingless than the noncontinuous load plus 125 percent of the
or other structure supplied by each feeder, the total calculatedcontinuous load.
load before applying demand factors, the demand factors

Exception: Where the assembly, including the overcurrent used, the calculated load after applying demand factors, and
devices protecting the feeder(s), is listed for operation at the size and type of conductors to be used.
100 percent of its rating, the allowable ampacity of the
feeder conductors shall be permitted to be not less than the 215.6 Feeder Conductor Grounding Means. Where a
sum of the continuous load plus the noncontinuous load. feeder supplies branch circuits in which equipment ground-

ing conductors are required, the feeder shall include or pro-The size of the feeder circuit grounded conductor shall
vide a grounding means, in accordance with the provisionsnot be smaller than that required by 250.122, except that
of 250.134, to which the equipment grounding conductors250.122(F) shall not apply where grounded conductors are
of the branch circuits shall be connected.run in parallel.

Additional minimum sizes shall be as specified in
215.7 Ungrounded Conductors Tapped from Grounded

215.2(A)(2) and (A)(3) under the conditions stipulated.
Systems. Two-wire dc circuits and ac circuits of two or
more ungrounded conductors shall be permitted to be tapped(2) Ampacity Relative to Service Conductors. The feeder
from the ungrounded conductors of circuits having aconductor ampacity shall not be less than that of the service
grounded neutral conductor. Switching devices in eachconductors where the feeder conductors carry the total load
tapped circuit shall have a pole in each ungrounded conduc-supplied by service conductors with an ampacity of 55 am-
tor.peres or less.

215.9 Ground-Fault Circuit-Interrupter Protection for(3) Individual Dwelling Unit or Mobile Home Conduc-
tors. Feeder conductors for individual dwelling units or Personnel. Feeders supplying 15- and 20-ampere receptacle
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Table 220.3 Additional Load Calculation Referencesbranch circuits shall be permitted to be protected by a
ground-fault circuit interrupter in lieu of the provisions for

Sectionsuch interrupters as specified in 210.8 and 590.6(A).
Calculation Article (or Part)

215.12 Identification for Feeders. Air-Conditioning and Refrigerating 440 Part IV
Equipment, Branch-Circuit(A) Grounded Conductor. The grounded conductor of a
Conductor Sizingfeeder shall be identified in accordance with 200.6.

Fixed Electric Space Heating 424 424.3
Equipment, Branch-Circuit Sizing(B) Equipment Grounding Conductor. The equipment

Storage-Type Water Heaters 422 422.11(E)grounding conductor shall be identified in accordance with
250.119.

system voltages of 120, 120/240, 208Y/120, 240, 347, 480Y/
277, 480, 600Y/347, and 600 volts shall be used.

ARTICLE 220
(B) Fractions of an Ampere. Where calculations result in

Branch-Circuit, Feeder, a fraction of an ampere that is less than 0.5, such fractions
and Service Calculations shall be permitted to be dropped.

II. Branch Circuit Load CalculationsI. General
220.10 General. Branch-circuit loads shall be calculated220.1 Scope. This article provides requirements for calcu-
as shown in 220.12, 220.14, and 220.16.lating branch-circuit, feeder, and service loads. Part I pro-

vides for general requirements for calculation methods. Part
220.12 Lighting Load for Specified Occupancies. A unitII provides calculation methods for branch circuit loads.
load of not less than that specified in Table 220.12 forParts III and IV provide calculation methods for feeders and
occupancies specified therein shall constitute the minimumservices.
lighting load. The floor area for each floor shall be calculated

FPN: See Figure 220.1 for information on the organization from the outside dimensions of the building, dwelling unit,
of Article 220. or other area involved. For dwelling units, the calculated

floor area shall not include open porches, garages, or unused
or unfinished spaces not adaptable for future use.

Table 220.12 General Lighting Loads by Occupancy

Unit Load

Volt-Amperes Volt-Amperes
Type of Occupancy per Square Meter per Square Foot

Dwelling unitsa 33 3

aSee 220.14(J).

220.61
Neutral
Loads

Part I General

Part III
Feeder and
service load
calculations

Part II Branch circuit load calculations

Part IV
Optional 

feeder and 
service load 
calculations

Figure 220.1 Branch-Circuit, Feeder, and Service Calculation FPN: The unit values herein are based on minimum load
Methods. conditions and 100 percent power factor and may not provide

sufficient capacity for the installation contemplated.
220.3 Application of Other Articles. In other articles

220.14 Other Loads — All Occupancies. In all occupanc-applying to the calculation of loads in specialized applica-
ies, the minimum load for each outlet for general-use recepta-tions, there are requirements provided in Table 220.3 that
cles and outlets not used for general illumination shall notare in addition to, or modifications of, those within this
be less than that calculated in 220.14(A) through (E), (I),article.
and (J), the loads shown being based on nominal branch-
circuit voltages.220.5 Calculations.

(A) Specific Appliances or Loads. An outlet for a specific(A) Voltages. Unless other voltages are specified, for pur-
poses of calculating branch-circuit and feeder loads, nominal appliance or other load not covered in 220.14(B) through
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220.18 Maximum Loads. The total load shall not exceed(E), (I), and (J) shall be calculated based on the ampere
rating of the appliance or load served. the rating of the branch circuit, and it shall not exceed the

maximum loads specified in 220.18(A) through (C) under
(B) Electric Dryers and Household Electric Cooking Ap- the conditions specified therein.
pliances. Load calculations shall be permitted as specified
in 220.54 for electric dryers and in 220.55 for electric ranges (A) Motor-Operated and Combination Loads. Where a
and other cooking appliances. circuit supplies only motor-operated loads, Article 430 in

the NEC shall apply. Where a circuit supplies only air-
(C) Motor Loads. Outlets for motor loads shall be calcu- conditioning equipment, refrigerating equipment, or both,
lated in accordance with the requirements in 430.22 in the Article 440 shall apply. For circuits supplying loads con-
NEC, 430.24 in the NEC, and 440.6. sisting of motor-operated utilization equipment that is fas-

tened in place and has a motor larger than 1⁄8 hp in
(D) Luminaires (Lighting Fixtures). An outlet supplying

combination with other loads, the total calculated load shall
luminaire(s) [lighting fixture(s)] shall be calculated based

be based on 125 percent of the largest motor load plus the
on the maximum volt-ampere rating of the equipment and

sum of the other loads.
lamps for which the luminaire(s) [fixture(s)] is rated.

(B) Inductive Lighting Loads. For circuits supplying(E) Heavy-Duty Lampholders. Outlets for heavy-duty
lighting units that have ballasts, transformers, or autotrans-lampholders shall be calculated at a minimum of 600 volt-
formers, the calculated load shall be based on the total am-amperes.
pere ratings of such units and not on the total watts of the
lamps.(I) Receptacle Outlets. Except as covered in 220.14(J),

receptacle outlets shall be calculated at not less than 180
(C) Range Loads. It shall be permissible to apply demandvolt-amperes for each single or for each multiple receptacle
factors for range loads in accordance with Table 220.55,on one yoke. A single piece of equipment consisting of a
including Note 4.multiple receptacle comprised of four or more receptacles

shall be calculated at not less than 90 volt-amperes per
receptacle. This provision shall not be applicable to the III. Feeder and Service Load Calculations
receptacle outlets specified in 210.11(C)(1) and (C)(2).

220.40 General. The calculated load of a feeder or service
(J) Dwelling Occupancies. In one-family, two-family, and shall not be less than the sum of the loads on the branch
multifamily dwellings and in guest rooms or guest suites of circuits supplied, as determined by Part II of this article,
hotels and motels, the outlets specified in (J)(1), (J)(2), and after any applicable demand factors permitted by Parts III
(J)(3) are included in the general lighting load calculations or IV have been applied.
of 220.12. No additional load calculations shall be required

FPN: See Examples D1(a), D1(b), D2(a), D2(b), and D2(c)for such outlets.
in Annex D. See 220.18(B) for the maximum load in amperes
permitted for lighting units operating at less than 100 percent(1) All general-use receptacle outlets of 20-ampere rating
power factor.

or less, including receptacles connected to the circuits
in 210.11(C)(3)

220.42 General Lighting. The demand factors specified in(2) The receptacle outlets specified in 210.52(E) and (G)
Table 220.42 shall apply to that portion of the total branch-(3) The lighting outlets specified in 210.70(A)
circuit load calculated for general illumination. They shall
not be applied in determining the number of branch circuits220.16 Loads for Additions to Existing Installations.
for general illumination.

(A) Dwelling Units. Loads added to an existing dwelling
unit(s) shall comply with the following as applicable:

Table 220.42 Lighting Load Demand Factors
(1) Loads for structural additions to an existing dwelling

unit or for a previously unwired portion of an existing Portion of Lighting Load Demand
Type of to Which Demand Factor Factordwelling unit, either of which exceeds 46.5 m2

Occupancy Applies (Volt-Amperes) (Percent)(500 ft2), shall be calculated in accordance with 220.12
and 220.14.

Dwelling units First 3000 or less at 100(2) Loads for new circuits or extended circuits in previously
From 3001 to 120,000 at 35

wired dwelling units shall be calculated in accordance Remainder over 120,000 at 25
with either 220.12 or 220.14, as applicable.
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220.55 Electric Ranges and Other Cooking Appliances220.50 Motors. Motor loads shall be calculated in accor-
dance with 430.24, 430.25, and 430.26 in the NEC and with — Dwelling Unit(s). The load for household electric

ranges, wall-mounted ovens, counter-mounted cooking440.6 for hermetic refrigerant motor compressors.
units, and other household cooking appliances individually
rated in excess of 13⁄4 kW shall be permitted to be calculated220.51 Fixed Electric Space Heating. Fixed electric space
in accordance with Table 220.55. Kilovolt-amperes (kVA)heating loads shall be calculated at 100 percent of the total
shall be considered equivalent to kilowatts (kW) for loadsconnected load. However, in no case shall a feeder or service
calculated under this section.load current rating be less than the rating of the largest

Where two or more single-phase ranges are suppliedbranch circuit supplied.
by a 3-phase, 4-wire feeder or service, the total load shall

Exception: Where reduced loading of the conductors results be calculated on the basis of twice the maximum number
from units operating on duty-cycle, intermittently, or from connected between any two phases.
all units not operating at the same time, the authority having

FPN No. 1: See Example D5(a) in Annex D in the NEC.jurisdiction may grant permission for feeder and service
conductors to have an ampacity less than 100 percent, pro- FPN No. 3: See examples D1(a), D1(b), D2(a), D2(b), and
vided the conductors have an ampacity for the load so deter- D2(c) in Annex D.
mined.

220.60 Noncoincident Loads. Where it is unlikely that two
220.52 Small Appliance and Laundry Loads — Dwelling or more noncoincident loads will be in use simultaneously,
Unit. it shall be permissible to use only the largest load(s) that

will be used at one time for calculating the total load of a
(A) Small Appliance Circuit Load. In each dwelling unit, feeder or service.
the load shall be calculated at 1500 volt-amperes for each
2-wire small-appliance branch circuit required by

220.61 Feeder or Service Neutral Load.210.11(C)(1). Where the load is subdivided through two or
more feeders, the calculated load for each shall include not (A) Basic Calculation. The feeder or service neutral load
less than 1500 volt-amperes for each 2-wire small-appliance shall be the maximum unbalance of the load determined by
branch circuit. These loads shall be permitted to be included this article. The maximum unbalanced load shall be the
with the general lighting load and subjected to the demand maximum net calculated load between the neutral and any
factors provided in Table 220.42. one ungrounded conductor.

Exception: The individual branch circuit permitted by Exception: For 3-wire, 2-phase or 5-wire, 2-phase systems,
210.52(B)(1), Exception No. 2, shall be permitted to be the maximum unbalanced load shall be the maximum net
excluded from the calculation required by 220.52. calculated load between the neutral and any one ungrounded

conductor multiplied by 140 percent.
(B) Laundry Circuit Load. A load of not less than 1500
volt-amperes shall be included for each 2-wire laundry (B) Permitted Reductions. A service or feeder supplying
branch circuit installed as required by 210.11(C)(2). This the following loads shall be permitted to have an additional
load shall be permitted to be included with the general light- demand factor of 70 percent applied to the amount in
ing load and subjected to the demand factors provided in 220.61(B)(1) or portion of the amount in 220.61(B)(2) deter-
Table 220.42. mined by the basic calculation:

(1) A feeder or service supplying household electric ranges,
220.53 Appliance Load — Dwelling Unit(s). It shall be

wall-mounted ovens, counter-mounted cooking units,
permissible to apply a demand factor of 75 percent to the

and electric dryers, where the maximum unbalanced
nameplate rating load of four or more appliances fastened

load has been determined in accordance with Table
in place, other than electric ranges, clothes dryers, space-

220.55 for ranges and 220.54 for dryers
heating equipment, or air-conditioning equipment, that are

(2) That portion of the unbalanced load in excess of 200
served by the same feeder or service in a one-family, two-

amperes where the feeder or service is supplied from a
family, or multifamily dwelling.

3-wire dc or single-phase ac system, or a 4-wire, 3-
phase; 3-wire, 2-phase system, or a 5-wire, 2-phase

220.54 Electric Clothes Dryers — Dwelling Unit(s). The system
load for household electric clothes dryers in a dwelling
unit(s) shall be either 5000 watts (volt-amperes) or the name- (C) Prohibited Reductions. There shall be no reduction

of the neutral or grounded conductor capacity applied to theplate rating, whichever is larger, for each dryer served.
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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

Column A Column B Maximum Demand (kW) (See
Number of Appliances (Less than 31⁄2 kW Rating) (31⁄2 kW to 83⁄4 kW Rating) Notes) (Not over 12 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

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.
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.
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.
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.

amount in 220.61(C)(1), or portion of the amount in (C)(2), single 120/240-volt or 208Y/120-volt set of 3-wire service
or feeder conductors with an ampacity of 100 or greater. Itfrom that determined by the basic calculation:
shall be permissible to calculate the feeder and service loads

(1) Any portion of a 3-wire circuit consisting of 2-phase in accordance with this section instead of the method speci-
wires and the neutral of a 4-wire, 3-phase, wye- fied in Part III of this article. The calculated load shall be
connected system the result of adding the loads from 220.82(B) and (C). Feeder

(2) That portion consisting of nonlinear loads supplied from and service-entrance conductors whose calculated load is
a 4-wire, wye-connected, 3-phase system determined by this optional calculation shall be permitted

to have the neutral load determined by 220.61.FPN No. 1: See Examples D1(a), D1(b), and D2(b) in Annex
D.

(B) General Loads. The general calculated load shall be
not less than 100 percent of the first 10 kVA plus 40 percent

IV. Optional Feeder and Service Load Calculations of the remainder of the following loads:

220.80 General. Optional feeder and service load calcula-
(1) 33 volt-amperes/m2 or 3 volt-amperes/ft2 for generaltions shall be permitted in accordance with Part IV.

lighting and general-use receptacles. The floor area for
each floor shall be calculated from the outside dimen-220.82 Dwelling Unit.
sions of the dwelling unit. The calculated floor area
shall not include open porches, garages, or unused or(A) Feeder and Service Load. This section applies to a

dwelling unit having the total connected load served by a unfinished spaces not adaptable for future use.
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(2) 1500 volt-amperes for each 2-wire, 20-ampere small- (2) 1500 volt-amperes for each 2-wire, 20-ampere small-
appliance branch circuit and each laundry branch circuitappliance branch circuit and each laundry branch circuit

specified in 220.52. specified in 220.52
(3) Household range(s), wall-mounted oven(s), and(3) The nameplate rating of all appliances that are fastened

in place, permanently connected, or located to be on a counter-mounted cooking unit(s)
(4) All other appliances that are permanently connected,specific circuit, ranges, wall-mounted ovens, counter-

mounted cooking units, clothes dryers, and water heat- fastened in place, or connected to a dedicated circuit,
at nameplate ratingers.

(4) The nameplate ampere or kVA rating of all motors and
(B) Where Additional Air-Conditioning Equipment orof all low-power-factor loads.
Electric Space-Heating Equipment Is to Be Installed.

(C) Heating and Air-Conditioning Load. The largest of The following formula shall be used for existing and
the following six selections (load in kVA) shall be included: additional new loads. The larger connected load of air-

conditioning or space-heating, but not both, shall be used.(1) 100 percent of the nameplate rating(s) of the air condi-
tioning and cooling.

Percent
(2) 100 percent of the nameplate rating(s) of the heating Load of Load

when a heat pump is used without any supplemental
electric heating. Air-conditioning equipment 100

Central electric space heating 100(3) 100 percent of the nameplate ratings of electric thermal
Less than four separately controlled space-heating 100storage and other heating systems where the usual load

unitsis expected to be continuous at the full nameplate value.
First 8 kVA of all other loads 100Systems qualifying under this selection shall not be
Remainder of all other loads 40calculated under any other selection in 220.82(C).

(4) 100 percent of the nameplate rating(s) of the heat pump
compressor and 65 percent of the supplemental electric Other loads shall include the following:
heating for central electric space heating systems. If the

(1) General lighting and general-use receptacles at 33 volt-heat pump compressor is prevented from operating at
amperes/m2 or 3 volt-amperes/ft2 as determined bythe same time as the supplementary heat, it does not
220.12need to be added to the supplementary heat for the total

(2) 1500 volt-amperes for each 2-wire, 20-ampere small-central space heating load.
appliance branch circuit and each laundry branch circuit(5) 65 percent of the nameplate rating(s) of electric space
specified in 220.52heating if less than four separately controlled units.

(3) Household range(s), wall-mounted oven(s), and(6) 40 percent of the nameplate rating(s) of electric space
counter-mounted cooking unit(s)heating if four or more separately controlled units.

(4) All other appliances that are permanently connected,
220.83 Existing Dwelling Unit. This section shall be per- fastened in place, or connected to a dedicated circuit,
mitted to be used to determine if the existing service or including four or more separately controlled space-
feeder is of sufficient capacity to serve additional loads. heating units, at nameplate rating
Where the dwelling unit is served by a 120/240-volt or
208Y/120-volt, 3-wire service, it shall be permissible to
calculate the total load in accordance with 220.83(A) or (B).

ARTICLE 225
(A) Where Additional Air-Conditioning Equipment or Outside Branch Circuits and FeedersElectric Space-Heating Equipment Is Not to Be In-
stalled. The following formula shall be used for existing
and additional new loads.

225.1 Scope. This article covers requirements for outside
Load (kVA) Percent of Load branch circuits and feeders run on or between buildings,

structures, or poles on the premises; and electric equipmentFirst 8 kVA of load at 100
and wiring for the supply of utilization equipment that isRemainder of load at 40
located on or attached to the outside of buildings, structures,
or poles.

Load calculations shall include the following:

225.2 Other Articles. Application of other articles, includ-(1) General lighting and general-use receptacles at 33 volt-
amperes/m2 or 3 volt-amperes/ft2 as determined by ing additional requirements to specific cases of equipment

and conductors, is shown in Table 225.2.220.12
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Table 225.2 Other Articles 225.6 Conductor Size and Support.

(A) Overhead Spans. Open individual conductors shallEquipment/Conductors Article
not be smaller than the following:

Branch circuits 210
(1) For 600 volts, nominal, or less, 10 AWG copper or 8Class 1, Class 2, and Class 3 remote-control, 725

AWG aluminum for spans up to 15 m (50 ft) in length,signaling, and power-limited circuits
and 8 AWG copper or 6 AWG aluminum for a longerCommunications circuits 800
span unless supported by a messenger wireCommunity antenna television and radio distribution 820

systems
(B) Festoon Lighting. Overhead conductors for festoonConductors for general wiring 310
lighting shall not be smaller than 12 AWG unless the conduc-Feeders 215
tors are supported by messenger wires. In all spans exceedingFire alarm systems 760

Fixed outdoor electric deicing and snow-melting 426* 12 m (40 ft), the conductors shall be supported by messenger
equipment wire. The messenger wire shall be supported by strain insula-

Floating buildings 553* tors. Conductors or messenger wires shall not be attached
Grounding 250 to any fire escape, downspout, or plumbing equipment.
Messenger supported wiring 396*
Mobile homes, manufactured homes, and mobile 550 225.7 Lighting Equipment Installed Outdoors.

home parks
Open wiring on insulators 398* (A) General. For the supply of lighting equipment installed
Overcurrent protection 240 outdoors, the branch circuits shall comply with Article 210,
Services 230 225.7(B), and 225.7(C) and (D) in the NEC.
Solar photovoltaic systems 690*
Swimming pools, fountains, and similar installations 680 (B) Common Neutral. The ampacity of the neutral con-
Use and identification of grounded conductors 200 ductor shall not be less than the maximum net computed load

current between the neutral and all ungrounded conductors
* Article is in the NEC. connected to any one phase of the circuit.

225.10 Wiring on Buildings. The installation of outside
I. General wiring on surfaces of buildings shall be permitted for circuits

of not over 600 volts, nominal, as open wiring on insulators,225.3 Calculation of Loads 600 Volts, Nominal, or Less.
as multiconductor cable, as Type MC cable, as Type MI

(A) Branch Circuits. The load on outdoor branch circuits cable, as messenger supported wiring, in rigid metal conduit,
shall be as determined by 220.10. in intermediate metal conduit, in rigid nonmetallic conduit,

in cable trays, as cablebus, in wireways, in auxiliary gutters,
(B) Feeders. The load on outdoor feeders shall be as deter- in electrical metallic tubing, in flexible metal conduit, in
mined by Part III of Article 220. liquidtight flexible metal conduit, in liquidtight flexible non-

metallic conduit, and in busways.
225.4 Conductor Covering. Where within 3.0 m (10 ft)

225.11 Circuit Exits and Entrances. Where outsideof any building or structure other than supporting poles or
branch and feeder circuits leave or enter a building, thetowers, open individual (aerial) overhead conductors shall
requirements of 230.52 in the NEC and 230.54 shall apply.be insulated or covered. Conductors in cables or raceways,

except Type MI cable, shall be of the rubber-covered type
225.12 Open-Conductor Supports. Open conductorsor thermoplastic type and, in wet locations, shall comply
shall be supported on glass or porcelain knobs, racks, brack-with 310.8. Conductors for festoon lighting shall be of the
ets, or strain insulators.rubber-covered or thermoplastic type.

Exception: Equipment grounding conductors and grounded 225.14 Open-Conductor Spacings.
circuit conductors shall be permitted to be bare or covered

(A) 600 Volts, Nominal, or Less. Conductors of 600 volts,as specifically permitted elsewhere in this Code.
nominal, or less, shall comply with the spacings provided
in Table 230.51(C) in the NEC.

225.5 Size of Conductors 600 Volts, Nominal, or Less.
The ampacity of outdoor branch-circuit and feeder conduc- (C) Separation from Other Circuits. Open conductors

shall be separated from open conductors of other circuits ortors shall be in accordance with 310.15 based on loads as
determined under 220.10 and Part III of Article 220. systems by not less than 100 mm (4 in.).
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Exception No. 2: Where the voltage between conductors225.15 Supports over Buildings. Supports over a building
shall be in accordance with 230.29. does not exceed 300, and the roof has a slope of 100 mm

in 300 mm (4 in. in 12 in.) or greater, a reduction in clearance
to 900 mm (3 ft) shall be permitted.225.16 Attachment to Buildings.

Exception No. 3: Where the voltage between conductors(A) Point of Attachment. The point of attachment to a
does not exceed 300, a reduction in clearance above onlybuilding shall be in accordance with 230.26.
the overhanging portion of the roof to not less than 450 mm

(B) Means of Attachment. The means of attachment to a (18 in.) shall be permitted if (1) not more than 1.8 m (6 ft)
building shall be in accordance with 230.27. of the 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.225.17 Masts as Supports. Where a mast is used for the

support of final spans of feeders or branch circuits, it shall
Exception No. 4: The requirement for maintaining the verti-be of adequate strength or be supported by braces or guys
cal clearance 900 mm (3 ft) from the edge of the roof shallto withstand safely the strain imposed by the overhead drop.
not apply to the final conductor span where the conductorsWhere raceway-type masts are used, all raceway fittings
are attached to the side of a building.shall be identified for use with masts. Only the feeder or

branch circuit conductors specified within this section shall
(B) From Nonbuilding or Nonbridge Structures. Frombe permitted to be attached to the feeder and/or branch circuit
signs, chimneys, radio and television antennas, tanks, andmast.
other nonbuilding or nonbridge structures, clearances —
vertical, diagonal, and horizontal — shall not be less than

225.18 Clearance from Ground. Overhead spans of open 900 mm (3 ft).
conductors and open multiconductor cables of not over 600
volts, nominal, shall have a clearance of not less than the (C) Horizontal Clearances. Clearances shall not be less
following: than 900 mm (3 ft).

(1) 3.0 m (10 ft) — above finished grade, sidewalks, or (D) Final Spans. Final spans of feeders or branch circuits
from any platform or projection from which they might shall comply with 225.19(D)(1), (D)(2), and (D)(3).
be reached where the voltage does not exceed 150 volts
to ground and accessible to pedestrians only (1) Clearance from Windows. Final spans to the building

(2) 3.7 m (12 ft) — over residential property and driveways, they supply, or from which they are fed, shall be permitted
and those commercial areas not subject to truck traffic to be attached to the building, but they shall be kept not
where the voltage does not exceed 300 volts to ground less than 900 mm (3 ft) from windows that are designed to

(3) 4.5 m (15 ft) — for those areas listed in the 3.7 m (12 be opened, and from doors, porches, balconies, ladders,
ft) classification where the voltage exceeds 300 volts stairs, fire escapes, or similar locations.
to ground

(4) 5.5 m (18 ft) — over public streets, alleys, roads, parking Exception: Conductors run above the top level of a window
areas subject to truck traffic, driveways on other than shall be permitted to be less than the 900-mm (3-ft) require-
residential property, and other land traversed by vehi- ment.
cles, such as cultivated, grazing, forest, and orchard

(2) Vertical Clearance. The vertical clearance of final
spans above, or within 900 mm (3 ft) measured horizontally225.19 Clearances from Buildings for Conductors of Not
of, platforms, projections, or surfaces from which they mightOver 600 Volts, Nominal.
be reached shall be maintained in accordance with 225.18.

(A) Above Roofs. Overhead spans of open conductors and
open multiconductor cables shall have a vertical clearance (3) Building Openings. The overhead branch-circuit and
of not less than 2.5 m (8 ft) above the roof surface. The feeder conductors shall not be installed beneath openings
vertical clearance above the roof level shall be maintained through which materials may be moved, such as openings
for a distance not less than 900 mm (3 ft) in all directions in farm and commercial buildings, and shall not be installed
from the edge of the roof. where they obstruct entrance to these buildings’ openings.

Exception No. 1: The area above a roof surface subject to
225.20 Mechanical Protection of Conductors. Mechani-pedestrian or vehicular traffic shall have a vertical clear-

ance from the roof surface in accordance with the clearance cal protection of conductors on buildings, structures, or poles
shall be as provided for services in 230.50.requirements of 225.18.
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225.31 Disconnecting Means. Means shall be provided for225.21 Multiconductor Cables on Exterior Surfaces of
Buildings. Supports for multiconductor cables on exterior disconnecting all ungrounded conductors that supply or pass

through the building or structure.surfaces of buildings shall be as provided in 230.51.

225.32 Location. The disconnecting means shall be in-225.22 Raceways on Exterior Surfaces of Buildings or
stalled either inside or outside of the building or structureOther Structures. Raceways on exteriors of buildings or
served or where the conductors pass through the buildingother structures shall be arranged to drain and shall be rain-
or structure. The disconnecting means shall be at a readilytight in wet locations.
accessible location nearest the point of entrance of the con-

Exception: Flexible metal conduit, where permitted in ductors. For the purposes of this section, the requirements
348.12(1), shall not be required to be raintight. in 230.6 shall be utilized.

225.33 Maximum Number of Disconnects.225.24 Outdoor Lampholders. Where outdoor lamphold-
ers are attached as pendants, the connections to the circuit

(A) General. The disconnecting means for each supply
wires shall be staggered. Where such lampholders have ter-

permitted by 225.30 shall consist of not more than six
minals of a type that puncture the insulation and make con-

switches or six circuit breakers mounted in a single enclo-
tact with the conductors, they shall be attached only to

sure, in a group of separate enclosures, or in or on a switch-
conductors of the stranded type.

board. There shall be no more than six disconnects per
supply grouped in any one location.

225.25 Location of Outdoor Lamps. Locations of lamps
(B) Single-Pole Units. Two or three single-pole switchesfor outdoor lighting shall be below all energized conductors,
or breakers capable of individual operation shall be permittedtransformers, or other electric utilization equipment, unless
on multiwire circuits, one pole for each ungrounded conduc-either of the following apply:
tor, as one multipole disconnect, provided they are equipped
with handle ties or a master handle to disconnect all un-(1) Clearances or other safeguards are provided for relamp-

ing operations. grounded conductors with no more than six operations of
the hand.(2) Equipment is controlled by a disconnecting means that

can be locked in the open position.

225.34 Grouping of Disconnects.
225.26 Vegetation as Support. Vegetation such as trees (A) General. The two to six disconnects as permitted in
shall not be used for support of overhead conductor spans. 225.33 shall be grouped. Each disconnect shall be marked

to indicate the load served.

II. More Than One Building or Other Structure Exception: One of the two to six disconnecting means per-
mitted in 225.33, where used only for a water pump also225.30 Number of Supplies. Where more than one build-
intended to provide fire protection, shall be permitted to being or other structure is on the same property and under single
located remote from the other disconnecting means.management, each additional building or other structure that

is served by a branch circuit or feeder on the load side of (B) Additional Disconnecting Means. The one or more
the service disconnecting means shall be supplied by only additional disconnecting means for fire pumps or for emer-
one feeder or branch circuit unless permitted in 225.30(A) gency, legally required standby or optional standby system
or (D). For the purpose of this section, a multiwire branch permitted by 225.30 shall be installed sufficiently remote
circuit shall be considered a single circuit. from the one to six disconnecting means for normal supply

to minimize the possibility of simultaneous interruption of
(A) Special Conditions. Additional feeders or branch cir-

supply.
cuits shall be permitted to supply the following:

225.35 Access to Occupants. In a multiple-occupancy(4) Optional standby systems
building, each occupant shall have access to the occupant’s(5) Parallel power production systems
supply disconnecting means.

(D) Different Characteristics. Additional feeders or
225.36 Suitable for Service Equipment. The discon-branch circuits shall be permitted for different voltages,

frequencies, or phases or for different uses, such as control necting means specified in 225.31 shall be suitable for use
as service equipment.of outside lighting from multiple locations.
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Exception: For garages and outbuildings on residential circuit disconnecting means shall have a rating of not less
than 15 amperes.property, a snap switch or a set of 3-way or 4-way snap

switches shall be permitted as the disconnecting means.
(B) Two-Circuit Installations. For installations consisting
of not more than two 2-wire branch circuits, the feeder or225.37 Identification. Where a building or structure has
branch-circuit disconnecting means shall have a rating ofany combination of feeders, branch circuits, or services pass-
not less than 30 amperes.ing through it or supplying it, a permanent plaque or directory

shall be installed at each feeder and branch-circuit disconnect (C) One-Family Dwelling. For a one-family dwelling, the
location denoting all other services, feeders, or branch cir- feeder disconnecting means shall have a rating of not less
cuits supplying that building or structure or passing through than 100 amperes, 3-wire.
that building or structure and the area served by each.

(D) All Others. For all other installations, the feeder or
Exception No. 2: This identification shall not be required branch-circuit disconnecting means shall have a rating of
for branch circuits installed from a dwelling unit to a second not less than 60 amperes.
building or structure.

225.38 Disconnect Construction. Disconnecting means ARTICLE 230
shall meet the requirements of 225.38(A) through (D).

Services
Exception: For garages and outbuildings on residential
property, snap switches or sets of 3-way or 4-way snap
switches shall be permitted as the disconnecting means. 230.1 Scope. This article covers service conductors and

equipment for control and protection of services and their(A) Manually or Power Operable. The disconnecting
installation requirements.means shall consist of either (1) a manually operable switch

FPN: See Figure 230.1.or a circuit breaker equipped with a handle or other suitable
operating means or (2) a power-operable switch or circuit
breaker, provided the switch or circuit breaker can be opened I. General
by hand in the event of a power failure.

230.2 Number of Services. A building or other structure
(B) Simultaneous Opening of Poles. Each building or served shall be supplied by only one service unless permitted
structure disconnecting means shall simultaneously discon- in 230.2 (D). For the purpose of 230.40, Exception No. 2
nect all ungrounded supply conductors that it controls from only, underground sets of conductors, 1/0 AWG and larger,
the building or structure wiring system. running to the same location and connected together at their

supply end but not connected together at their load end shall
(C) Disconnection of Grounded Conductor. Where the

be considered to be supplying one service.
building or structure disconnecting means does not discon-
nect the grounded conductor from the grounded conductors (D) Different Characteristics. Additional services shall
in the building or structure wiring, other means shall be be permitted for different voltages, frequencies, or phases,
provided for this purpose at the location of disconnecting or for different uses, such as for different rate schedules.
means. A terminal or bus to which all grounded conductors

(E) Identification. Where a building or structure is sup-can be attached by means of pressure connectors shall be
plied by more than one service, or any combination of branchpermitted for this purpose.
circuits, feeders, and services, a permanent plaque or direc-
tory shall be installed at each service disconnect location(D) Indicating. The building or structure disconnecting
denoting all other services, feeders, and branch circuits sup-means shall plainly indicate whether it is in the open or
plying that building or structure and the area served by each.closed position.
See 225.37.

225.39 Rating of Disconnect. The feeder or branch-circuit
230.3 One Building or Other Structure Not to Be Sup-disconnecting means shall have a rating of not less than the
plied Through Another. Service conductors supplying aload to be supplied, determined in accordance with Parts I
building or other structure shall not pass through the interiorand II of Article 220 for branch circuits, Parts III or IV of
of another building or other structure.Article 220 for feeders. In no case shall the rating be lower

than specified in 225.39(A), (B), (C), or (D).
230.6 Conductors Considered Outside the Building.
Conductors shall be considered outside of a building or other(A) One-Circuit Installation. For installations to supply

only limited loads of a single branch circuit, the branch structure under any of the following conditions:
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230.8 Raceway Seal. Where a service raceway enters a
building or structure from an underground distribution sys-
tem, it shall be sealed in accordance with 300.5(G). Spare
or unused raceways shall also be sealed. Sealants shall be
identified for use with the cable insulation, shield, or other
components.

230.9 Clearances on Buildings. Service conductors and
final spans shall comply with 230.9(A) and (B).

(A) Clearances. Service conductors installed as open con-
ductors or multiconductor cable without an overall outer
jacket shall have a clearance of not less than 900 mm (3 ft)
from windows that are designed to be opened, doors,
porches, balconies, ladders, stairs, fire escapes, or similar
locations.

Exception: Conductors run above the top level of a window
shall be permitted to be less than the 900-mm (3-ft) require-
ment.

(B) Vertical Clearance. The vertical clearance of final
spans above, or within 900 mm (3 ft) measured horizontally
of, platforms, projections, or surfaces from which they might
be reached shall be maintained in accordance with
230.24(B).

230.10 Vegetation as Support. Vegetation such as trees
shall not be used for support of overhead service conductors.

Source

Overhead
Last pole

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

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

*Part VIII in the NEC

Underground
Street main

Part VI

II. Overhead Service-Drop Conductors
Figure 230.1 Services.

230.22 Insulation or Covering. Individual conductors
shall be insulated or covered.

Exception: The grounded conductor of a multiconductor
(1) Where installed under not less than 50 mm (2 in.) of

cable shall be permitted to be bare.
concrete beneath a building or other structure

(2) Where installed within a building or other structure in
230.23 Size and Rating.a raceway that is encased in concrete or brick not less

than 50 mm (2 in.) thick (A) General. Conductors shall have sufficient ampacity to
(3) Where installed in any vault that meets the construction carry the current for the load as calculated in accordance with

requirements of Article 450, Part III in the NEC Article 220 and shall have adequate mechanical strength.
(4) Where installed in conduit and under not less than 450

mm (18 in.) of earth beneath a building or other structure (B) Minimum Size. The conductors shall not be smaller
than 8 AWG copper or 6 AWG aluminum or copper-clad
aluminum.230.7 Other Conductors in Raceway or Cable. Conduc-

tors other than service conductors shall not be installed in
Exception: Conductors supplying only limited loads of athe same service raceway or service cable.
single branch circuit — such as small polyphase power,
controlled water heaters, and similar loads — shall not beException No. 1: Grounding conductors and bonding
smaller than 12 AWG hard-drawn copper or equivalent.jumpers.

(C) Grounded Conductors. The grounded conductor shallException No. 2: Load management control conductors hav-
ing overcurrent protection. not be less than the minimum size as required by 250.24(C).

NFPA 70A NATIONAL ELECTRICAL CODE� REQUIREMENTS FOR ONE- AND TWO-FAMILY DWELLINGS 2005 Edition



70A–36 ARTICLE 230 — SERVICES

(C) Clearance from Building Openings. See 230.9.230.24 Clearances. Service-drop conductors shall not be
readily accessible and shall comply with 230.24(A) through

(D) Clearance from Swimming Pools. See 680.8.(D) for services not over 600 volts, nominal.

(A) Above Roofs. Conductors shall have a vertical clear- 230.26 Point of Attachment. The point of attachment of
ance of not less than 2.5 m (8 ft) above the roof surface. The the service-drop conductors to a building or other structure
vertical clearance above the roof level shall be maintained for shall provide the minimum clearances as specified in 230.9
a distance of not less than 900 mm (3 ft) in all directions and 230.24. In no case shall this point of attachment be less
from the edge of the roof. than 3.0 m (10 ft) above finished grade.

Exception No. 1: The area above a roof surface subject to
230.27 Means of Attachment. Multiconductor cables usedpedestrian or vehicular traffic shall have a vertical clear-
for service drops shall be attached to buildings or otherance from the roof surface in accordance with the clearance
structures by fittings identified for use with service conduc-requirements of 230.24(B).
tors. Open conductors shall be attached to fittings identified

Exception No. 2: Where the voltage between conductors for use with service conductors or to noncombustible, nonab-
does not exceed 300 and the roof has a slope of 100 mm in sorbent insulators securely attached to the building or other
300 mm (4 in. in 12 in.) or greater, a reduction in clearance structure.
to 900 mm (3 ft) shall be permitted.

230.28 Service Masts as Supports. Where a service mastException No. 3: Where the voltage between conductors
is used for the support of service-drop conductors, it shalldoes not exceed 300, a reduction in clearance above only
be of adequate strength or be supported by braces or guysthe overhanging portion of the roof to not less than 450 mm
to withstand safely the strain imposed by the service drop.(18 in.) shall be permitted if (1) not more than 1.8 m (6 ft)
Where raceway-type service masts are used, all racewayof service-drop conductors, 1.2 m (4 ft) horizontally, pass
fittings shall be identified for use with service masts. Onlyabove the roof overhang, and (2) they are terminated at a
power service-drop conductors shall be permitted to bethrough-the-roof raceway or approved support.
attached to a service mast.

FPN: See 230.28 for mast supports.

230.29 Supports over Buildings. Service-drop conductors
Exception No. 4: The requirement for maintaining the verti-

passing over a roof shall be securely supported by substantial
cal clearance 900 mm (3 ft) from the edge of the roof shall

structures. Where practicable, such supports shall be inde-
not apply to the final conductor span where the service drop

pendent of the building.
is attached to the side of a building.

(B) Vertical Clearance from Ground. Service-drop con- III. Underground Service-Lateral Conductors
ductors, where not in excess of 600 volts, nominal, shall

230.30 Insulation. Service-lateral conductors shall be in-have the following minimum clearance from final grade:
sulated for the applied voltage.

(1) 3.0 m (10 ft) — at the electric service entrance to build-
Exception: A grounded conductor shall be permitted to beings, also at the lowest point of the drip loop of the
uninsulated as follows:building electric entrance, and above areas or sidewalks

accessible only to pedestrians, measured from final (1) Bare copper used in a raceway.
grade or other accessible surface only for service-drop (2) Bare copper for direct burial where bare copper is
cables supported on and cabled together with a grounded judged to be suitable for the soil conditions.
bare messenger where the voltage does not exceed 150 (3) Bare copper for direct burial without regard to soil
volts to ground conditions where part of a cable assembly identified for

(2) 3.7 m (12 ft) — over residential property and driveways, underground use.
and those commercial areas not subject to truck traffic (4) Aluminum or copper-clad aluminum without individual
where the voltage does not exceed 300 volts to ground insulation or covering where part of a cable assembly

(3) 4.5 m (15 ft) — for those areas listed in the 3.7-m identified for underground use in a raceway or for direct
(12-ft) classification where the voltage exceeds 300 burial.
volts to ground

(4) 5.5 m (18 ft) — over public streets, alleys, roads, parking 230.31 Size and Rating.
areas subject to truck traffic, driveways on other than
residential property, and other land such as cultivated, (A) General. Service-lateral conductors shall have suffi-

cient ampacity to carry the current for the load as calculatedgrazing, forest, and orchard
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230.41 Insulation of Service-Entrance Conductors.in accordance with Article 220 and shall have adequate
mechanical strength. Service-entrance conductors entering or on the exterior of

buildings or other structures shall be insulated.
(B) Minimum Size. The conductors shall not be smaller

Exception: A grounded conductor shall be permitted to bethan 8 AWG copper or 6 AWG aluminum or copper-clad
uninsulated as follows:aluminum.

(1) Bare copper used in a raceway or part of a serviceException: Conductors supplying only limited loads of a
cable assembly.single branch circuit — such as small polyphase power,

(2) Bare copper for direct burial where bare copper iscontrolled water heaters, and similar loads — shall not be
judged to be suitable for the soil conditions.smaller than 12 AWG copper or 10 AWG aluminum or

(3) Bare copper for direct burial without regard to soilcopper-clad aluminum.
conditions where part of a cable assembly identified for

(C) Grounded Conductors. The grounded conductor shall underground use.
not be less than the minimum size required by 250.24(C). (4) Aluminum or copper-clad aluminum without individual

insulation or covering where part of a cable assembly
230.32 Protection Against Damage. Underground ser- or identified for underground use in a raceway, or for
vice-lateral conductors shall be protected against damage in direct burial.
accordance with 300.5. Service-lateral conductors entering (5) Bare conductors used in an auxiliary gutter.
a building shall be installed in accordance with 230.6 or
protected by a raceway wiring method identified in 230.43. 230.42 Minimum Size and Rating.

(A) General. The ampacity of the service-entrance conduc-230.33 Spliced Conductors. Service-lateral conductors
tors before the application of any adjustment or correctionshall be permitted to be spliced or tapped in accordance with
factors shall not be less than either (A)(1) or (A)(2). Loads110.14, 300.5(E), 300.13, and 300.15.
shall be determined in accordance with Article 220. Ampac-
ity shall be determined from 310.15. The maximum allow-
able current of busways shall be that value for which theIV. Service-Entrance Conductors
busway has been listed or labeled.

230.40 Number of Service-Entrance Conductor Sets.
Each service drop or lateral shall supply only one set of (1) The sum of the noncontinuous loads plus 125 percent
service-entrance conductors. of continuous loads

(2) The sum of the noncontinuous load plus the continuousException No. 1: A building shall be permitted to have
load if the service-entrance conductors terminate in anone set of service-entrance conductors for each service,
overcurrent device where both the overcurrent deviceas defined in 230.2, run to each occupancy or group of
and its assembly are listed for operation at 100 percentoccupancies.
of their rating

Exception No. 2: Where two to six service disconnecting
(B) Specific Installations. In addition to the requirementsmeans in separate enclosures are grouped at one location
of 230.42(A), the minimum ampacity for ungrounded con-and supply separate loads from one service drop or lateral,
ductors for specific installations shall not be less than theone set of service-entrance conductors shall be permitted to
rating of the service disconnecting means specified insupply each or several such service equipment enclosures.
230.79(C) and (D).

Exception No. 3: A single-family dwelling unit and a sepa-
(C) Grounded Conductors. The grounded conductor shallrate structure shall be permitted to have one set of service-
not be less than the minimum size as required by 250.24(C).entrance conductors run to each from a single service drop

or lateral.
230.43 Wiring Methods for 600 Volts, Nominal, or Less.

Exception No. 4: A two-family dwelling or a multifamily
Service-entrance conductors shall be installed in accordance

dwelling shall be permitted to have one set of service-
with the applicable requirements of this Code covering the

entrance conductors installed to supply the circuits covered
type of wiring method used and shall be limited to the

in 210.25.
following methods:

Exception No. 5: One set of service-entrance conductors
(1) Open wiring on insulatorsconnected to the supply side of the normal service discon-

necting means shall be permitted to supply each or several (2) Type IGS cable
(3) Rigid metal conduitsystems covered by 230.82(5) or 230.82(6).
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(A) Service Cables. Service cables shall be supported by(4) Intermediate metal conduit
(5) Electrical metallic tubing straps or other approved means within 300 mm (12 in.) of

every service head, gooseneck, or connection to a raceway(6) Electrical nonmetallic tubing (ENT)
(7) Service-entrance cables or enclosure and at intervals not exceeding 750 mm (30 in.).
(8) Wireways

(B) Other Cables. Cables that are not approved for mount-(9) Busways
ing in contact with a building or other structure shall be(10) Auxiliary gutters
mounted on insulating supports installed at intervals not(11) Rigid nonmetallic conduit
exceeding 4.5 m (15 ft) and in a manner that maintains a(12) Cablebus
clearance of not less than 50 mm (2 in.) from the surface(13) Type MC cable
over which they pass.(14) Mineral-insulated, metal-sheathed cable

(15) Flexible metal conduit not over 1.8 m (6 ft) long or
230.53 Raceways to Drain. Where exposed to the weather,liquidtight flexible metal conduit not over 1.8 m (6 ft)
raceways enclosing service-entrance conductors shall belong between raceways, or between raceway and ser-
raintight and arranged to drain. Where embedded in masonry,vice equipment, with equipment bonding jumper routed
raceways shall be arranged to drain.with the flexible metal conduit or the liquidtight flexi-

ble metal conduit according to the provisions of
Exception: As permitted in 348.12(1).250.102(A), (B), (C), and (E)

(16) Liquidtight flexible nonmetallic conduit
230.54 Overhead Service Locations.

230.46 Spliced Conductors. Service-entrance conductors (A) Raintight Service Head. Service raceways shall be
shall be permitted to be spliced or tapped in accordance with equipped with a raintight service head at the point of connec-
110.14, 300.5(E), 300.13, and 300.15. tion to service-drop conductors.

(B) Service Cable Equipped with Raintight Service Head230.49 Protection Against Physical Damage — Under-
or Gooseneck. Service cables shall be equipped with aground. Underground service-entrance conductors shall be
raintight service head.protected against physical damage in accordance with 300.5.

Exception: Type SE cable shall be permitted to be formed in
230.50 Protection of Open Conductors and Cables

a gooseneck and taped with a self-sealing weather-resistant
Against Damage — Above Ground. Service-entrance con-

thermoplastic.
ductors installed above ground shall be protected against
physical damage as specified in 230.50(A) or (B). (C) Service Heads and Goosenecks Above Service-Drop

Attachment. Service heads and goosenecks in service-en-(A) Service Cables. Service cables, where subject to physi-
trance cables shall be located above the point of attachment

cal damage, shall be protected by any of the following:
of the service-drop conductors to the building or other struc-
ture.(1) Rigid metal conduit

(2) Intermediate metal conduit Exception: Where it is impracticable to locate the service
(3) Schedule 80 rigid nonmetallic conduit head or gooseneck above the point of attachment, the service
(4) Electrical metallic tubing head or gooseneck location shall be permitted not farther
(5) Other approved means than 600 mm (24 in.) from the point of attachment.

(B) Other Than Service Cable. Individual open conduc- (D) Secured. Service cables shall be held securely in place.
tors and cables other than service cables shall not be installed
within 3.0 m (10 ft) of grade level or where exposed to (E) Separately Bushed Openings. Service heads shall
physical damage. have conductors of different potential brought out through

separately bushed openings.Exception: Type MI and Type MC cable shall be permitted
within 3.0 m (10 ft) of grade level where not exposed to Exception: For jacketed multiconductor service cable with-
physical damage or where protected in accordance with out splice.
300.5(D).

(F) Drip Loops. Drip loops shall be formed on individual
230.51 Mounting Supports. Cables or individual open conductors. To prevent the entrance of moisture, service-

entrance conductors shall be connected to the service-dropservice conductors shall be supported as specified in
230.51(A) or (B). conductors either (1) below the level of the service head or
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(C) Suitable for Use. Each service disconnecting means(2) below the level of the termination of the service-entrance
cable sheath. shall be suitable for the prevailing conditions.

(G) Arranged That Water Will Not Enter Service Race- 230.71 Maximum Number of Disconnects.
way or Equipment. Service-drop conductors and service-

(A) General. The service disconnecting means for eachentrance conductors shall be arranged so that water will not
service permitted by 230.2, or for each set of service-en-enter service raceway or equipment.
trance conductors permitted by 230.40, Exception Nos. 1,
3, 4, or 5, shall consist of not more than six switches or sets

V. Service Equipment — General of circuit breakers, or a combination of not more than six
switches and sets of circuit breakers, mounted in a single230.62 Service Equipment — Enclosed or Guarded.
enclosure, in a group of separate enclosures, or in or on aEnergized parts of service equipment shall be enclosed as
switchboard. There shall be not more than six sets of discon-specified in 230.62(A) or guarded as specified in 230.62(B).
nects per service grouped in any one location. For the pur-
pose of this section, disconnecting means used solely for(A) Enclosed. Energized parts shall be enclosed so that
power monitoring equipment, transient voltage surge sup-they will not be exposed to accidental contact or shall be
pressors, or the control circuit of the ground-fault protectionguarded as in 230.62(B).
system or power-operable service disconnecting means, in-

(B) Guarded. Energized parts that are not enclosed shall stalled as part of the listed equipment, shall not be considered
be installed on a switchboard, panelboard, or control board a service disconnecting means.
and guarded in accordance with 110.18 and 110.27. Where

(B) Single-Pole Units. Two or three single-pole switchesenergized parts are guarded as provided in 110.27(A)(1) and
or breakers, capable of individual operation, shall be permit-(A)(2), a means for locking or sealing doors providing access
ted on multiwire circuits, one pole for each ungroundedto energized parts shall be provided.
conductor, as one multipole disconnect, provided they are
equipped with handle ties or a master handle to disconnect230.66 Marking. Service equipment rated at 600 volts or
all conductors of the service with no more than six operationsless shall be marked to identify it as being suitable for use
of the hand.as service equipment. Individual meter socket enclosures

shall not be considered service equipment. FPN: See 408.36(A) for service equipment in panelboards.

230.72 Grouping of Disconnects.VI. Service Equipment — Disconnecting Means

(A) General. The two to six disconnects as permitted in230.70 General. Means shall be provided to disconnect all
230.71 shall be grouped. Each disconnect shall be markedconductors in a building or other structure from the service-
to indicate the load served.entrance conductors.

Exception: One of the two to six service disconnecting(A) Location. The service disconnecting means shall be
means permitted in 230.71, where used only for a water pumpinstalled in accordance with 230.70(A)(1), (A)(2), and
also intended to provide fire protection, shall be permitted to(A)(3).
be located remote from the other disconnecting means.

(1) Readily Accessible Location. The service discon-
(B) Additional Service Disconnecting Means. The one or

necting means shall be installed at a readily accessible loca-
more additional service disconnecting means for fire pumps,

tion either outside of a building or structure or inside nearest
emergency systems, legally required standby, or optional

the point of entrance of the service conductors.
standby services permitted by 230.2 shall be installed remote
from the one to six service disconnecting means for normal(2) Bathrooms. Service disconnecting means shall not be
service to minimize the possibility of simultaneous interrup-installed in bathrooms.
tion of supply.

(3) Remote Control. Where a remote control device(s) is
(C) Access to Occupants. In a multiple-occupancy build-used to actuate the service disconnecting means, the service
ing, each occupant shall have access to the occupant’s servicedisconnecting means shall be located in accordance with
disconnecting means.230.70(A)(1).

230.74 Simultaneous Opening of Poles. Each service dis-(B) Marking. Each service disconnect shall be perma-
nently marked to identify it as a service disconnect. connect shall simultaneously disconnect all ungrounded
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service conductors that it controls from the premises wiring permitted to be connected to the supply side of the service
disconnecting means:system.

(1) Cable limiters or other current-limiting devices230.75 Disconnection of Grounded Conductor. Where
(2) Meters and meter sockets nominally rated not in excessthe service disconnecting means does not disconnect the

of 600 volts, provided all metal housings and servicegrounded conductor from the premises wiring, other means
enclosures are groundedshall be provided for this purpose in the service equipment.

(3) Meter disconnect switches nominally rated not in excessA terminal or bus to which all grounded conductors can be
of 600 volts that have a short-circuit current rating equalattached by means of pressure connectors shall be permitted
to or greater than the available short circuit current,for this purpose. In a multisection switchboard, disconnects
provided all metal housings and service enclosures arefor the grounded conductor shall be permitted to be in any
groundedsection of the switchboard, provided any such switchboard

(5) Taps used only to supply load management devices,section is marked.
circuits for standby power systems, fire pump equip-
ment, and fire and sprinkler alarms, if provided with

230.76 Manually or Power Operable. The service discon- service equipment and installed in accordance with re-
necting means for ungrounded service conductors shall con- quirements for service-entrance conductors
sist of one of the following: (6) Solar photovoltaic systems, fuel cell systems, or inter-

connected electric power production sources(1) A manually operable switch or circuit breaker equipped
with a handle or other suitable operating means

(2) A power-operated switch or circuit breaker, provided VII. Service Equipment — Overcurrent Protection
the switch or circuit breaker can be opened by hand in

230.90 Where Required. Each ungrounded service con-the event of a power supply failure
ductor shall have overload protection.

230.77 Indicating. The service disconnecting means shall (A) Ungrounded Conductor. Such protection shall be pro-
plainly indicate whether it is in the open or closed position. vided by an overcurrent device in series with each un-

grounded service conductor that has a rating or setting not
230.79 Rating of Service Disconnecting Means. The ser- higher than the allowable ampacity of the conductor. A set
vice disconnecting means shall have a rating not less than of fuses shall be considered all the fuses required to protect
the load to be carried, determined in accordance with Article all the ungrounded conductors of a circuit. Single-pole circuit
220. In no case shall the rating be lower than specified in breakers, grouped in accordance with 230.71(B), shall be
230.79 (C) or (D). considered as one protective device.

Exception No. 1: For motor-starting currents, ratings that(C) One-Family Dwelling. For a one-family dwelling, the
conform with 430.52, 430.62, and 430.63 in the NEC shallservice disconnecting means shall have a rating of not less
be permitted.than 100 amperes, 3-wire.

Exception No. 2: Fuses and circuit breakers with a rating(D) All Others. For all other installations, the service dis-
or setting that conforms with 240.4(B) or (C) and 240.6 inconnecting means shall have a rating of not less than 60
the NEC shall be permitted.amperes.

Exception No. 3: Two to six circuit breakers or sets of fuses
230.80 Combined Rating of Disconnects. Where the ser- shall be permitted as the overcurrent device to provide the
vice disconnecting means consists of more than one switch overload protection. The sum of the ratings of the circuit
or circuit breaker, as permitted by 230.71, the combined breakers or fuses shall be permitted to exceed the ampacity
ratings of all the switches or circuit breakers used shall not of the service conductors, provided the calculated load does
be less than the rating required by 230.79. not exceed the ampacity of the service conductors.

Exception No. 5: Overload protection for 120/240-volt, 3-
230.81 Connection to Terminals. The service conductors wire, single-phase dwelling services shall be permitted in
shall be connected to the service disconnecting means by accordance with the requirements of 310.15(B)(6).
pressure connectors, clamps, or other approved means. Con-
nections that depend on solder shall not be used. (B) Not in Grounded Conductor. No overcurrent device

shall be inserted in a grounded service conductor except a
230.82 Equipment Connected to the Supply Side of Ser- circuit breaker that simultaneously opens all conductors of

the circuit.vice Disconnect. Only the following equipment shall be
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230.91 Location. The service overcurrent device shall be that exceeds the value permitted for similar conductors that
are protected as described elsewhere in 240.4.an integral part of the service disconnecting means or shall

be located immediately adjacent thereto.
240.3 Other Articles. Equipment shall be protected
against overcurrent in accordance with the article in this230.93 Protection of Specific Circuits. Where necessary
Code that covers the type of equipment specified in Tableto prevent tampering, an automatic overcurrent device that
240.3.protects service conductors supplying only a specific load,

such as a water heater, shall be permitted to be locked or
Table 240.3 Other Articlessealed where located so as to be accessible.

Equipment Article
230.94 Relative Location of Overcurrent Device and
Other Service Equipment. The overcurrent device shall Air-conditioning and refrigerating equipment 440

Appliances 422protect all circuits and devices.
Branch circuits 210

Exception No. 1: The service switch shall be permitted on Class 1, Class 2, and Class 3 remote-control, 725
the supply side. signaling, and power-limited circuits

Fire alarm systems 760
Exception No. 2: High-impedance shunt circuits, surge ar- Generators 445
resters, surge-protective capacitors, and instrument trans- in the NEC
formers (current and voltage) shall be permitted to be Luminaires (lighting fixtures), lampholders, 410
connected and installed on the supply side of the service and lamps

Receptacles 406disconnecting means as permitted in 230.82.
Services 230

Exception No. 4: Circuits used only for the operation of fire Solar photovoltaic systems 690
alarm, other protective signaling systems, or the supply to in the NEC
fire pump equipment shall be permitted to be connected Switchboards and panelboards 408
on the supply side of the service overcurrent device where
separately provided with overcurrent protection.

240.4 Protection of Conductors. Conductors, other thanException No. 5: Meters nominally rated not in excess of
flexible cords, flexible cables, and fixture wires, shall be600 volts shall be permitted, provided all metal housings
protected against overcurrent in accordance with their am-and service enclosures are grounded.
pacities specified in 310.15, unless otherwise permitted or
required in 240.4 (B), (C), (D), (E), and (G).

(B) Devices Rated 800 Amperes or Less. The next higherARTICLE 240
standard overcurrent device rating (above the ampacity ofOvercurrent Protection
the conductors being protected) shall be permitted to be
used, provided all of the following conditions are met:

I. General
(1) The conductors being protected are not part of a

240.1 Scope. Parts I through V of this article provide the multioutlet branch circuit supplying receptacles for
general requirements for overcurrent protection and overcur- cord-and-plug-connected portable loads.
rent protective devices not more than 600 volts, nominal. (2) The ampacity of the conductors does not correspond

with the standard ampere rating of a fuse or a circuit
FPN: Overcurrent protection for conductors and equipment breaker without overload trip adjustments above its rat-
is provided to open the circuit if the current reaches a value

ing (but that shall be permitted to have other trip orthat will cause an excessive or dangerous temperature in
rating adjustments).conductors or conductor insulation. See also 110.9 for re-

quirements for interrupting ratings and 110.10 for require- (3) The next higher standard rating selected does not exceed
ments for protection against fault currents. 800 amperes.

(C) Devices Rated Over 800 Amperes. Where the over-240.2 Definition.
current device is rated over 800 amperes, the ampacity of
the conductors it protects shall be equal to or greater thanTap Conductors. As used in this article, a tap conductor

is defined as a conductor, other than a service conductor, the rating of the overcurrent device defined in 240.6 in the
NEC.that has overcurrent protection ahead of its point of supply
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(D) Small Conductors. Unless specifically permitted in both manually and automatically unless otherwise permitted
in 240.20(B)(1), (B)(2), and (B)(3).240.4(E) or 240.4(G), the overcurrent protection shall not

exceed 15 amperes for 14 AWG, 20 amperes for 12 AWG,
(1) Multiwire Branch Circuit. Except where limited by

and 30 amperes for 10 AWG copper; or 15 amperes for 12
210.4(B), individual single-pole circuit breakers, with or

AWG and 25 amperes for 10 AWG aluminum and copper-
without identified handle ties, shall be permitted as the pro-

clad aluminum after any correction factors for ambient tem-
tection for each ungrounded conductor of multiwire branch

perature and number of conductors have been applied.
circuits that serve only single-phase line-to-neutral loads.

(E) Tap Conductors. Tap conductors shall be permitted (2) Grounded Single-Phase and 3-Wire dc Circuits. In
to be protected against overcurrent in accordance with the grounded systems, individual single-pole circuit breakers
following: with identified handle ties shall be permitted as the protection

for each ungrounded conductor for line-to-line connected
(1) 210.19(A)(3) and (A)(4) Household Ranges and Cook- loads for single-phase circuits or 3-wire, direct-current cir-

ing Appliances and Other Loads cuits.
(2) 240.5(B)(2) Fixture Wire*

(3) 3-Phase and 2-Phase Systems. For line-to-line loads(3) 240.21 Location in Circuit*
in 4-wire, 3-phase systems or 5-wire, 2-phase systems having(4) 368.17(B) Reduction in Ampacity Size of Busway*
a grounded neutral and no conductor operating at a voltage(5) 368.17(C) Feeder or Branch Circuits (busway taps)*
greater than permitted in 210.6, individual single-pole circuit(6) 430.53(D) Single Motor Taps*
breakers with identified handle ties shall be permitted as the

* Section is in the NEC protection for each ungrounded conductor.

(G) Overcurrent Protection for Specific Conductor Ap- 240.21 Location in Circuit. Overcurrent protection shall
plications. Overcurrent protection for the specific conduc- be provided in each ungrounded circuit conductor and shall
tors shall be permitted to be provided as referenced in Table be located at the point where the conductors receive their
240.4(G). supply except as specified in 240.21(A) and (D).. No conduc-

tor supplied under the provisions of 240.21(A) and (D) shall
supply another conductor under those provisions, exceptTable 240.4(G) Specific Conductor Applications
through an overcurrent protective device meeting the re-
quirements of 240.4.Conductor Article Section

(A) Branch-Circuit Conductors. Branch-circuit tap con-Air-conditioning and 440, Parts
ductors meeting the requirements specified in 210.19 shallrefrigeration equipment III, VI
be permitted to have overcurrent protection located as speci-circuit conductors
fied in that section.Motor-operated appliance 422, Part II

circuit conductors
(D) Service Conductors. Service-entrance conductorsRemote-control, signaling, 725 725.23, 725.24,
shall be permitted to be protected by overcurrent devices inand power-limited 725.41, and
accordance with 230.91.circuit conductors Chapter 9, Tables

11(A) and 11(B)
240.22 Grounded Conductor. No overcurrent device shallin the NEC
be connected in series with any conductor that is intention-
ally grounded, unless one of the following two conditions

II. Location is met:

240.20 Ungrounded Conductors. (1) The overcurrent device opens all conductors of the cir-
cuit, including the grounded conductor, and is designed

(A) Overcurrent Device Required. A fuse or an overcur- so that no pole can operate independently.
rent trip unit of a circuit breaker shall be connected in series
with each ungrounded conductor. A combination of a current 240.23 Change in Size of Grounded Conductor. Where
transformer and overcurrent relay shall be considered equiv- a change occurs in the size of the ungrounded conductor, a
alent to an overcurrent trip unit. similar change shall be permitted to be made in the size of

the grounded conductor.
FPN: For motor circuits, see Parts III, IV, V, and XI of
Article 430 in the NEC. 240.24 Location in or on Premises.

(B) Circuit Breaker as Overcurrent Device. Circuit (A) Accessibility. Overcurrent devices shall be readily ac-
cessible and shall be installed so that the center of the gripbreakers shall open all ungrounded conductors of the circuit
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of the operating handle of the switch or circuit breaker, when V. Plug Fuses, Fuseholders, and Adapters
in its highest position, is not more than 2.0 m (6 ft 7 in.)

240.50 General.
above the floor or working platform unless the following
applies: (A) Maximum Voltage. Plug fuses shall be permitted to

be used in the following circuits:
(4) For overcurrent devices adjacent to utilization equip-

(1) Circuits not exceeding 125 volts between conductorsment that they supply, access shall be permitted to be
(2) Circuits supplied by a system having a grounded neutralby portable means.

where the line-to-neutral voltage does not exceed 150
(B) Occupancy. Each occupant shall have ready access to volts
all overcurrent devices protecting the conductors supplying

(E) Screw Shell. The screw shell of a plug-type fuseholderthat occupancy.
shall be connected to the load side of the circuit.

(C) Not Exposed to Physical Damage. Overcurrent de-
vices shall be located where they will not be exposed to 240.52 Edison-Base Fuseholders. Fuseholders of the
physical damage. Edison-base type shall be installed only where they are made

to accept Type S fuses by the use of adapters.
FPN: See 110.11, Deteriorating Agents.

(D) Not in Vicinity of Easily Ignitible Material. Overcur-
rent devices shall not be located in the vicinity of easily ARTICLE 250
ignitible material, such as in clothes closets. Grounding and Bonding
(E) Not Located in Bathrooms. In dwelling units and
guest rooms or guest suites of hotels and motels, overcurrent

I. Generaldevices, other than supplementary overcurrent protection,
shall not be located in bathrooms. 250.1 Scope. This article covers general requirements for

grounding and bonding of electrical installations, and spe-
cific requirements in (1) through (6).

III. Enclosures
(1) Systems, circuits, and equipment required, permitted,240.30 General.

or not permitted to be grounded
(2) Circuit conductor to be grounded on grounded systems(A) Protection from Physical Damage. Overcurrent de-
(3) Location of grounding connectionsvices shall be protected from physical damage by the follow-
(4) Types and sizes of grounding and bonding conductorsing:

and electrodes
(1) Installation in enclosures, cabinets, cutout boxes, or (5) Methods of grounding and bonding

equipment assemblies (6) Conditions under which guards, isolation, or insulation
may be substituted for grounding

(B) Operating Handle. The operating handle of a circuit
breaker shall be permitted to be accessible without opening 250.2 Definitions.
a door or cover.

Effective Ground-Fault Current Path. An intentionally
constructed, permanent, low-impedance electrically conduc-240.32 Damp or Wet Locations. Enclosures for overcur-
tive path designed and intended to carry current underrent devices in damp or wet locations shall comply with
ground-fault conditions from the point of a ground fault on312.2(A).
a wiring system to the electrical supply source and that
facilitates the operation of the overcurrent protective device

240.33 Vertical Position. Enclosures for overcurrent de- or ground fault detectors on high-impedance grounded sys-
vices shall be mounted in a vertical position unless that is tems.
shown to be impracticable. Circuit breaker enclosures shall
be permitted to be installed horizontally where the circuit Ground Fault. An unintentional, electrically conducting

connection between an ungrounded conductor of an electri-breaker is installed in accordance with 240.81 in the NEC.
Listed busway plug-in units shall be permitted to be mounted cal circuit and the normally non–current-carrying conduc-

tors, metallic enclosures, metallic raceways, metallicin orientations corresponding to the busway mounting posi-
tion. equipment, or earth.
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(2) Grounding of Electrical Equipment. Non–current-Ground-Fault Current Path. An electrically conductive
path from the point of a ground fault on a wiring system carrying conductive materials enclosing electrical conduc-

tors or equipment, or forming part of such equipment, shallthrough normally non–current-carrying conductors, equip-
ment, or the earth to the electrical supply source. be connected to earth so as to limit the voltage to ground

on these materials.
FPN: Examples of ground-fault current paths could consist
of any combination of equipment grounding conductors,

(3) Bonding of Electrical Equipment. Non–current-car-metallic raceways, metallic cable sheaths, electrical equip-
ment, and any other electrically conductive material such as rying conductive materials enclosing electrical conductors
metal water and gas piping, steel framing members, stucco or equipment, or forming part of such equipment, shall be
mesh, metal ducting, reinforcing steel, shields of communi- connected together and to the electrical supply source in acations cables, and the earth itself.

manner that establishes an effective ground-fault current
path.

250.3 Application of Other Articles. In other articles
applying to particular cases of installation of conductors and

(4) Bonding of Electrically Conductive Materials andequipment, requirements are identified in Table 250.3 that
Other Equipment. Electrically conductive materials thatare in addition to, or modifications of, those of this article.
are likely to become energized shall be connected together
and to the electrical supply source in a manner that estab-

250.4 General Requirements for Grounding and Bond- lishes an effective ground-fault current path.
ing. The following general requirements identify what
grounding and bonding of electrical systems are required to

(5) Effective Ground-Fault Current Path. Electricalaccomplish. The prescriptive methods contained in Article
equipment and wiring and other electrically conductive ma-250 shall be followed to comply with the performance re-
terial likely to become energized shall be installed in aquirements of this section.
manner that creates a permanent, low-impedance circuit fa-
cilitating the operation of the overcurrent device or ground(A) Grounded Systems.
detector for high-impedance grounded systems. It shall be
capable of safely carrying the maximum ground-fault current(1) Electrical System Grounding. Electrical systems that

are grounded shall be connected to earth in a manner that likely to be imposed on it from any point on the wiring
system where a ground fault may occur to the electricalwill limit the voltage imposed by lightning, line surges, or

unintentional contact with higher-voltage lines and that will supply source. The earth shall not be considered as an effec-
tive ground-fault current path.stabilize the voltage to earth during normal operation.

Table 250.3 Additional Grounding Requirements

Conductor/Equipment Article Section

Branch circuits 210.5, 210.6, 406.3
Communications circuits 800
Community antenna television and radio distribution systems 820.93, 820.100, 820.103
Conductors for general wiring 310
Fire alarm systems 760.9
Grounding-type receptacles, adapters, cord connectors, and 406.9

attachment plugs
Luminaires (lighting fixtures) and lighting equipment 410.17, 410.18, 410.20, 410.21, 410.105(B)
Luminaires (fixtures), lampholders, and lamps 410
Outlet, device, pull, and junction boxes; conduit bodies; and 314.4, 314.25

fittings
Panelboards 408.40
Receptacles and cord connectors 406.3
Services 230
Solar photovoltaic systems 690.41, 690.42, 690.43, 690.45, 690.47

in the NEC
Swimming pools, fountains, and similar installations 680
Switches 404.12
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FPN No. 2: See Figure 250.4 for information on the organi- 250.8 Connection of Grounding and Bonding Equip-
zation of Article 250. ment. Grounding conductors and bonding jumpers shall be

connected by exothermic welding, listed pressure connec-
tors, 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
conductors or connection devices to enclosures.

250.10 Protection of Ground Clamps and Fittings.
Ground clamps or other fittings shall be approved for general
use without protection or shall be protected from physical
damage as indicated in (1) or (2) as follows:

(1) In installations where they are not likely to be damaged
(2) Where enclosed in metal, wood, or equivalent protective

covering

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 continuity or be connected by means
of fittings designed so as to make such removal unnecessary.

Part I General

Part II System 
grounding

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 V Bonding

Figure 250.4 Grounding.
II. System Grounding

250.20 Alternating-Current Systems to Be Grounded.250.6 Objectionable Current over Grounding
Alternating-current systems shall be grounded as providedConductors.
for in 250.20(A) and (B). Other systems shall be permitted

(A) Arrangement to Prevent Objectionable Current. to be grounded. If such systems are grounded, they shall
The grounding of electrical systems, circuit conductors, comply with the applicable provisions of this article.
surge arresters, and conductive non–current-carrying materi-
als and equipment shall be installed and arranged in a manner (A) Alternating-Current Systems of Less Than 50 Volts.
that will prevent objectionable current over the grounding Alternating-current systems of less than 50 volts shall be
conductors or grounding paths. grounded under any of the following conditions:

(B) Alterations to Stop Objectionable Current. If the use (1) Where supplied by transformers, if the transformer sup-
of multiple grounding connections results in objectionable ply system exceeds 150 volts to ground
current, one or more of the following alterations shall be (2) Where supplied by transformers, if the transformer sup-
permitted to be made, provided that the requirements of ply system is ungrounded
250.4(A)(5) or (B)(4) are met: (3) Where installed as overhead conductors outside of

buildings
(1) Discontinue one or more but not all of such grounding

connections. (B) Alternating-Current Systems of 50 Volts to 1000
(2) Change the locations of the grounding connections. Volts. Alternating-current systems of 50 volts to 1000 volts
(3) Interrupt the continuity of the conductor or conductive that supply premises wiring and premises wiring systems

path interconnecting the grounding connections. shall be grounded under any of the following conditions:
(4) Take other suitable remedial and approved action.

(1) Where the system can be grounded so that the maximum
voltage to ground on the ungrounded conductors does(C) Temporary Currents Not Classified as Objection-

able Currents. Temporary currents resulting from acciden- not exceed 150 volts
(2) Where the system is 3-phase, 4-wire, wye connected intal conditions, such as ground-fault currents, that occur only

while the grounding conductors are performing their in- which the neutral is used as a circuit conductor
(3) Where the system is 3-phase, 4-wire, delta connectedtended protective functions shall not be classified as objec-

tionable current for the purposes specified in 250.6(A) and in which the midpoint of one phase winding is used as
a circuit conductor(B).
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(1) Routing and Sizing. This conductor shall be routed250.24 Grounding Service-Supplied Alternating-Cur-
rent Systems. with the phase conductors and shall not be smaller than the

required grounding electrode conductor specified in Table
(A) System Grounding Connections. A premises wiring 250.66 but shall not be required to be larger than the largest
system supplied by a grounded ac service shall have a ungrounded service-entrance phase conductor. In addition,
grounding electrode conductor connected to the grounded for service-entrance phase conductors larger than 1100 kcmil
service conductor, at each service, in accordance with copper or 1750 kcmil aluminum, the grounded conductor
250.24(A)(1), (A)(2), and (A)(5). shall not be smaller than 121⁄2 percent of the area of the

largest service-entrance phase conductor. The grounded con-(1) General. The connection shall be made at any accessi-
ductor of a 3-phase, 3-wire delta service shall have an ampac-ble point from the load end of the service drop or service
ity not less than that of the ungrounded conductors.lateral to and including the terminal or bus to which the

grounded service conductor is connected at the service dis- (2) Parallel Conductors. Where the service-entrance
connecting means. phase conductors are installed in parallel, the size of the

grounded conductor shall be based on the total circular milFPN: See definitions of Service Drop and Service Lateral
area of the parallel conductors as indicated in this section.in Article 100.
Where installed in two or more raceways, the size of the

(2) Outdoor Transformer. Where the transformer supply- grounded conductor in each raceway shall be based on the
ing the service is located outside the building, at least one size of the ungrounded service-entrance conductor in the
additional grounding connection shall be made from the raceway but not smaller than 1/0 AWG.
grounded service conductor to a grounding electrode, either

FPN: See 310.4 for grounded conductors connected in paral-at the transformer or elsewhere outside the building.
lel.

(5) Load-Side Grounding Connections. A grounding (D) Grounding Electrode Conductor. A grounding elec-
connection shall not be made to any grounded conductor on trode conductor shall be used to connect the equipment
the load side of the service disconnecting means except as grounding conductors, the service-equipment enclosures,
otherwise permitted in this article. and, where the system is grounded, the grounded service

conductor to the grounding electrode(s) required by Part IIIFPN: See 250.30(A) in the NEC for separately derived sys-
of this article.tems, 250.32 for connections at separate buildings or struc-

tures, and 250.142 for use of the grounded circuit conductor
FPN: See 250.24(A) for ac system grounding connections.for grounding equipment.

250.26 Conductor to Be Grounded — Alternating-Cur-(B) Main Bonding Jumper. For a grounded system, an
rent Systems. For ac premises wiring systems, the conduc-unspliced main bonding jumper shall be used to connect the
tor to be grounded shall be as specified in the following:equipment grounding conductor(s) and the service-discon-

nect enclosure to the grounded conductor within the enclo-
(1) Single-phase, 2-wire — one conductorsure for each service disconnect in accordance with 250.28.
(2) Single-phase, 3-wire — the neutral conductor

Exception No. 1: Where more than one service discon- (3) Multiphase systems having one wire common to all
necting means is located in an assembly listed for use as phases — the common conductor
service equipment, an unspliced main bonding jumper shall (4) Multiphase systems where one phase is grounded —
bond the grounded conductor(s) to the assembly enclosure. one phase conductor

(5) Multiphase systems in which one phase is used as in
(C) Grounded Conductor Brought to Service Equip- (2) — the neutral conductor
ment. Where an ac system operating at less than 1000 volts
is grounded at any point, the grounded conductor(s) shall 250.28 Main Bonding Jumper and System Bonding
be run to each service disconnecting means and shall be Jumper. For a grounded system, main bonding jumpers and
bonded to each disconnecting means enclosure. The system bonding jumpers shall be installed as follows:
grounded conductor(s) shall be installed in accordance with

(A) Material. Main bonding jumpers and system bonding250.24(C)(1) and (C)(2).
jumpers shall be of copper or other corrosion-resistant mate-

Exception: Where more than one service disconnecting rial. A main bonding jumper and a system bonding jumper
means are located in an assembly listed for use as service shall be a wire, bus, screw, or similar suitable conductor.
equipment, it shall be permitted to run the grounded conduc-
tor(s) to the assembly, and the conductor(s) shall be bonded (B) Construction. Where a main bonding jumper or a sys-

tem bonding jumper is a screw only, the screw shall beto the assembly enclosure.
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identified with a green finish that shall be visible with the shall be used for grounding or bonding of equipment, struc-
tures, or frames required to be grounded or bonded. Thescrew installed.
size of the grounded conductor shall not be smaller than the

(C) Attachment. Main bonding jumpers and system bond- larger of either of the following:
ing jumpers shall be attached in the manner specified by the

(1) That required by 220.61applicable provisions of 250.8.
(2) That required by 250.122

(D) Size. Main bonding jumpers and system bonding jump-
(E) Grounding Electrode Conductor. The size of theers shall not be smaller than the sizes shown in Table 250.66.
grounding electrode conductor to the grounding electrode(s)
shall not be smaller than given in 250.66, based on the250.32 Buildings or Structures Supplied by Feeder(s) or
largest ungrounded supply conductor. The installation shallBranch Circuit(s).
comply with Part III of this article.

(A) Grounding Electrode. Building(s) or structure(s) sup-
plied by feeder(s) or branch circuit(s) shall have a grounding

III. Grounding Electrode System and Groundingelectrode or grounding electrode system installed in accor-
Electrode Conductordance with 250.50. The grounding electrode conductor(s)

shall be connected in accordance with 250.32(B). Where 250.50 Grounding Electrode System. All grounding elec-
there is no existing grounding electrode, the grounding elec- trodes as described in 250.52(A)(1) through (A)(6) that are
trode(s) required in 250.50 shall be installed. present at each building or structure served shall be bonded

together to form the grounding electrode system. WhereException: A grounding electrode shall not be required
none of these grounding electrodes exist, one or more ofwhere only a single branch circuit supplies the building
the grounding electrodes specified in 250.52(A)(4) throughor structure and the branch circuit includes an equipment
(A)(7) shall be installed and used.grounding conductor for grounding the conductive non–cur-

rent-carrying parts of equipment. For the purpose of this Exception: Concrete-encased electrodes of existing build-
section, a multiwire branch circuit shall be considered as a ings or structures shall not be required to be part of the
single branch circuit. grounding electrode system where the steel reinforcing bars

or rods are not accessible for use without disturbing the(B) Grounded Systems. For a grounded system at the sep-
concrete.arate building or structure, the connection to the grounding

electrode and grounding or bonding of equipment, structures,
250.52 Grounding Electrodes.or frames required to be grounded or bonded shall comply

with either 250.32(B)(1) or (B)(2). (A) Electrodes Permitted for Grounding.

(1) Equipment Grounding Conductor. An equipment (1) Metal Underground Water Pipe. A metal under-
grounding conductor as described in 250.118 shall be run ground water pipe in direct contact with the earth for 3.0 m
with the supply conductors and connected to the building (10 ft) or more (including any metal well casing effectively
or structure disconnecting means and to the grounding elec- bonded to the pipe) and electrically continuous (or made
trode(s). The equipment grounding conductor shall be used electrically continuous by bonding around insulating joints
for grounding or bonding of equipment, structures, or frames or insulating pipe) to the points of connection of the ground-
required to be grounded or bonded. The equipment ground- ing electrode conductor and the bonding conductors. Interior
ing conductor shall be sized in accordance with 250.122. metal water piping located more than 1.52 m (5 ft) from the
Any installed grounded conductor shall not be connected point of entrance to the building shall not be used as a
to the equipment grounding conductor or to the grounding part of the grounding electrode system or as a conductor to
electrode(s). interconnect electrodes that are part of the grounding elec-

trode system.
(2) Grounded Conductor. Where (1) an equipment
grounding conductor is not run with the supply to the build- Exception: In industrial and commercial buildings or struc-

tures where conditions of maintenance and supervision en-ing or structure, (2) there are no continuous metallic paths
bonded to the grounding system in each building or structure sure that only qualified persons service the installation,

interior metal water piping located more than 1.52 m (5 ft)involved, and (3) ground-fault protection of equipment has
not been installed on the supply side of the feeder(s), the from the point of entrance to the building shall be permitted

as a part of the grounding electrode system or as a conductorgrounded conductor run with the supply to the building or
structure shall be connected to the building or structure to interconnect electrodes that are part of the grounding

electrode system, provided that the entire length, other thandisconnecting means and to the grounding electrode(s) and
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(7) Other Local Metal Underground Systems or Struc-short sections passing perpendicular through walls, floors,
or ceilings, of the interior metal water pipe that is being tures. Other local metal underground systems or structures

such as piping systems, underground tanks, and undergroundused for the conductor is exposed.
metal well casings that are not effectively bonded to a metal

(2) Metal Frame of the Building or Structure. The metal water pipe.
frame of the building or structure, where any of the following
methods are used to make an earth connection: (B) Electrodes Not Permitted for Grounding. The fol-

lowing shall not be used as grounding electrodes:
(1) 3.0 m (10 ft) or more of a single structural metal member

in direct contact with the earth or encased in concrete (1) Metal underground gas piping system
that is in direct contact with the earth (2) Aluminum electrodes

(2) The structural metal frame is bonded to one or more of
FPN: See 250.104(B) for bonding requirements of gas pip-the grounding electrodes as defined in 250.52(A)(1),
ing.(A)(3), or (A)(4)

(3) The structural metal frame is bonded to one or more of
250.53 Grounding Electrode System Installation.the grounding electrodes as defined in 250.52(A)(5) or

(A)(6) that comply with 250.56, or
(A) Rod, Pipe, and Plate Electrodes. Where practicable,

(4) Other approved means of establishing a connection to
rod, pipe, and plate electrodes shall be embedded below

earth.
permanent moisture level. Rod, pipe, and plate electrodes
shall be free from nonconductive coatings such as paint or(3) Concrete-Encased Electrode. An electrode encased by
enamel.at least 50 mm (2 in.) of concrete, located within and near

the bottom of a concrete foundation or footing that is in
(B) Electrode Spacing. Where more than one of the elec-direct contact with the earth, consisting of at least 6.0 m
trodes of the type specified in 250.52(A)(5) or (A)(6) are(20 ft) of one or more bare or zinc galvanized or other
used, each electrode of one grounding system (includingelectrically conductive coated steel reinforcing bars or rods
that used for air terminals) shall not be less than 1.83 m (6of not less than 13 mm (1⁄2 in.) in diameter, or consisting of
ft) from any other electrode of another grounding system.at least 6.0 m (20 ft) of bare copper conductor not smaller
Two or more grounding electrodes that are effectivelythan 4 AWG. Reinforcing bars shall be permitted to be
bonded together shall be considered a single grounding elec-bonded together by the usual steel tie wires or other effective
trode system.means.

(C) Bonding Jumper. The bonding jumper(s) used to con-(4) Ground Ring. A ground ring encircling the building
nect the grounding electrodes together to form the groundingor structure, in direct contact with the earth, consisting of
electrode system shall be installed in accordance withat least 6.0 m (20 ft) of bare copper conductor not smaller
250.64(A), (B), and (E), shall be sized in accordance withthan 2 AWG.
250.66, and shall be connected in the manner specified in
250.70.(5) Rod and Pipe Electrodes. Rod and pipe electrodes

shall not be less than 2.5 m (8 ft) in length and shall consist
(D) Metal Underground Water Pipe. Where used as aof the following materials.
grounding electrode, metal underground water pipe shall

(a) Electrodes of pipe or conduit shall not be smaller meet the requirements of 250.53(D)(1) and (D)(2).
than metric designator 21 (trade size 3⁄4) and, where of iron

(1) Continuity. Continuity of the grounding path or theor steel, shall have the outer surface galvanized or otherwise
bonding connection to interior piping shall not rely on watermetal-coated for corrosion protection.
meters or filtering devices and similar equipment.(b) Electrodes of rods of iron or steel shall be at least

15.87 mm (5⁄8 in.) in diameter. Stainless steel rods less than
(2) Supplemental Electrode Required. A metal under-16 mm (5⁄8 in.) in diameter, nonferrous rods, or their equiva-
ground water pipe shall be supplemented by an additionallent shall be listed and shall not be less than 13 mm (1⁄2 in.)
electrode of a type specified in 250.52(A)(2) through (A)(7).in diameter.
Where the supplemental electrode is a rod, pipe, or plate
type, it shall comply with 250.56. The supplemental elec-(6) Plate Electrodes. Each plate electrode shall expose not

less than 0.186 m2 (2 ft2) of surface to exterior soil. Elec- trode shall be permitted to be bonded to the grounding
electrode conductor, the grounded service-entrance conduc-trodes of iron or steel plates shall be at least 6.4 mm (1⁄4 in.)

in thickness. Electrodes of nonferrous metal shall be at least tor, the nonflexible grounded service raceway, or any
grounded service enclosure.1.5 mm (0.06 in.) in thickness.
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Exception: The supplemental electrode shall be permitted or structure. Where separate services, feeders, or branch
circuits supply a building and are required to be connectedto be bonded to the interior metal water piping at any conve-

nient point as covered in 250.52(A)(1), Exception. to a grounding electrode(s), the same grounding electrode(s)
shall be used.

(E) Supplemental Electrode Bonding Connection Size. Two or more grounding electrodes that are effectively
Where the supplemental electrode is a rod, pipe, or plate bonded together shall be considered as a single grounding
electrode, that portion of the bonding jumper that is the sole electrode system in this sense.
connection to the supplemental grounding electrode shall
not be required to be larger than 6 AWG copper wire or 4 250.60 Use of Air Terminals. Air terminal conductors and
AWG aluminum wire. driven pipes, rods, or plate electrodes used for grounding

air terminals shall not be used in lieu of the grounding(F) Ground Ring. The ground ring shall be buried at a
electrodes required by 250.50 for grounding wiring systemsdepth below the earth’s surface of not less than 750 mm
and equipment. This provision shall not prohibit the required(30 in.).
bonding together of grounding electrodes of different sys-

(G) Rod and Pipe Electrodes. The electrode shall be in- tems.
stalled such that at least 2.44 m (8 ft) of length is in contact

FPN No. 1: See 250.106 for spacing from air terminals.with the soil. It shall be driven to a depth of not less than
See 800.100(D), 810.21(J) in the NEC, and 820.100(D) for

2.44 m (8 ft) except that, where rock bottom is encountered, bonding of electrodes.
the electrode shall be driven at an oblique angle not to

FPN No. 2: Bonding together of all separate groundingexceed 45 degrees from the vertical or, where rock bottom
electrodes will limit potential differences between them andis encountered at an angle up to 45 degrees, the electrode
between their associated wiring systems.

shall be permitted to be buried in a trench that is at least
750 mm (30 in.) deep. The upper end of the electrode shall

250.62 Grounding Electrode Conductor Material. Thebe flush with or below ground level unless the aboveground
grounding electrode conductor shall be of copper, aluminum,end and the grounding electrode conductor attachment are
or copper-clad aluminum. The material selected shall beprotected against physical damage as specified in 250.10.
resistant to any corrosive condition existing at the installation
or shall be suitably protected against corrosion. The conduc-(H) Plate Electrode. Plate electrodes shall be installed not
tor shall be solid or stranded, insulated, covered, or bare.less than 750 mm (30 in.) below the surface of the earth.

250.64 Grounding Electrode Conductor Installation.250.54 Supplementary Grounding Electrodes. Supplem-
Grounding electrode conductors shall be installed as speci-entary grounding electrodes shall be permitted to be con-
fied in 250.64(A) through (F).nected to the equipment grounding conductors specified in

250.118 and shall not be required to comply with the elec-
(A) Aluminum or Copper-Clad Aluminum Conductors.trode bonding requirements of 250.50 or 250.53(C) or the
Bare aluminum or copper-clad aluminum grounding conduc-resistance requirements of 250.56, but the earth shall not be
tors shall not be used where in direct contact with masonryused as an effective ground-fault current path as specified
or the earth or where subject to corrosive conditions. Wherein 250.4(A)(5).
used outside, aluminum or copper-clad aluminum grounding
conductors shall not be terminated within 450 mm (18 in.)250.56 Resistance of Rod, Pipe, and Plate Electrodes. A
of the earth.single electrode consisting of a rod, pipe, or plate that does

not have a resistance to ground of 25 ohms or less shall be (B) Securing and Protection Against Physical Damage.
augmented by one additional electrode of any of the types Where exposed, a grounding electrode conductor or its en-
specified by 250.52(A)(2) through (A)(7). Where multiple closure shall be securely fastened to the surface on which it
rod, pipe, or plate electrodes are installed to meet the require- is carried. A 4 AWG or larger copper or aluminum grounding
ments of this section, they shall not be less than 1.8 m electrode conductor shall be protected where exposed to
(6 ft) apart. physical damage. A 6 AWG grounding electrode conductor

that is free from exposure to physical damage shall be permit-FPN: The paralleling efficiency of rods longer than 2.5 m
(8 ft) is improved by spacing greater than 1.8 m (6 ft). ted to be run along the surface of the building construction

without metal covering or protection where it is securely
250.58 Common Grounding Electrode. Where an ac sys- fastened to the construction; otherwise, it shall be in rigid

metal conduit, intermediate metal conduit, rigid nonmetallictem is connected to a grounding electrode in or at a building
or structure, the same electrode shall be used to ground conduit, electrical metallic tubing, or cable armor. Grounding

electrode conductors smaller than 6 AWG shall be in rigidconductor enclosures and equipment in or on that building

NFPA 70A NATIONAL ELECTRICAL CODE� REQUIREMENTS FOR ONE- AND TWO-FAMILY DWELLINGS 2005 Edition



70A–50 ARTICLE 250 — GROUNDING AND BONDING

metal conduit, intermediate metal conduit, rigid nonmetallic electrode. The bonding jumper for a grounding electrode
conductor raceway or cable armor shall be the same size as,conduit, electrical metallic tubing, or cable armor.
or larger than, the required enclosed grounding electrode

(C) Continuous. Grounding electrode conductor(s) shall conductor. Where a raceway is used as protection for a
be installed in one continuous length without a splice or grounding electrode conductor, the installation shall comply
joint except as permitted in (1) through (4): with the requirements of the appropriate raceway article.

(1) Splicing shall be permitted only by irreversible com- (F) To Electrode(s). A grounding electrode conductor shall
pression-type connectors listed as grounding and bond- be permitted to be run to any convenient grounding electrode
ing equipment or by the exothermic welding process. available in the grounding electrode system, or to one or

(2) Sections of busbars shall be permitted to be connected more grounding electrode(s) individually, or to the aluminum
together to form a grounding electrode conductor. or copper busbar as permitted in 250.64(C). The grounding

(3) Bonding jumper(s) from grounding electrode(s) and electrode conductor shall be sized for the largest grounding
grounding electrode conductor(s) shall be permitted to electrode conductor required among all the electrodes con-
be connected to an aluminum or copper busbar not less nected to it.
than 6 mm � 50 mm (1⁄4 in. � 2 in.). The busbar
shall be securely fastened and shall be installed in an 250.66 Size of Alternating-Current Grounding Elec-
accessible location. Connections shall be made by a trode Conductor. The size of the grounding electrode con-
listed connector or by the exothermic welding process. ductor of a grounded or ungrounded ac system shall not

(4) Where aluminum busbars are used, the installation shall be less than given in Table 250.66, except as permitted in
comply with 250.64(A). 250.66(A) through (C).

(D) Grounding Electrode Conductor Taps. Where a
service consists of more than a single enclosure as permitted

Table 250.66 Grounding Electrode Conductor forin 230.71(A), it shall be permitted to connect taps to the Alternating-Current Systems
common grounding electrode conductor. Each such tap con-
ductor shall extend to the inside of each such enclosure. The Size of Largest Ungrounded
common grounding electrode conductor shall be sized in Service-Entrance Conductor or Size of Grounding
accordance with 250.66, based on the sum of the circular mil Equivalent Area for Parallel Electrode Conductor

Conductorsa (AWG/kcmil) (AWG/kcmil)area of the largest ungrounded service entrance conductors.
Where more than one set of service entrance conductors as

Aluminum or Aluminum or
permitted by 230.40, Exception No. 2 connect directly to a Copper-Clad Copper-Clad
service drop or lateral, the common grounding electrode Copper Aluminum Copper Aluminumb

conductor shall be sized in accordance with Table 250.66
2 or smaller 1/0 or smaller 8 6Note 1. The tap conductors shall be permitted to be sized

in accordance with the grounding electrode conductors spec-
1 or 1/0 2/0 or 3/0 6 4

ified in 250.66 for the largest conductor serving the respec-
tive enclosures. The tap conductors shall be connected to 2/0 or 3/0 4/0 or 250 4 2
the common grounding electrode conductor in such a manner

Over 3/0 through Over 250 through 2 1/0that the common grounding electrode conductor remains
350 500without a splice or joint.

Over 350 through Over 500 through 1/0 3/0
(E) Enclosures for Grounding Electrode Conductors. 600 900
Ferrous metal enclosures for grounding electrode conductors
shall be electrically continuous from the point of attachment Notes:

1. Where multiple sets of service-entrance conductors are usedto cabinets or equipment to the grounding electrode and
as permitted in 230.40, Exception No. 2, the equivalent sizeshall be securely fastened to the ground clamp or fitting.
of the largest service-entrance conductor shall be determined by

Nonferrous metal enclosures shall not be required to be the largest sum of the areas of the corresponding conductors
electrically continuous. Ferrous metal enclosures that are of each set.

2. Where there are no service-entrance conductors, the groundingnot physically continuous from cabinets or equipment to the
electrode conductor size shall be determined by the equivalentgrounding electrode shall be made electrically continuous
size of the largest service-entrance conductor required for theby bonding each end of the raceway or enclosure to the
load to be served.

grounding electrode conductor. Bonding shall apply at each aThis table also applies to the derived conductors of separately
end and to all intervening ferrous raceways, boxes, and derived ac systems.

bSee installation restrictions in 250.64(A).enclosures between the service equipment and the grounding
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FPN: See 250.24(C) for size of ac system conductor brought on solder shall not be used. Ground clamps shall be listed for
to service equipment. the materials of the grounding electrode and the grounding

electrode conductor and, where used on pipe, rod, or other(A) Connections to Rod, Pipe, or Plate Electrodes.
buried electrodes, shall also be listed for direct soil burialWhere the grounding electrode conductor is connected to
or concrete encasement. Not more than one conductor shallrod, pipe, or plate electrodes as permitted in 250.52(A)(5)
be connected to the grounding electrode by a single clampor (A)(6), that portion of the conductor that is the sole
or fitting unless the clamp or fitting is listed for multipleconnection to the grounding electrode shall not be required
conductors. One of the following methods shall be used:to be larger than 6 AWG copper wire or 4 AWG aluminum

wire. (1) A pipe fitting, pipe plug, or other approved device
screwed into a pipe or pipe fitting(B) Connections to Concrete-Encased Electrodes.

(2) A listed bolted clamp of cast bronze or brass, or plainWhere the grounding electrode conductor is connected to a
or malleable ironconcrete-encased electrode as permitted in 250.52(A)(3),

(3) For indoor telecommunications purposes only, a listedthat portion of the conductor that is the sole connection to
sheet metal strap-type ground clamp having a rigid metalthe grounding electrode shall not be required to be larger
base that seats on the electrode and having a strap ofthan 4 AWG copper wire.
such material and dimensions that it is not likely to
stretch during or after installation(C) Connections to Ground Rings. Where the grounding

(4) An equally substantial approved meanselectrode conductor is connected to a ground ring as permit-
ted in 250.52(A)(4), that portion of the conductor that is
the sole connection to the grounding electrode shall not be

IV. Enclosure, Raceway, and Service Cable Grounding
required to be larger than the conductor used for the ground

250.80 Service Raceways and Enclosures. Metal enclo-ring.
sures and raceways for service conductors and equipment
shall be grounded.250.68 Grounding Electrode Conductor and Bonding

Jumper Connection to Grounding Electrodes. Exception: A metal elbow that is installed in an underground
installation of rigid nonmetallic conduit and is isolated from(A) Accessibility. The connection of a grounding electrode
possible contact by a minimum cover of 450 mm (18 in.) toconductor or bonding jumper to a grounding electrode shall
any part of the elbow shall not be required to be grounded.be accessible.

Exception No. 1: An encased or buried connection to a 250.84 Underground Service Cable or Raceway.
concrete-encased, driven, or buried grounding electrode

(A) Underground Service Cable. The sheath or armor ofshall not be required to be accessible.
a continuous underground metal-sheathed or armored service

Exception No. 2: An exothermic or irreversible compression
cable system that is bonded to the grounded underground

connection to fire-proofed structural metal shall not be re-
system shall not be required to be grounded at the building

quired to be accessible.
or structure. The sheath or armor shall be permitted to be
insulated from the interior metal raceway conduit or piping.(B) Effective Grounding Path. The connection of a

grounding electrode conductor or bonding jumper to a (B) Underground Service Raceway Containing Cable.
grounding electrode shall be made in a manner that will

An underground metal service raceway that contains a metal-
ensure a permanent and effective grounding path. Where

sheathed or armored cable bonded to the grounded under-
necessary to ensure the grounding path for a metal piping

ground system shall not be required to be grounded at the
system used as a grounding electrode, effective bonding

building or structure. The sheath or armor shall be permitted
shall be provided around insulated joints and around any

to be insulated from the interior metal raceway or piping.
equipment likely to be disconnected for repairs or replace-
ment. Bonding conductors shall be of sufficient length to

250.86 Other Conductor Enclosures and Raceways. Ex-
permit removal of such equipment while retaining the integ-

cept as permitted by 250.112(I), metal enclosures and race-
rity of the bond.

ways for other than service conductors shall be grounded.

250.70 Methods of Grounding and Bonding Conductor Exception No. 1: Metal enclosures and raceways for con-
ductors added to existing installations of open wire, knobConnection to Electrodes. The grounding or bonding con-

ductor shall be connected to the grounding electrode by and tube wiring, and nonmetallic-sheathed cable shall not
be required to be grounded where these enclosures or wiringexothermic welding, listed lugs, listed pressure connectors,

listed clamps, or other listed means. Connections depending methods comply with (1) through (4) as follows:
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(1) Do not provide an equipment ground outs that are punched or otherwise formed so as to impair
the electrical connection to ground. Standard locknuts or(2) Are in runs of less than 7.5 m (25 ft)

(3) Are free from probable contact with ground, grounded bushings shall not be the sole means for the bonding required
by this section.metal, metal lath, or other conductive material

(4) Are guarded against contact by persons
250.94 Bonding for Other Systems. An accessible means

Exception No. 2: Short sections of metal enclosures or race-
external to enclosures for connecting intersystem bonding

ways used to provide support or protection of cable assem-
and grounding electrode conductors shall be provided at the

blies from physical damage shall not be required to be
service equipment and at the disconnecting means for any

grounded.
additional buildings or structures by at least one of the

Exception No. 3: A metal elbow shall not be required to be following means:
grounded where it is installed in a nonmetallic raceway and

(1) Exposed nonflexible metallic racewaysis isolated from possible contact by a minimum cover of
(2) Exposed grounding electrode conductor450 mm (18 in.) to any part of the elbow or is encased in
(3) Approved means for the external connection of a coppernot less than 50 mm (2 in.) of concrete.

or other corrosion-resistant bonding or grounding con-
ductor to the grounded raceway or equipment

V. Bonding
FPN No. 1: A 6 AWG copper conductor with one end

250.90 General. Bonding shall be provided where neces- bonded to the grounded nonflexible metallic raceway or
equipment and with 150 mm (6 in.) or more of the othersary to ensure electrical continuity and the capacity to con-
end made accessible on the outside wall is an example ofduct safely any fault current likely to be imposed.
the approved means covered in 250.94(3).

250.92 Services. FPN No. 2: See 800.100, 810.21, and 820.100 for bonding
and grounding requirements for communications circuits,

(A) Bonding of Services. The non–current-carrying metal radio and television equipment, and CATV circuits.
parts of equipment indicated in 250.92(A)(1), (A)(2), and
(A)(3) shall be effectively bonded together. 250.96 Bonding Other Enclosures.

(1) The service raceways, cable trays, cablebus framework, (A) General. Metal raceways, cable trays, cable armor,
auxiliary gutters, or service cable armor or sheath except cable sheath, enclosures, frames, fittings, and other metal
as permitted in 250.84. non–current-carrying parts that are to serve as grounding

(2) All service enclosures containing service conductors, conductors, with or without the use of supplementary equip-
including meter fittings, boxes, or the like, interposed ment grounding conductors, shall be effectively bonded
in the service raceway or armor. where necessary to ensure electrical continuity and the ca-

(3) Any metallic raceway or armor enclosing a grounding pacity to conduct safely any fault current likely to be imposed
electrode conductor as specified in 250.64(B). Bonding on them. Any nonconductive paint, enamel, or similar coat-
shall apply at each end and to all intervening raceways, ing shall be removed at threads, contact points, and contact
boxes, and enclosures between the service equipment surfaces or be connected by means of fittings designed so
and the grounding electrode. as to make such removal unnecessary.

(B) Method of Bonding at the Service. Electrical continu- 250.102 Equipment Bonding Jumpers.
ity at service equipment, service raceways, and service con-

(A) Material. Equipment bonding jumpers shall be of cop-ductor enclosures shall be ensured by one of the following
per or other corrosion-resistant material. A bonding jumpermethods:
shall be a wire, bus, screw, or similar suitable conductor.

(1) Bonding equipment to the grounded service conductor
(B) Attachment. Equipment bonding jumpers shall bein a manner provided in 250.8
attached in the manner specified by the applicable provisions(2) Connections utilizing threaded couplings or threaded
of 250.8 for circuits and equipment and by 250.70 forbosses on enclosures where made up wrenchtight
grounding electrodes.(3) Threadless couplings and connectors where made up

tight for metal raceways and metal-clad cables
(C) Size — Equipment Bonding Jumper on Supply Side(4) Other listed devices, such as bonding-type locknuts,
of Service. The bonding jumper shall not be smaller thanbushings, or bushings with bonding jumpers
the sizes shown in Table 250.66 for grounding electrode
conductors. Where the service-entrance phase conductorsBonding jumpers meeting the other requirements of this

article shall be used around concentric or eccentric knock- are larger than 1100 kcmil copper or 1750 kcmil aluminum,
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the bonding jumper shall have an area not less than 121⁄2 The bonding jumper(s) shall be sized in accordance with
Table 250.66 except as permitted in 250.104(A)(2) andpercent of the area of the largest phase conductor except

that, where the phase conductors and the bonding jumper (A)(3).
are of different materials (copper or aluminum), the mini-

(2) Buildings of Multiple Occupancy. In buildings of mul-mum size of the bonding jumper shall be based on the
tiple occupancy where the metal water piping system(s)assumed use of phase conductors of the same material as
installed in or attached to a building or structure for thethe bonding jumper and with an ampacity equivalent to that
individual occupancies is metallically isolated from all otherof the installed phase conductors. Where the service-entrance
occupancies by use of nonmetallic water piping, the metalconductors are paralleled in two or more raceways or cables,
water piping system(s) for each occupancy shall be permittedthe equipment bonding jumper, where routed with the race-
to be bonded to the equipment grounding terminal of theways or cables, shall be run in parallel. The size of the
panelboard or switchboard enclosure (other than servicebonding jumper for each raceway or cable shall be based
equipment) supplying that occupancy. The bonding jumperon the size of the service-entrance conductors in each race-
shall be sized in accordance with Table 250.122.way or cable.

(3) Multiple Buildings or Structures Supplied by a Feed-(D) Size — Equipment Bonding Jumper on Load Side
er(s) or Branch Circuit(s). The metal water piping sys-of Service. The equipment bonding jumper on the load
tem(s) installed in or attached to a building or structure shallside of the service overcurrent devices shall be sized, as a
be bonded to the building or structure disconnecting meansminimum, in accordance with the sizes listed in Table
enclosure where located at the building or structure, to the250.122, but shall not be required to be larger than the largest
equipment grounding conductor run with the supply conduc-ungrounded circuit conductors supplying the equipment and
tors, or to the one or more grounding electrodes used. Theshall not be smaller than 14 AWG.
bonding jumper(s) shall be sized in accordance with 250.66,A single common continuous equipment bonding
based on the size of the feeder or branch circuit conductorsjumper shall be permitted to bond two or more raceways or
that supply the building. The bonding jumper shall not becables where the bonding jumper is sized in accordance with
required to be larger than the largest ungrounded feeder orTable 250.122 for the largest overcurrent device supplying
branch circuit conductor supplying the building.circuits therein.

(B) Other Metal Piping. Where installed in or attached to(E) Installation. The equipment bonding jumper shall be
a building or structure, metal piping system(s), includingpermitted to be installed inside or outside of a raceway or
gas piping, that is likely to become energized shall be bondedenclosure. Where installed on the outside, the length of the
to the service equipment enclosure, the grounded conductorequipment bonding jumper shall not exceed 1.8 m (6 ft)
at the service, the grounding electrode conductor where ofand shall be routed with the raceway or enclosure. Where
sufficient size, or to the one or more grounding electrodesinstalled inside of a raceway, the equipment bonding jumper
used. The bonding jumper(s) shall be sized in accordanceshall comply with the requirements of 250.119 and 250.148.
with 250.122, using the rating of the circuit that is likely to

Exception: An equipment bonding jumper longer than energize the piping system(s). The equipment grounding
1.8 m (6 ft) shall be permitted at outside pole locations for conductor for the circuit that is likely to energize the piping
the purpose of bonding or grounding isolated sections of shall be permitted to serve as the bonding means. The points
metal raceways or elbows installed in exposed risers of of attachment of the bonding jumper(s) shall be accessible.
metal conduit or other metal raceway.

FPN: Bonding all piping and metal air ducts within the
premises will provide additional safety.

250.104 Bonding of Piping Systems and Exposed Struc-
tural Steel. 250.106 Lightning Protection Systems. The lightning

protection system ground terminals shall be bonded to the(A) Metal Water Piping. The metal water piping system
building or structure grounding electrode system.shall be bonded as required in (A)(1), (A)(2), or (A)(3) of

this section. The bonding jumper(s) shall be installed in FPN No. 1: See 250.60 for use of air terminals. For further
accordance with 250.64(A), (B), and (E). The points of information, see NFPA 780-2004, Standard for the Installa-
attachment of the bonding jumper(s) shall be accessible. tion of Lightning Protection Systems, which contains detailed

information on grounding, bonding, and spacing from light-
ning protection systems.(1) General. Metal water piping system(s) installed in or

attached to a building or structure shall be bonded to the
FPN No. 2: Metal raceways, enclosures, frames, and other

service equipment enclosure, the grounded conductor at the non–current-carrying metal parts of electric equipment in-
service, the grounding electrode conductor where of suffi- stalled on a building equipped with a lightning protection

system may require bonding or spacing from the lightningcient size, or to the one or more grounding electrodes used.
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protection conductors in accordance with NFPA 780-2004, 250.114 Equipment Connected by Cord and Plug. Under
Standard for the Installation of Lightning Protection Sys- any of the conditions described in 250.114(3), exposed
tems. Separation from lightning protection conductors is

non–current-carrying metal parts of cord-and-plug-con-typically 1.8 m (6 ft) through air or 900 mm (3 ft) through
nected equipment likely to become energized shall bedense materials such as concrete, brick, or wood.
grounded.

Exception: Listed tools, listed appliances, and listed equip-
VI. Equipment Grounding and Equipment Grounding

ment covered in 250.114(3) shall not be required to be
Conductors

grounded where protected by a system of double insulation
or its equivalent. Double insulated equipment shall be dis-250.110 Equipment Fastened in Place or Connected by
tinctively marked.Permanent Wiring Methods (Fixed). Exposed non–cur-

rent-carrying metal parts of fixed equipment likely to be-
(3) In residential occupancies:come energized shall be grounded under any of the following

a. Refrigerators, freezers, and air conditionersconditions:
b. Clothes-washing, clothes-drying, dish-washing ma-

(1) Where within 2.5 m (8 ft) vertically or 1.5 m (5 ft) chines; kitchen waste disposers; information technol-
horizontally of ground or grounded metal objects and ogy equipment; sump pumps and electrical aquarium
subject to contact by persons equipment

(2) Where located in a wet or damp location and not isolated c. Hand-held motor-operated tools, stationary and fixed
(3) Where in electrical contact with metal motor-operated tools, light industrial motor-operated
(5) Where supplied by a metal-clad, metal-sheathed, metal- tools

raceway, or other wiring method that provides an equip- d. Motor-operated appliances of the following types:
ment ground, except as permitted by 250.86, Exception hedge clippers, lawn mowers, snow blowers, and wet
No. 2, for short sections of metal enclosures scrubbers

(6) Where equipment operates with any terminal at over e. Portable handlamps
150 volts to ground

250.116 Nonelectric Equipment.
Exception No. 1: Metal frames of electrically heated appli-

FPN: Where extensive metal in or on buildings may becomeances, exempted by special permission, in which case the
energized and is subject to personal contact, adequate bond-frames shall be permanently and effectively insulated from
ing and grounding will provide additional safety.ground.

250.118 Types of Equipment Grounding Conductors.
250.112 Fastened in Place or Connected by Permanent The equipment grounding conductor run with or enclosing
Wiring Methods (Fixed) — Specific. Exposed, non–cur- the circuit conductors shall be one or more or a combination
rent-carrying metal parts of the kinds of equipment described of the following:
in 250.112(I) and (J), and non–current-carrying metal parts
of equipment and enclosures described in 250.112(L) and (1) A copper, aluminum, or copper-clad aluminum conduc-
(M), shall be grounded regardless of voltage. tor. This conductor shall be solid or stranded; insulated,

covered, or bare; and in the form of a wire or a busbar
(I) Power-Limited Remote-Control, Signaling, and Fire of any shape.
Alarm Circuits. Equipment supplied by Class 1 power- (2) Rigid metal conduit.
limited circuits and Class 1, Class 2, and Class 3 remote- (3) Intermediate metal conduit.
control and signaling circuits, and by fire alarm circuits, (4) Electrical metallic tubing.
shall be grounded where system grounding is required by (5) Listed flexible metal conduit meeting all the following
Part II or Part VIII of this article. conditions:

a. The conduit is terminated in fittings listed for(J) Luminaires (Lighting Fixtures). Luminaires (lighting
grounding.fixtures) as provided in Part V of Article 410.

b. The circuit conductors contained in the conduit are
protected by overcurrent devices rated at 20 amperes(L) Motor-Operated Water Pumps. Motor-operated
or less.water pumps, including the submersible type.

c. The combined length of flexible metal conduit and
flexible metallic tubing and liquidtight flexible(M) Metal Well Casings. Where a submersible pump is

used in a metal well casing, the well casing shall be bonded metal conduit in the same ground return path does
not exceed 1.8 m (6 ft).to the pump circuit equipment grounding conductor.
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d. Where used to connect equipment where flexibility grounding conductors shall be permitted to be bare, covered,
or insulated. Individually covered or insulated equipmentis necessary after installation, an equipment ground-

ing conductor shall be installed. grounding conductors shall have a continuous outer finish
that is either green or green with one or more yellow stripes

(6) Listed liquidtight flexible metal conduit meeting all
except as permitted in this section. Conductors with insula-

the following conditions:
tion or individual covering that is green, green with one or

a. The conduit is terminated in fittings listed for more yellow stripes, or otherwise identified as permitted by
grounding. this section shall not be used for ungrounded or grounded

b. For metric designators 12 through 16 (trade sizes circuit conductors.
3⁄8 through 1⁄2), the circuit conductors contained in

(A) Conductors Larger Than 6 AWG. Equipmentthe conduit are protected by overcurrent devices
grounding conductors larger than 6 AWG shall comply withrated at 20 amperes or less.
250.119(A)(1) and (A)(2).c. For metric designators 21 through 35 (trade sizes

3⁄4 through 11⁄4), the circuit conductors contained in
(1) An insulated or covered conductor larger than 6 AWGthe conduit are protected by overcurrent devices

shall be permitted, at the time of installation, to berated not more than 60 amperes and there is no
permanently identified as an equipment grounding con-flexible metal conduit, flexible metallic tubing, or
ductor at each end and at every point where the conduc-liquidtight flexible metal conduit in trade sizes met-
tor is accessible.ric designators 12 through 16 (trade sizes 3⁄8 through

1⁄2) in the grounding path.
Exception: Conductors larger than 6 AWG shall not bed. The combined length of flexible metal conduit and
required to be marked in conduit bodies that contain noflexible metallic tubing and liquidtight flexible
splices or unused hubs.metal conduit in the same ground return path does

not exceed 1.8 m (6 ft).
(2) Identification shall encircle the conductor and shall bee. Where used to connect equipment where flexibility

accomplished by one of the following:is necessary after installation, an equipment ground-
ing conductor shall be installed. a. Stripping the insulation or covering from the entire

exposed length(7) Flexible metallic tubing where the tubing is terminated
b. Coloring the exposed insulation or covering greenin fittings listed for grounding and meeting the follow-
c. Marking the exposed insulation or covering withing conditions:

green tape or green adhesive labels
a. The circuit conductors contained in the tubing are

protected by overcurrent devices rated at 20 amperes 250.120 Equipment Grounding Conductor Installation.
or less. An equipment grounding conductor shall be installed in

b. The combined length of flexible metal conduit and accordance with 250.120(A), (B), and (C).
flexible metallic tubing and liquidtight flexible

(A) Raceway, Cable Trays, Cable Armor, Cablebus, ormetal conduit in the same ground return path does
Cable Sheaths. Where it consists of a raceway, cable tray,not exceed 1.8 m (6 ft).
cable armor, cablebus framework, or cable sheath or where

(8) Armor of Type AC cable as provided in 320.108 in
it is a wire within a raceway or cable, it shall be installed

the NEC.
in accordance with the applicable provisions in this Code

(10) Type MC cable where listed and identified for ground-
using fittings for joints and terminations approved for use

ing in accordance with the following:
with the type raceway or cable used. All connections, joints,

a. The combined metallic sheath and grounding con- and fittings shall be made tight using suitable tools.
ductor of interlocked metal tape–type MC cable

(B) Aluminum and Copper-Clad Aluminum Conduc-b. The metallic sheath or the combined metallic sheath
tors. Equipment grounding conductors of bare or insulatedand grounding conductors of the smooth or corru-
aluminum or copper-clad aluminum shall be permitted. Baregated tube type MC cable
conductors shall not come in direct contact with masonry

(13) Other listed electrically continuous metal raceways and or the earth or where subject to corrosive conditions.
listed auxiliary gutters. Aluminum or copper-clad aluminum conductors shall not

(14) Surface metal raceways listed for grounding. be terminated within 450 mm (18 in.) of the earth.

250.119 Identification of Equipment Grounding Con- (C) Equipment Grounding Conductors Smaller Than 6
AWG. Equipment grounding conductors smaller than 6ductors. Unless required elsewhere in this Code, equipment
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Table 250.122 Minimum Size Equipment GroundingAWG shall be protected from physical damage by a raceway
Conductors for Grounding Raceway and Equipmentor cable armor except where run in hollow spaces of walls

or partitions, where not subject to physical damage, or where
Size (AWG or kcmil)protected from physical damage. Rating or Setting of Automatic

Overcurrent Device in Circuit Aluminum or
Ahead of Equipment, Conduit, Copper-Clad250.122 Size of Equipment Grounding Conductors.
etc., Not Exceeding (Amperes) Copper Aluminum*

(A) General. Copper, aluminum, or copper-clad aluminum
15 14 12equipment grounding conductors of the wire type shall not
20 12 10be smaller than shown in Table 250.122 but shall not be
30 10 8

required to be larger than the circuit conductors supplying
the equipment. Where a raceway or a cable armor or sheath 40 10 8
is used as the equipment grounding conductor, as provided 60 10 8
in 250.118 and 250.134(A), it shall comply with 250.4(A)(5). 100 8 6

200 6 4(B) Increased in Size. Where ungrounded conductors are
300 4 2increased in size, equipment grounding conductors, where
400 3 1installed, shall be increased in size proportionately according

to circular mil area of the ungrounded conductors. 500 2 1/0
600 1 2/0

(C) Multiple Circuits. Where a single equipment ground- 800 1/0 3/0
ing conductor is run with multiple circuits in the same race-

1000 2/0 4/0way or cable, it shall be sized for the largest overcurrent
1200 3/0 250device protecting conductors in the raceway or cable.
1600 4/0 350

(E) Flexible Cord and Fixture Wire. The equipment
2000 250 400grounding conductor in a flexible cord with the largest circuit
2500 350 600conductor 10 AWG or smaller, and the equipment grounding
3000 400 600

conductor used with fixture wires of any size in accordance
with 240.5 in the NEC, shall not be smaller than 18 AWG 4000 500 800
copper and shall not be smaller than the circuit conductors. 5000 700 1200

6000 800 1200The equipment grounding conductor in a flexible cord with
a circuit conductor larger than 10 AWG shall be sized in

Note: Where necessary to comply with 250.4(A)(5) or (B)(4),accordance with Table 250.122.
the equipment grounding conductor shall be sized larger than given
in this table.

(F) Conductors in Parallel. Where conductors are run in *See installation restrictions in 250.120.
parallel in multiple raceways or cables as permitted in 310.4,
the equipment grounding conductors, where used, shall be
run in parallel in each raceway or cable. One of the methods locked equipment, plugs, receptacles, and connectors pre-
in 250.122(F)(1) shall be used to ensure the equipment clude energization without grounding continuity.
grounding conductors are protected.

(B) Switches. No automatic cutout or switch shall be
(1) Based on Rating of Overcurrent Protective Device. placed in the equipment grounding conductor of a premises
Each parallel equipment grounding conductor shall be sized wiring system unless the opening of the cutout or switch
on the basis of the ampere rating of the overcurrent device disconnects all sources of energy.
protecting the circuit conductors in the raceway or cable in
accordance with Table 250.122. 250.126 Identification of Wiring Device Terminals. The

terminal for the connection of the equipment grounding
conductor shall be identified by one of the following:250.124 Equipment Grounding Conductor Continuity.

(1) A green, not readily removable terminal screw with a(A) Separable Connections. Separable connections such
as those provided in drawout equipment or attachment plugs hexagonal head.

(2) A green, hexagonal, not readily removable terminal nut.and mating connectors and receptacles shall provide for
first-make, last-break of the equipment grounding conductor. (3) A green pressure wire connector. If the terminal for

the grounding conductor is not visible, the conductorFirst-make, last-break shall not be required where inter-
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250.134 Equipment Fastened in Place or Connected byentrance hole shall be marked with the word green or
ground, the letters G or GR, a grounding symbol, or Permanent Wiring Methods (Fixed) — Grounding. Un-

less grounded by connection to the grounded circuit conduc-otherwise identified by a distinctive green color. If the
terminal for the equipment grounding conductor is tor as permitted by 250.32, 250.140, and 250.142,

non–current-carrying metal parts of equipment, raceways,readily removable, the area adjacent to the terminal shall
be similarly marked. and other enclosures, if grounded, shall be grounded by one

of the following methods.
FPN: See FPN Figure 250.126.

(A) Equipment Grounding Conductor Types. By any of
the equipment grounding conductors permitted by 250.118.

(B) With Circuit Conductors. By an equipment ground-
FPN Figure 250.126 One Example of a Symbol Used to ing conductor contained within the same raceway, cable, or
Identify the Grounding Termination Point for an

otherwise run with the circuit conductors.Equipment Grounding Conductor.

Exception No. 1: As provided in 250.130(C), the equipment
grounding conductor shall be permitted to be run separately

VII. Methods of Equipment Grounding
from the circuit conductors.

250.130 Equipment Grounding Conductor Connections.
FPN No. 2: See 400.7 for use of cords for fixed equipment.

Equipment grounding conductor connections at the source
of separately derived systems shall be made in accordance

250.136 Equipment Considered Effectively Grounded.
with 250.30(A)(1) in the NEC. Equipment grounding con-

Under the conditions specified in 250.136(A), the non–cur-
ductor connections at service equipment shall be made as

rent-carrying metal parts of the equipment shall be consid-
indicated in 250.130(A). For replacement of non–grounding-

ered effectively grounded.
type receptacles with grounding-type receptacles and for
branch-circuit extensions only in existing installations that (A) Equipment Secured to Grounded Metal Supports.
do not have an equipment grounding conductor in the branch Electrical equipment secured to and in electrical contact
circuit, connections shall be permitted as indicated in with a metal rack or structure provided for its support and
250.130(C). grounded by one of the means indicated in 250.134. The

structural metal frame of a building shall not be used as the
(A) For Grounded Systems. The connection shall be made required equipment grounding conductor for ac equipment.
by bonding the equipment grounding conductor to the
grounded service conductor and the grounding electrode 250.138 Cord-and-Plug-Connected Equipment. Non–
conductor. current-carrying metal parts of cord-and-plug-connected

equipment, if grounded, shall be grounded by one of the(C) Nongrounding Receptacle Replacement or Branch
methods in 250.138(A) or (B).Circuit Extensions. The equipment grounding conductor

of a grounding-type receptacle or a branch-circuit extension (A) By Means of an Equipment Grounding Conductor.
shall be permitted to be connected to any of the following: By means of an equipment grounding conductor run with

the power supply conductors in a cable assembly or flexible
(1) Any accessible point on the grounding electrode system

cord properly terminated in a grounding-type attachment
as described in 250.50

plug with one fixed grounding contact.
(2) Any accessible point on the grounding electrode con-

ductor Exception: The grounding contacting pole of grounding-
type plug-in ground-fault circuit interrupters shall be permit-(3) The equipment grounding terminal bar within the enclo-

sure where the branch circuit for the receptacle or branch ted to be of the movable, self-restoring type on circuits
operating at not over 150 volts between any two conductorscircuit originates

(4) For grounded systems, the grounded service conductor or over 150 volts between any conductor and ground.
within the service equipment enclosure

(B) By Means of a Separate Flexible Wire or Strap. By
FPN: See 406.3(D) for the use of a ground-fault circuit- means of a separate flexible wire or strap, insulated or bare,
interrupting type of receptacle. protected as well as practicable against physical damage,

where part of equipment.
250.132 Short Sections of Raceway. Isolated sections of

250.140 Frames of Ranges and Clothes Dryers. Framesmetal raceway or cable armor, where required to be
grounded, shall be grounded in accordance with 250.134. of electric ranges, wall-mounted ovens, counter-mounted
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(1) No service ground-fault protection is installed.cooking units, clothes dryers, and outlet or junction boxes
that are part of the circuit for these appliances shall be (2) All meter socket enclosures are located immediately

adjacent to the service disconnecting means.grounded in the manner specified by 250.134 or 250.138.
(3) The size of the grounded circuit conductor is not smaller

Exception: For existing branch circuit installations only
than the size specified in Table 250.122 for equipment

where an equipment grounding conductor is not present in
grounding conductors.

the outlet or junction box, the frames of electric ranges,
wall-mounted ovens, counter-mounted cooking units, clothes

250.146 Connecting Receptacle Grounding Terminal to
dryers, and outlet or junction boxes that are part of the

Box. An equipment bonding jumper shall be used to connect
circuit for these appliances shall be permitted to be grounded

the grounding terminal of a grounding-type receptacle to a
to the grounded circuit conductor if all the following condi-

grounded box unless grounded as in 250.146(A) through
tions are met.

(C).

(1) The supply circuit is 120/240-volt, single-phase, 3-wire;
(A) Surface Mounted Box. Where the box is mounted on

or 208Y/120-volt derived from a 3-phase, 4-wire, wye-
the surface, direct metal-to-metal contact between the device

connected system.
yoke and the box or a contact yoke or device that complies

(2) The grounded conductor is not smaller than 10 AWG
with 250.146(B) shall be permitted to ground the receptacle

copper or 8 AWG aluminum.
to the box. At least one of the insulating washers shall be

(3) The grounded conductor is insulated, or the grounded
removed from receptacles that do not have a contact yoke

conductor is uninsulated and part of a Type SE service-
or device that complies with 250.146(B) to ensure direct

entrance cable and the branch circuit originates at the
metal-to-metal contact. This provision shall not apply to

service equipment.
cover-mounted receptacles unless the box and cover combi-

(4) Grounding contacts of receptacles furnished as part of
nation are listed as providing satisfactory ground continuity

the equipment are bonded to the equipment.
between the box and the receptacle.

250.142 Use of Grounded Circuit Conductor for (B) Contact Devices or Yokes. Contact devices or yokes
Grounding Equipment. designed and listed as self-grounding shall be permitted

in conjunction with the supporting screws to establish the(A) Supply-Side Equipment. A grounded circuit conduc-
grounding circuit between the device yoke and flush-typetor shall be permitted to ground non–current-carrying metal
boxes.parts of equipment, raceways, and other enclosures at any

of the following locations: (C) Floor Boxes. Floor boxes designed for and listed as
providing satisfactory ground continuity between the box(1) On the supply side or within the enclosure of the ac
and the device shall be permitted.service-disconnecting means

(2) On the supply side or within the enclosure of the main
250.148 Continuity and Attachment of Equipmentdisconnecting means for separate buildings as provided
Grounding Conductors to Boxes. Where circuit conduc-in 250.32(B)
tors are spliced within a box, or terminated on equipment
within or supported by a box, any equipment grounding(B) Load-Side Equipment. Except as permitted in
conductor(s) associated with those circuit conductors shall250.32(B), a grounded circuit conductor shall not be used for
be spliced or joined within the box or to the box with devicesgrounding non–current-carrying metal parts of equipment on
suitable for the use in accordance with 250.148(A) throughthe load side of the service disconnecting means or on the
(E).load side of a separately derived system disconnecting means

or the overcurrent devices for a separately derived system
(A) Connections. Connections and splices shall be madenot having a main disconnecting means.
in accordance with 110.14(B) except that insulation shall

Exception No. 1: The frames of ranges, wall-mounted ovens, not be required.
counter-mounted cooking units, and clothes dryers under

(B) Grounding Continuity. The arrangement of ground-the conditions permitted for existing installations by 250.140
ing connections shall be such that the disconnection or theshall be permitted to be grounded by a grounded circuit
removal of a receptacle, luminaire (fixture), or other deviceconductor.
fed from the box does not interfere with or interrupt the

Exception No. 2: It shall be permissible to ground meter grounding continuity.
enclosures by connection to the grounded circuit conductor
on the load side of the service disconnect where all of the (C) Metal Boxes. A connection shall be made between the

one or more equipment grounding conductors and a metalfollowing conditions apply:
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The selection of a properly rated TVSS is based on criteriabox by means of a grounding screw that shall be used for
such as maximum continuous operating voltage, the magni-no other purpose or a listed grounding device.
tude and duration of overvoltages at the suppressor location
as affected by phase-to-ground faults, system grounding

(D) Nonmetallic Boxes. One or more equipment ground- techniques, and switching surges.
ing conductors brought into a nonmetallic outlet box shall
be arranged such that a connection can be made to any fitting

285.4 Number Required. Where used at a point on a cir-or device in that box requiring grounding.
cuit, the TVSS shall be connected to each ungrounded con-
ductor.(E) Solder. Connections depending solely on solder shall

not be used.
285.5 Listing. A TVSS shall be a listed device.

285.6 Short Circuit Current Rating. The TVSS shall beARTICLE 280
marked with a short circuit current rating and shall not beSurge Arresters 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.

Installations shall conform to the requirements of Article
280 of the 2005 National Electrical Code (NFPA 70-2005).

II. Installation

285.11 Location. TVSSs shall be permitted to be located
indoors or outdoors and shall be made inaccessible to unqual-ARTICLE 285
ified persons, unless listed for installation in accessible loca-Transient Voltage Surge
tions.Suppressors: TVSSs

285.12 Routing of Connections. The conductors used to
connect the TVSS to the line or bus and to ground shall notI. General
be any longer than necessary and shall avoid unnecessary

285.1 Scope. This article covers general requirements, in-
bends.

stallation requirements, and connection requirements for
transient voltage surge suppressors (TVSSs) permanently
installed on premises wiring systems. III. Connecting Transient Voltage Surge Suppressors

285.21 Connection. Where a TVSS is installed, it shall
285.2 Definition.

comply with 285.21(A) through (C).

Transient Voltage Surge Suppressor (TVSS). A protec-
(A) Location.tive device for limiting transient voltages by diverting or

limiting surge current; it also prevents continued flow of (1) Service Supplied Building or Structure. The transient
follow current while remaining capable of repeating these voltage surge suppressor shall be connected on the load
functions. side of a service disconnect overcurrent device required in

230.91, unless installed in accordance with 230.82(8) in the
285.3 Uses Not Permitted. A TVSS device shall not be NEC.
installed in the following:

(2) Feeder Supplied Building or Structure. The transient
voltage surge suppressor shall be connected on the load side(1) Circuits exceeding 600 volts

(2) On ungrounded systems, impedance grounded systems, of the first overcurrent device at the building or structure.
or corner grounded delta systems unless listed specifi-

Exception to (1) and (2): Where the TVSS is also listed ascally for use on these systems
a surge arrester, the connection shall be as permitted by(3) Where the rating of the TVSS is less than the maximum
Article 280 in the NEC.continuous phase-to-ground power frequency voltage

available at the point of application
(3) Separately Derived System. The TVSS shall be con-
nected on the load side of the first overcurrent device in aFPN: For further information on TVSSs, see NEMA LS 1-

1992, Standard for Low Voltage Surge Suppression Devices. separately derived system.
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(B) Conductor Size. Line and ground connecting conduc- conductor. The grounded conductor and the grounding con-
ductor shall be interconnected only by the normal operationtors shall not be smaller than 14 AWG copper or 12 AWG

aluminum. of the TVSS during a surge.

(C) Connection Between Conductors. A TVSS shall be 285.25 Grounding. Grounding conductors shall not be run
in metal enclosures unless bonded to both ends of suchpermitted to be connected between any two conductors —

ungrounded conductor(s), grounded conductor, grounding enclosure.
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Chapter 3 Wiring Methods and Materials

300.3 Conductors.
ARTICLE 300 (A) Single Conductors. Single conductors specified in

Wiring Methods Table 310.13 in the NEC shall only be installed where part
of a recognized wiring method of Chapter 3.

Exception: Individual conductors shall be permitted whereI. General Requirements
installed as separate overhead conductors in accordance

300.1 Scope. with 225.6.

(A) All Wiring Installations. This article covers wiring (B) Conductors of the Same Circuit. All conductors of
methods for all wiring installations unless modified by other the same circuit and, where used, the grounded conductor
articles. and all equipment grounding conductors and bonding con-

ductors shall be contained within the same raceway, auxiliary(B) Integral Parts of Equipment. The provisions of this
gutter, cable tray, cablebus assembly, trench, cable, or cord,article are not intended to apply to the conductors that form
unless otherwise permitted in accordance with 300.3(B)(1)an integral part of equipment, such as motors, controllers,
through (B)(3).motor control centers, or factory assembled control equip-

ment or listed utilization equipment. (1) Paralleled Installations. Conductors shall be permitted
to be run in parallel in accordance with the provisions of

(C) Metric Designators and Trade Sizes. Metric designa-
310.4. The requirement to run all circuit conductors within

tors and trade sizes for conduit, tubing, and associated fit-
the same raceway, auxiliary gutter, cable tray, trench, cable,

tings and accessories shall be as designated in Table
or cord shall apply separately to each portion of the paralleled

300.1(C).
installation, and the equipment grounding conductors shall
comply with the provisions of 250.122.Table 300.1(C) Metric Designator and Trade Sizes

Exception: Conductors installed in nonmetallic raceways
Metric Designator Trade Size run underground shall be permitted to be arranged as iso-

lated phase installations. The raceways shall be installed in
12 3⁄8

close proximity, and the conductors shall comply with the16 1⁄2
provisions of 300.20(B).21 3⁄4

27 1 (2) Grounding and Bonding Conductors. Equipment
35 11⁄4 grounding conductors shall be permitted to be installed out-
41 11⁄2

side a raceway or cable assembly where in accordance with53 2
the provisions of 250.130(C) for certain existing installations63 21⁄2
or in accordance with 250.134(B), Exception No. 2 in the78 3
NEC, for dc circuits. Equipment bonding conductors shall91 31⁄2
be permitted to be installed on the outside of raceways in103 4

129 5 accordance with 250.102(E).
155 6

(3) Nonferrous Wiring Methods. Conductors in wiring
methods with a nonmetallic or other nonmagnetic sheath,Note: The metric designators and trade sizes are for identification

purposes only and are not actual dimensions. where run in different raceways, auxiliary gutters, cable
trays, trenches, cables, or cords, shall comply with the pro-

300.2 Limitations. visions of 300.20(B). Conductors in single-conductor Type
MI cable with a nonmagnetic sheath shall comply with the(A) Voltage. Wiring methods specified in Chapter 3 shall
provisions of 332.31. Conductors of single-conductor Typebe used for 600 volts, nominal, or less where not specifically
MC cable with a nonmagnetic sheath shall comply with thelimited in some section of Chapter 3. They shall be permitted
provisions of 330.31, 330.116, and 300.20(B).for over 600 volts, nominal, where specifically permitted

elsewhere in this Code. (C) Conductors of Different Systems.

(B) Temperature. Temperature limitation of conductors (1) 600 Volts, Nominal, or Less. Conductors of circuits
rated 600 volts, nominal, or less, ac circuits, and dc circuitsshall be in accordance with 310.10.
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shall be permitted to occupy the same equipment wiring through either factory or field punched, cut, or drilled slots
or holes in metal members, the cable shall be protected byenclosure, cable, or raceway. All conductors shall have an

insulation rating equal to at least the maximum circuit volt- listed bushings or listed grommets covering all metal edges
that are securely fastened in the opening prior to installationage applied to any conductor within the enclosure, cable, or

raceway. of the cable.

Exception: For solar photovoltaic systems in accordance (2) Nonmetallic-Sheathed Cable and Electrical Nonme-
with 690.4(B) in the NEC. tallic Tubing. Where nails or screws are likely to penetrate

nonmetallic-sheathed cable or electrical nonmetallic tubing,FPN: See 725.55(A) for Class 2 and Class 3 circuit conduc-
a steel sleeve, steel plate, or steel clip not less than 1.6 mmtors.
(1⁄16 in.) in thickness shall be used to protect the cable or
tubing.300.4 Protection Against Physical Damage. Where sub-

ject to physical damage, conductors shall be protected. Exception: A listed and marked steel plate less than 1.6 mm
(1⁄16 in.) thick that provides equal or better protection against(A) Cables and Raceways Through Wood Members.
nail or screw penetration shall be permitted.

(1) Bored Holes. In both exposed and concealed locations,
(C) Cables Through Spaces Behind Panels Designed towhere a cable- or raceway-type wiring method is installed
Allow Access. Cables or raceway-type wiring methods, in-through bored holes in joists, rafters, or wood members,
stalled behind panels designed to allow access, shall beholes shall be bored so that the edge of the hole is not less
supported according to their applicable articles.than 32 mm (11⁄4 in.) from the nearest edge of the wood

member. Where this distance cannot be maintained, the cable
(D) Cables and Raceways Parallel to Framing Membersor raceway shall be protected from penetration by screws
and Furring Strips. In both exposed and concealed loca-or nails by a steel plate or bushing, at least 1.6 mm (1⁄16 in.)
tions, where a cable- or raceway-type wiring method isthick, and of appropriate length and width installed to cover
installed parallel to framing members, such as joists, rafters,the area of the wiring.
or studs, or is installed parallel to furring strips, the cable

Exception No. 1: Steel plates shall not be required to protect or raceway shall be installed and supported so that the nearest
rigid metal conduit, intermediate metal conduit, rigid non- outside surface of the cable or raceway is not less than 32
metallic conduit, or electrical metallic tubing. mm (11⁄4 in.) from the nearest edge of the framing member

or furring strips where nails or screws are likely to penetrate.Exception No. 2: A listed and marked steel plate less than
Where this distance cannot be maintained, the cable or race-1.6 mm (1⁄16 in.) thick that provides equal or better protection
way shall be protected from penetration by nails or screwsagainst nail or screw penetration shall be permitted.
by a steel plate, sleeve, or equivalent at least 1.6 mm
(1⁄16 in.) thick.(2) Notches in Wood. Where there is no objection because

of weakening the building structure, in both exposed and Exception No. 1: Steel plates, sleeves, or the equivalent
concealed locations, cables or raceways shall be permitted shall not be required to protect rigid metal conduit, interme-
to be laid in notches in wood studs, joists, rafters, or other diate metal conduit, rigid nonmetallic conduit, or electrical
wood members where the cable or raceway at those points metallic tubing.
is protected against nails or screws by a steel plate at least

Exception No. 2: For concealed work in finished buildings,1.6 mm (1⁄16 in.) thick, and of appropriate length and width,
or finished panels for prefabricated buildings where suchinstalled to cover the area of the wiring. The steel plate shall
supporting is impracticable, it shall be permissible to fishbe installed before the building finish is applied.
the cables between access points.

Exception No. 1: Steel plates shall not be required to protect
rigid metal conduit, intermediate metal conduit, rigid non- Exception No. 3: A listed and marked steel plate less than

1.6 mm (1⁄16 in.) thick that provides equal or better protectionmetallic conduit, or electrical metallic tubing.
against nail or screw penetration shall be permitted.

Exception No. 2: A listed and marked steel plate less than
1.6 mm (1⁄16 in.) thick that provides equal or better protection (E) Cables and Raceways Installed in Shallow Grooves.
against nail or screw penetration shall be permitted. Cable- or raceway-type wiring methods installed in a groove,

to be covered by wallboard, siding, paneling, carpeting, or(B) Nonmetallic-Sheathed Cables and Electrical Nonme-
similar finish, shall be protected by 1.6 mm (1⁄16 in.) thicktallic Tubing Through Metal Framing Members.
steel plate, sleeve, or equivalent or by not less than 32-mm
(11⁄4-in.) free space for the full length of the groove in which(1) Nonmetallic-Sheathed Cable. In both exposed and

concealed locations where nonmetallic-sheathed cables pass the cable or raceway is installed.
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Exception No. 1: Steel plates, sleeves, or the equivalent mm (18 in.) or more below grade shall have their location
identified by a warning ribbon that is placed in the trenchshall not be required to protect rigid metal conduit, interme-

diate metal conduit, rigid nonmetallic conduit, or electrical at least 300 mm (12 in.) above the underground installation.
metallic tubing.

(4) Enclosure or Raceway Damage. Where the enclosure
Exception No. 2: A listed and marked steel plate less than or raceway is subject to physical damage, the conductors
1.6 mm (1⁄16 in.) thick that provides equal or better protection shall be installed in rigid metal conduit, intermediate metal
against nail or screw penetration shall be permitted. conduit, Schedule 80 rigid nonmetallic conduit, or equiva-

lent.(F) Insulated Fittings. Where raceways containing un-
grounded conductors 4 AWG or larger enter a cabinet, box (E) Splices and Taps. Direct-buried conductors or cables
enclosure, or raceway, the conductors shall be protected by shall be permitted to be spliced or tapped without the use
a substantial fitting providing a smoothly rounded insulating of splice boxes. The splices or taps shall be made in accord-
surface, unless the conductors are separated from the fitting ance with 110.14(B).
or raceway by substantial insulating material that is securely
fastened in place. (F) Backfill. Backfill that contains large rocks, paving ma-

terials, cinders, large or sharply angular substances, or corro-Exception: Where threaded hubs or bosses that are an inte-
sive material shall not be placed in an excavation wheregral part of a cabinet, box enclosure, or raceway provide
materials may damage raceways, cables, or other substruc-a smoothly rounded or flared entry for conductors.
tures or prevent adequate compaction of fill or contribute
to corrosion of raceways, cables, or other substructures.Conduit bushings constructed wholly of insulating ma-

Where necessary to prevent physical damage to theterial shall not be used to secure a fitting or raceway. The
raceway or cable, protection shall be provided in the forminsulating fitting or insulating material shall have a tempera-
of granular or selected material, suitable running boards,ture rating not less than the insulation temperature rating of
suitable sleeves, or other approved means.the installed conductors.

(G) Raceway Seals. Conduits or raceways through which300.5 Underground Installations.
moisture may contact live parts shall be sealed or plugged

(A) Minimum Cover Requirements. Direct-buried cable at either or both ends.
or conduit or other raceways shall be installed to meet the

FPN: Presence of hazardous gases or vapors may also neces-minimum cover requirements of Table 300.5.
sitate sealing of underground conduits or raceways entering
buildings.(B) Listing. Cables and insulated conductors installed in

enclosures or raceways in underground installations shall be
(H) Bushing. A bushing, or terminal fitting, with an integ-

listed for use in wet locations.
ral bushed opening shall be used at the end of a conduit
or other raceway that terminates underground where the(C) Underground Cables Under Buildings. Underground
conductors or cables emerge as a direct burial wiring method.cable installed under a building shall be in a raceway that
A seal incorporating the physical protection characteristicsis extended beyond the outside walls of the building.
of a bushing shall be permitted to be used in lieu of a

(D) Protection from Damage. Direct-buried conductors bushing.
and cables shall be protected from damage in accordance

(I) Conductors of the Same Circuit. All conductors ofwith 300.5(D)(1) through (D)(4).
the same circuit and, where used, the grounded conductor

(1) Emerging from Grade. Direct-buried conductors and and all equipment grounding conductors shall be installed
enclosures emerging from grade shall be protected by enclo- in the same raceway or cable or shall be installed in close
sures or raceways extending from the minimum cover dis- proximity in the same trench.
tance below grade required by 300.5(A) to a point at least

Exception No. 1: Conductors in parallel in raceways or2.5 m (8 ft) above finished grade. In no case shall the
cables shall be permitted, but each raceway or cable shallprotection be required to exceed 450 mm (18 in.) below
contain all conductors of the same circuit including ground-finished grade.
ing conductors.

(2) Conductors Entering Buildings. Conductors entering
Exception No. 2: Isolated phase, polarity, grounded conduc-a building shall be protected to the point of entrance.
tor, and equipment grounding and bonding conductor instal-
lations shall be permitted in nonmetallic raceways or cables(3) Service Conductors. Underground service conductors

that are not encased in concrete and that are buried 450 with a nonmetallic covering or nonmagnetic sheath in close
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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

Column 4 Control of
Residential Irrigation and

Column 3 Branch Circuits Landscape
Nonmetallic Rated 120 Volts or Lighting Limited

Raceways Listed Less with GFCI to Not More Than
Column 2 for Direct Burial Protection and 30 Volts and

Column 1 Rigid Metal Without Concrete 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
Conductors Metal Conduit Raceways Amperes or Raceway

Location of Wiring
Method or Circuit mm in. mm in. mm in. mm in. mm in.

All locations not specified 600 24 150 6 450 18 300 12 150 6
below

In trench below 50-mm (2- 450 18 150 6 300 12 150 6 150 6
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 102-mm 450 18 100 4 100 4 150 6 150 6
(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, highways, 600 24 600 24 600 24 600 24 600 24
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 runways, 450 18 450 18 450 18 450 18 450 18
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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proximity where conductors are paralleled as permitted in crete or in direct contact with the earth, or in areas subject
to severe corrosive influences where made of material ap-310.4, and where the conditions of 300.20(B) are met.
proved for the condition, or where provided with corrosion

(J) Ground Movement. Where direct-buried conductors, protection approved for the condition.
raceways, or cables are subject to movement by settlement
or frost, direct-buried conductors, raceways, or cables shall (B) Non-Ferrous Metal Equipment. Non-ferrous race-
be arranged so as to prevent damage to the enclosed conduc- ways, cable trays, cablebus, auxiliary gutters, cable armor,
tors or to equipment connected to the raceways. boxes, cable sheathing, cabinets, elbows, couplings, nipples,

fittings, supports, and support hardware embedded or en-
FPN: This section recognizes ‘‘S’’ loops in underground

cased in concrete or in direct contact with the earth shall bedirect burial to raceway transitions, expansion fittings in
provided with supplementary corrosion protection.raceway risers to fixed equipment, and, generally, the provi-

sion of flexible connections to equipment subject to settle-
ment or frost heaves. (C) Nonmetallic Equipment. Nonmetallic raceways,

cable trays, cablebus, auxiliary gutters, boxes, cables with
(K) Directional Boring. Cables or raceways installed a nonmetallic outer jacket and internal metal armor or jacket,
using directional boring equipment shall be approved for cable sheathing, cabinets, elbows, couplings, nipples, fit-
the purpose. tings, supports, and support hardware shall be made of mate-

rial approved for the condition and shall comply with (C)(1)
300.6 Protection Against Corrosion and Deteriora- and (C)(2) as applicable to the specific installation.
tion. Raceways, cable trays, cablebus, auxiliary gutters,

(1) Exposed to Sunlight. Where exposed to sunlight, thecable armor, boxes, cable sheathing, cabinets, elbows, cou-
materials shall be listed as sunlight resistant or shall beplings, fittings, supports, and support hardware shall be of
identified as sunlight resistant.materials suitable for the environment in which they are to

be installed.
(2) Chemical Exposure. Where subject to exposure to

(A) Ferrous Metal Equipment. Ferrous metal raceways, chemical solvents, vapors, splashing, or immersion, materi-
cable trays, cablebus, auxiliary gutters, cable armor, boxes, als or coatings shall either be inherently resistant to chemi-
cable sheathing, cabinets, metal elbows, couplings, nipples, cals based on its listing or be identified for the specific
fittings, supports, and support hardware shall be suitably chemical reagent.
protected against corrosion inside and outside (except
threads at joints) by a coating of approved corrosion-resistant 300.10 Electrical Continuity of Metal Raceways and En-
material. Where corrosion protection is necessary and the closures. Metal raceways, cable armor, and other metal en-
conduit is threaded in the field, the threads shall be coated closures for conductors shall be metallically joined together
with an approved electrically conductive, corrosion-resistant into a continuous electric conductor and shall be connected
compound. to all boxes, fittings, and cabinets so as to provide effective

electrical continuity. Unless specifically permitted elsewhereException: Stainless steel shall not be required to have pro-
in this Code, raceways and cable assemblies shall be mechan-tective coatings.
ically secured to boxes, fittings, cabinets, and other enclo-
sures.(1) Protected from Corrosion Solely by Enamel. Where

protected from corrosion solely by enamel, ferrous metal
Exception No. 1: Short sections of raceways used to provideraceways, cable trays, cablebus, auxiliary gutters, cable
support or protection of cable assemblies from physical dam-armor, boxes, cable sheathing, cabinets, metal elbows, cou-
age shall not be required to be made electrically continuous.plings, nipples, fittings, supports, and support hardware shall

not be used outdoors or in wet locations as described in
300.11 Securing and Supporting.300.6(D) in the NEC.

(A) Secured in Place. Raceways, cable assemblies, boxes,(2) Organic Coatings on Boxes or Cabinets. Where boxes
cabinets, and fittings shall be securely fastened in place.or cabinets have an approved system of organic coatings
Support wires that do not provide secure support shall not beand are marked ‘‘Raintight,’’ ‘‘Rainproof,’’ or ‘‘Outdoor
permitted as the sole support. Support wires and associatedType,’’ they shall be permitted outdoors.
fittings that provide secure support and that are installed in
addition to the ceiling grid support wires shall be permitted(3) In Concrete or in Direct Contact with the Earth. Fer-

rous metal raceways, cable armor, boxes, cable sheathing, as the sole support. Where independent support wires are
used, they shall be secured at both ends. Cables and racewayscabinets, elbows, couplings, nipples, fittings, supports, and

support hardware shall be permitted to be installed in con- shall not be supported by ceiling grids.
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300.13 Mechanical and Electrical Continuity —(1) Fire-Rated Assemblies. Wiring located within the cav-
ity of a fire-rated floor–ceiling or roof–ceiling assembly Conductors.
shall not be secured to, or supported by, the ceiling assembly,

(A) General. Conductors in raceways shall be continuousincluding the ceiling support wires. An independent means
between outlets, boxes, devices, and so forth. There shallof secure support shall be provided and shall be permitted
be no splice or tap within a raceway unless permitted byto be attached to the assembly. Where independent support
300.15; and 368.56(A); 376.56; 378.56; 384.56; 386.56;wires are used, they shall be distinguishable by color, tag-
388.56; or 390.6 in the NEC.ging, or other effective means from those that are part of

the fire-rated design. (B) Device Removal. In multiwire branch circuits, the con-
tinuity of a grounded conductor shall not depend on deviceException: The ceiling support system shall be permitted
connections such as lampholders, receptacles, and so forth,to support wiring and equipment that have been tested as
where the removal of such devices would interrupt the conti-part of the fire-rated assembly.
nuity.

FPN: One method of determining fire rating is testing in
accordance with NFPA 251-1999, Standard Methods of Tests 300.14 Length of Free Conductors at Outlets, Junctions,
of Fire Endurance of Building Construction and Materials.

and Switch Points. At least 150 mm (6 in.) of free conduc-
tor, measured from the point in the box where it emerges(2) Non–Fire-Rated Assemblies. Wiring located within
from its raceway or cable sheath, shall be left at each outlet,the cavity of a non–fire-rated floor–ceiling or roof–ceiling
junction, and switch point for splices or the connection ofassembly shall not be secured to, or supported by, the ceiling
luminaires (fixtures) or devices. Where the opening to anassembly, including the ceiling support wires. An indepen-
outlet, junction, or switch point is less than 200 mm (8 in.)dent means of secure support shall be provided.
in any dimension, each conductor shall be long enough to

Exception: The ceiling support system shall be permitted extend at least 75 mm (3 in.) outside the opening.
to support branch-circuit wiring and associated equipment

Exception: Conductors that are not spliced or terminatedwhere installed in accordance with the ceiling system manu-
at the outlet, junction, or switch point shall not be requiredfacturer’s instructions.
to comply with 300.14.

(B) Raceways Used as Means of Support. Raceways shall
be used only as a means of support for other raceways, 300.15 Boxes, Conduit Bodies, or Fittings — Where Re-
cables, or nonelectric equipment under any of the following quired. A box shall be installed at each outlet and switch
conditions: point for concealed knob-and-tube wiring.

Fittings and connectors shall be used only with the
(1) Where the raceway or means of support is identified specific wiring methods for which they are designed and

for the purpose listed.
(2) Where the raceway contains power supply conductors Where the wiring method is conduit, tubing, Type AC

for electrically controlled equipment and is used to sup- cable, Type MC cable, Type MI cable, nonmetallic-sheathed
port Class 2 circuit conductors or cables that are solely cable, or other cables, a box or conduit body shall be installed
for the purpose of connection to the equipment control at each conductor splice point, outlet point, switch point,
circuits junction point, termination point, or pull point, unless other-

(3) Where the raceway is used to support boxes or conduit wise permitted in 300.15(A), (B), (C), (E), (F), (G), (H),
bodies in accordance with 314.23 or to support lumi- (I), (J), (K), and (L).
naires (fixtures) in accordance with 410.16(F)

(A) Wiring Methods with Interior Access. A box or con-
(C) Cables Not Used as Means of Support. Cable wiring duit body shall not be required for each splice, junction,
methods shall not be used as a means of support for other switch, pull, termination, or outlet points in wiring methods
cables, raceways, or nonelectrical equipment. with removable covers, such as wireways, multioutlet assem-

blies, auxiliary gutters, and surface raceways. The covers
300.12 Mechanical Continuity — Raceways and Cables. shall be accessible after installation.
Metal or nonmetallic raceways, cable armors, and cable

(B) Equipment. An integral junction box or wiring com-sheaths shall be continuous between cabinets, boxes, fittings,
partment as part of approved equipment shall be permittedor other enclosures or outlets.
in lieu of a box.

Exception: Short sections of raceways used to provide sup-
port or protection of cable assemblies from physical damage (C) Protection. A box or conduit body shall not be required

where cables enter or exit from conduit or tubing that isshall not be required to be mechanically continuous.
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300.18 Raceway Installations.used to provide cable support or protection against physical
damage. A fitting shall be provided on the end(s) of the

(A) Complete Runs. Raceways, other than busways or ex-
conduit or tubing to protect the cable from abrasion.

posed raceways having hinged or removable covers, shall
be installed complete between outlet, junction, or splicing(E) Integral Enclosure. A wiring device with integral en-
points prior to the installation of conductors. Where requiredclosure identified for the use, having brackets that securely
to facilitate the installation of utilization equipment, thefasten the device to walls or ceilings of conventional on-
raceway shall be permitted to be initially installed withoutsite frame construction, for use with nonmetallic-sheathed
a terminating connection at the equipment. Prewired racewaycable, shall be permitted in lieu of a box or conduit body.
assemblies shall be permitted only where specifically permit-

FPN: See 334.30(C). ted in this Code for the applicable wiring method.

(F) Fitting. A fitting identified for the use shall be permit- Exception: Short sections of raceways used to contain con-
ted in lieu of a box or conduit body where conductors are ductors or cable assemblies for protection from physical
not spliced or terminated within the fitting. The fitting shall damage shall not be required to be installed complete be-
be accessible after installation. tween outlet, junction, or splicing points.

(G) Direct-Buried Conductors. As permitted in 300.5(E), (B) Welding. Metal raceways shall not be supported, termi-
a box or conduit body shall not be required for splices and nated, or connected by welding to the raceway unless specifi-
taps in direct-buried conductors and cables. cally designed to be or otherwise specifically permitted to

be in this Code.
(H) Insulated Devices. As permitted in 334.40(B), a box
or conduit body shall not be required for insulated devices

300.20 Induced Currents in Metal Enclosures or Metal
supplied by nonmetallic-sheathed cable.

Raceways.
(I) Enclosures. A box or conduit body shall not be required (A) Conductors Grouped Together. Where conductors
where a splice, switch, terminal, or pull point is in a cabinet carrying alternating current are installed in metal enclosures
or cutout box, in an enclosure for a switch or overcurrent or metal raceways, they shall be arranged so as to avoid
device as permitted in 312.8, in a motor controller as permit- heating the surrounding metal by induction. To accomplish
ted in 430.10(A) in the NEC, or in a motor control center. this, all phase conductors and, where used, the grounded

conductor and all equipment grounding conductors shall be(J) Luminaires (Fixtures). A box or conduit body shall
grouped together.not be required where a luminaire (fixture) is used as a

raceway as permitted in 410.31 and 410.32. Exception No. 1: Equipment grounding conductors for cer-
tain existing installations shall be permitted to be installed

(K) Embedded. A box or conduit body shall not be re-
separate from their associated circuit conductors where run

quired for splices where conductors are embedded as permit-
in accordance with the provisions of 250.130(C).

ted in 424.40, and 424.41(D).

(B) Individual Conductors. Where a single conductor car-
(L) Handhole Enclosures. Where accessible only to quali-

rying alternating current passes through metal with magnetic
fied persons, a box or conduit body shall not be required

properties, the inductive effect shall be minimized by (1)
for conductors in handhole enclosures, except where con-

cutting slots in the metal between the individual holes
necting to electrical equipment. The installation shall comply

through which the individual conductors pass or (2) passing
with the provisions of 314.30 for handhole enclosures.

all the conductors in the circuit through an insulating wall
sufficiently large for all of the conductors of the circuit.

300.17 Number and Size of Conductors in Raceway. The
FPN: Because aluminum is not a magnetic metal, there willnumber and size of conductors in any raceway shall not be
be no heating due to hysteresis; however, induced currentsmore than will permit dissipation of the heat and ready
will be present. They will not be of sufficient magnitude toinstallation or withdrawal of the conductors without damage
require grouping of conductors or special treatment in pass-

to the conductors or to their insulation. ing conductors through aluminum wall sections.

FPN: See the following sections of this Code: intermediate
metal conduit, 342.22; rigid metal conduit, 344.22; flexible 300.21 Spread of Fire or Products of Combustion. Elec-
metal conduit, 348.22; liquidtight flexible metal conduit, trical installations in hollow spaces, vertical shafts, and ven-
350.22; rigid nonmetallic conduit, 352.22; liquidtight non- tilation or air-handling ducts shall be made so that the
metallic flexible conduit, 356.22; electrical metallic tubing,

possible spread of fire or products of combustion will not358.22; electrical nonmetallic tubing, 362.22; Class 1, Class
be substantially increased. Openings around electrical pene-2, and Class 3 circuits, Article 725; and fire alarm circuits,

Article 760. trations through fire-resistant–rated walls, partitions, floors,
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(1) Wiring Methods. The wiring methods for such otheror ceilings shall be firestopped using approved methods to
maintain the fire resistance rating. space shall be limited to totally enclosed, nonventilated,

insulated busway having no provisions for plug-in connec-
FPN: Directories of electrical construction materials pub- tions, Type MI cable, Type MC cable without an overall
lished by qualified testing laboratories contain many listing nonmetallic covering, Type AC cable, or other factory-installation restrictions necessary to maintain the fire-re-

assembled multiconductor control or power cable that issistive rating of assemblies where penetrations or openings
specifically listed for the use, or listed prefabricated cableare made. Building codes also contain restrictions on mem-

brane penetrations on opposite sides of a fire-resis- assemblies of metallic manufactured wiring systems without
tance–rated wall assembly. An example is the 600-mm (24- nonmetallic sheath. Other types of cables and conductors
in.) minimum horizontal separation that usually applies be- shall be installed in electrical metallic tubing, flexible metal-tween boxes installed on opposite sides of the wall. Assis-

lic tubing, intermediate metal conduit, rigid metal conduittance in complying with 300.21 can be found in building
without an overall nonmetallic covering, flexible metal con-codes, fire resistance directories, and product listings.
duit, or, where accessible, surface metal raceway or metal
wireway with metal covers or solid bottom metal cable tray300.22 Wiring in Ducts, Plenums, and Other Air-
with solid metal covers.Handling Spaces. The provisions of this section apply to

the installation and uses of electric wiring and equipment (2) Equipment. Electrical equipment with a metal enclo-
in ducts, plenums, and other air-handling spaces. sure, or with a nonmetallic enclosure listed for the use and

having adequate fire-resistant and low-smoke-producingFPN: See Article 424, Part VI, for duct heaters.
characteristics, and associated wiring material suitable for
the ambient temperature shall be permitted to be installed(B) Ducts or Plenums Used for Environmental Air. Only
in such other space unless prohibited elsewhere in this Code.wiring methods consisting of Type MI cable, Type MC cable

employing a smooth or corrugated impervious metal sheath Exception: Integral fan systems shall be permitted where
without an overall nonmetallic covering, electrical metallic specifically identified for such use.
tubing, flexible metallic tubing, intermediate metal conduit,
or rigid metal conduit without an overall nonmetallic cov-

300.23 Panels Designed to Allow Access. Cables, race-ering shall be installed in ducts or plenums specifically
ways, and equipment installed behind panels designed tofabricated to transport environmental air. Flexible metal con-
allow access, including suspended ceiling panels, shall beduit shall be permitted, in lengths not to exceed 1.2 m
arranged and secured so as to allow the removal of panels(4 ft), to connect physically adjustable equipment and de-
and access to the equipment.vices permitted to be in these ducts and plenum chambers.

The connectors used with flexible metal conduit shall effec-
tively close any openings in the connection. Equipment and
devices shall be permitted within such ducts or plenum

ARTICLE 310chambers only if necessary for their direct action upon, or
Conductors for General Wiringsensing 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-

310.1 Scope. This article covers general requirements fortures) shall be permitted.
conductors and their type designations, insulations, mark-
ings, mechanical strengths, ampacity ratings, and uses. These(C) Other Space Used for Environmental Air. This sec-
requirements do not apply to conductors that form an integraltion applies to space used for environmental air-handling
part of equipment, such as motors, motor controllers, andpurposes other than ducts and plenums as specified in
similar equipment, or to conductors specifically provided300.22(A) in the NEC and 300.22 (B). It does not include
for elsewhere in this Code.habitable rooms or areas of buildings, the prime purpose of

which is not air handling.
FPN: For flexible cords and cables, see Article 400. For
fixture wires, see Article 402 in the NEC.FPN: The space over a hung ceiling used for environmental

air-handling purposes is an example of the type of other
space to which this section applies. 310.2 Conductors.

Exception: This section shall not apply to the joist or stud (A) Insulated. Conductors shall be insulated.
spaces of dwelling units where the wiring passes through
such spaces perpendicular to the long dimension of such Exception: Where covered or bare conductors are specifi-

cally permitted elsewhere in this Code.spaces.
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310.7 Direct Burial Conductors. Conductors used for di-(B) Conductor Material. Conductors in this article shall
be of aluminum, copper-clad aluminum, or copper unless rect burial applications shall be of a type identified for such

use.otherwise specified.

FPN: No. 1: See 300.5 for installation requirements for310.3 Stranded Conductors. Where installed in raceways, conductors rated 600 volts or less.
conductors of size 8 AWG and larger shall be stranded.

310.8 Locations.Exception: As permitted or required elsewhere in this Code.

(A) Dry Locations. Insulated conductors and cables used
310.4 Conductors in Parallel. Aluminum, copper-clad

in dry locations shall be any of the types identified in this
aluminum, or copper conductors of size 1/0 AWG and larger,

Code.
comprising each phase, polarity, neutral, or grounded circuit
conductor, shall be permitted to be connected in parallel (B) Dry and Damp Locations. Insulated conductors and
(electrically joined at both ends). cables used in dry and damp locations shall be Types FEP,

The paralleled conductors in each phase, polarity, neu- FEPB, MTW, PFA, RHH, RHW, RHW-2, SA, THHN, THW,
tral, or grounded circuit conductor shall comply with all of THW-2, THHW, THHW-2, THWN, THWN-2, TW, XHH,
the following: XHHW, XHHW-2, Z, or ZW.

(1) Be the same length (C) Wet Locations. Insulated conductors and cables used
(2) Have the same conductor material in wet locations shall be
(3) Be the same size in circular mil area
(4) Have the same insulation type (1) Moisture-impervious metal-sheathed;
(5) Be terminated in the same manner (2) Types MTW, RHW, RHW-2, TW, THW, THW-2,

THHW, THHW-2, THWN, THWN-2, XHHW, XHHW-
Where run in separate raceways or cables, the raceways 2, ZW; or

or cables shall have the same physical characteristics. Where (3) Of a type listed for use in wet locations.
conductors are in separate raceways or cables, the same
number of conductors shall be used in each raceway or cable. (D) Locations Exposed to Direct Sunlight. Insulated con-
Conductors of one phase, polarity, neutral, or grounded cir- ductors or cables used where exposed to direct rays of the
cuit conductor shall not be required to have the same physical sun shall comply with one of the following:
characteristics as those of another phase, polarity, neutral,

(1) Cables listed, or listed and marked, as being sunlightor grounded circuit conductor to achieve balance.
resistant

FPN: Differences in inductive reactance and unequal divi- (2) Conductors listed, or listed and marked, as being sun-
sion of current can be minimized by choice of materials,

light resistantmethods of construction, and orientation of conductors.
(3) Covered with insulating material, such as tape or sleev-

Where equipment grounding conductors are used with ing, that is listed, or listed and marked, as being sunlight
conductors in parallel, they shall comply with the require- resistant
ments of this section except that they shall be sized in accor-
dance with 250.122. 310.10 Temperature Limitation of Conductors. No con-

Conductors installed in parallel shall comply with the ductor shall be used in such a manner that its operating
provisions of 310.15(B)(2)(a). temperature exceeds that designated for the type of insulated

conductor involved. In no case shall conductors be associated
310.5 Minimum Size of Conductors. The minimum size together in such a way, with respect to type of circuit, the
of conductors shall be as shown in Table 310.5, except as wiring method employed, or the number of conductors, that
permitted elsewhere in this Code. the limiting temperature of any conductor is exceeded.

FPN: No. 1: The temperature rating of a conductor (see
Table 310.13 in the NEC) is the maximum temperature, atTable 310.5 Minimum Size of Conductors
any location along its length, that the conductor can with-
stand over a prolonged time period without serious degrada-

Minimum Conductor Size (AWG) tion. The allowable ampacity tables, the ampacity tables of
Article 310 and the ampacity tables of Annex B in the NEC,Conductor Voltage Aluminum or Copper-Clad
the correction factors at the bottom of these tables, andRating (Volts) Copper Aluminum
the notes to the tables provide guidance for coordinating
conductor sizes, types, allowable ampacities, ampacities,0–2000 14 12
ambient temperatures, and number of associated conductors.
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FPN: Included in the group of metal-covered cables areThe principal determinants of operating temperature
are as follows: Type AC cable (Article 320), Type MC cable (Article 330),

and lead-sheathed cable.
(1) Ambient temperature — ambient temperature may vary

(3) Tag Marking. The following cable shall be marked byalong the conductor length as well as from time to time.
(2) Heat generated internally in the conductor as the result of means of a printed tag attached to the coil, reel, or carton:

load current flow, including fundamental and harmonic
currents. (4) Type AC cable

(3) The rate at which generated heat dissipates into the
ambient medium. Thermal insulation that covers or sur- (4) Optional Marking of Wire Size. The information re-
rounds conductors affects the rate of heat dissipation. quired in 310.11(A)(4) shall be permitted to be marked on

(4) Adjacent load-carrying conductors — adjacent conduc-
the surface of the individual insulated conductors for thetors have the dual effect of raising the ambient tempera-
following multiconductor cables:ture and impeding heat dissipation.

FPN: No. 2: Conductors installed in conduit exposed to (1) Type MC cable
direct sunlight in close proximity to rooftops have been (5) Power-limited fire alarm cable
shown, under certain conditions, to experience a temperature
rise of 17�C (30�F) above ambient temperature on which

310.12 Conductor Identification.the ampacity is based.

(A) Grounded Conductors. Insulated or covered
310.11 Marking. grounded conductors shall be identified in accordance with

200.6.(A) Required Information. All conductors and cables
shall be marked to indicate the following information, using (B) Equipment Grounding Conductors. Equipment
the applicable method described in 310.11(B): grounding conductors shall be in accordance with 250.119.

(1) The maximum rated voltage (C) Ungrounded Conductors. Conductors that are in-
(2) The proper type letter or letters for the type of wire or tended for use as ungrounded conductors, whether used as

cable as specified elsewhere in this Code a single conductor or in multiconductor cables, shall be
(3) The manufacturer’s name, trademark, or other distinc- finished to be clearly distinguishable from grounded and

tive marking by which the organization responsible for grounding conductors. Distinguishing markings shall not
the product can be readily identified conflict in any manner with the surface markings required

(4) The AWG size or circular mil area by 310.11(B)(1). Branch-circuit ungrounded conductors
shall be identified in accordance with 210.5(C) in the NEC.FPN: See Conductor Properties, Table 8 of Chapter 9, for

conductor area expressed in SI units for conductor sizes Feeders shall be identified in accordance with 215.12.
specified in AWG or circular mil area.

Exception: Conductor identification shall be permitted in
accordance with 200.7.(5) Cable assemblies where the neutral conductor is smaller

than the ungrounded conductors shall be so marked
310.14 Aluminum Conductor Material. Solid aluminum

(B) Method of Marking. conductors 8, 10, and 12 AWG shall be made of an AA-8000
series electrical grade aluminum alloy conductor material.(1) Surface Marking. The following conductors and ca-
Stranded aluminum conductors 8 AWG through 1000 kcmilbles shall be durably marked on the surface. The AWG
marked as Type RHH, RHW, XHHW, THW, THHW,size or circular mil area shall be repeated at intervals not
THWN, THHN, service-entrance Type SE Style U and SEexceeding 610 mm (24 in.). All other markings shall be
Style R shall be made of an AA-8000 series electrical graderepeated at intervals not exceeding 1.0 m (40 in.).
aluminum alloy conductor material.

(1) Single-conductor and multiconductor rubber- and ther-
moplastic-insulated wire and cable 310.15 Ampacities for Conductors Rated 0–2000 Volts.

(2) Nonmetallic-sheathed cable
(A) General.(3) Service-entrance cable

(4) Underground feeder and branch-circuit cable (1) Tables. Ampacities for conductors shall be permitted
to be determined by tables as provided in 310.15(B).

(2) Marker Tape. Metal-covered multiconductor cables
shall employ a marker tape located within the cable and FPN: No. 1: Ampacities provided by this section do not

take voltage drop into consideration. See 210.19(A), FPNrunning for its complete length.
No. 4, for branch circuits and 215.2(A), FPN No. 2, for
feeders.Exception No. 2: Type AC cable.
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Exception No. 4: Derating factors shall not apply to under-(2) Selection of Ampacity. Where more than one calcu-
lated or tabulated ampacity could apply for a given circuit ground conductors entering or leaving an outdoor trench if

those conductors have physical protection in the form oflength, the lowest value shall be used.
rigid metal conduit, intermediate metal conduit, or rigid

Exception: Where two different ampacities apply to adjacent nonmetallic conduit having a length not exceeding 3.05 m
portions of a circuit, the higher ampacity shall be permitted (10 ft) and if the number of conductors does not exceed four.
to be used beyond the point of transition, a distance equal

Exception No. 5: Adjustment factors shall not apply to Typeto 3.0 m (10 ft) or 10 percent of the circuit length figured
AC cable or to Type MC cable without an overall outerat the higher ampacity, whichever is less.
jacket under the following conditions:

FPN: See 110.14(C) for conductor temperature limitations
due to termination provisions. (1) Each cable has not more than three current-carrying

conductors.
(B) Tables. Ampacities for conductors rated 0 to 2000 volts (2) The conductors are 12 AWG copper.
shall be as specified in the Allowable Ampacity Table 310.16 (3) Not more than 20 current-carrying conductors are bun-
as modified by (B)(1), (B)(2), (B)(5), and (B)(6). dled, stacked, or supported on ‘‘bridle rings.’’

(1) General. For explanation of type letters used in tables A 60 percent adjustment factor shall be applied where
and for recognized sizes of conductors for the various con- the current-carrying conductors in these cables that are
ductor insulations, see 310.13 in the NEC. For installation stacked or bundled longer than 600 mm (24 in.) without
requirements, see 310.1 through 310.5; 310.7, 310.8, and maintaining spacing exceeds 20.
310.10 and the various articles of this Code. For flexible

(5) Grounding or Bonding Conductor. A grounding orcords, see Table 400.4, Table 400.5(A), and Table 400.5(B)
bonding conductor shall not be counted when applying thein the NEC.
provisions of 310.15(B)(2)(a).

(2) Adjustment Factors.
(6) 120/240-Volt, 3-Wire, Single-Phase Dwelling Services

(a) More Than Three Current-Carrying Conductors in and Feeders. For individual dwelling units of one family,
a Raceway or Cable. Where the number of current-carrying two-family, and multifamily dwellings, conductors, as listed
conductors in a raceway or cable exceeds three, or where in Table 310.15(B)(6), shall be permitted as 120/240-volt,
single conductors or multiconductor cables are stacked or 3-wire, single-phase service-entrance conductors, service
bundled longer than 600 mm (24 in.) without maintaining lateral conductors, and feeder conductors that serve as the
spacing and are not installed in raceways, the allowable main power feeder to each dwelling unit and are installed
ampacity of each conductor shall be reduced as shown in
Table 310.15(B)(2)(a). Each current-carrying conductor of
a paralleled set of conductors shall be counted as a current- Table 310.15(B)(6) Conductor Types and Sizes for 120/240-

Volt, 3-Wire, Single-Phase Dwelling Services and Feeders.carrying conductor.
Conductor Types RHH, RHW, RHW-2, THHN, THHW,
THW, THW-2, THWN, THWN-2, XHHW, XHHW-2, SE,Exception No. 3: Derating factors shall not apply to conduc-
USE, USE-2tors in nipples having a length not exceeding 600 mm

(24 in.).
Conductor (AWG or kcmil)

Aluminum or Service or
Copper-Clad Feeder RatingTable 310.15(B)(2)(a) Adjustment Factors for More Than

Copper Aluminum (Amperes)Three Current-Carrying Conductors in a Raceway or Cable

4 2 100Percent of Values in Table
3 1 110310.16 as Adjusted for
2 1/0 125Number of Current-Carrying Ambient Temperature if
1 2/0 150Conductors Necessary

1/0 3/0 175
2/0 4/0 2004–6 80

7–9 70 3/0 250 225
4/0 300 25010–20 50

21–30 45 250 350 300
350 500 35031–40 40

41 and above 35 400 600 400
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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, Types TBS,
SA, SIS, FEP, SA, SIS,

FEPB, MI, THHN,
RHH, RHW- THHW,

2, THHN, THW-2,
THHW, THWN-2,

Types RHW, THW-2, RHH, RHW-
THHW, THWN-2, Types RHW, 2, USE-2,
THW, USE-2, XHH, THHW, XHH,

THWN, XHHW, THW, XHHW,
XHHW, USE, XHHW-2, THWN, XHHW-2,

Types TW, UF ZW ZW-2 Types TW, UF XHHW, USE 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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312.5 Cabinets, Cutout Boxes, and Meter Socket Enclo-in raceway or cable with or without an equipment grounding
conductor. For application of this section, the main power sures. Conductors entering enclosures within the scope of

this article shall be protected from abrasion and shall complyfeeder shall be the feeder(s) between the main disconnect
and the lighting and appliance branch-circuit panelboards(s). with 312.5(A) through (C).
The feeder conductors to a dwelling unit shall not be required

(A) Openings to Be Closed. Openings through which con-to have an allowable ampacity rating greater than their ser-
ductors enter shall be adequately closed.vice-entrance conductors. The grounded conductor shall be

permitted to be smaller than the ungrounded conductors, (B) Metal Cabinets, Cutout Boxes, and Meter Socket
provided the requirements of 215.2, 220.61, and 230.42 are Enclosures. Where metal enclosures within the scope of
met. this article are installed with messenger supported wiring,

open wiring on insulators, or concealed knob-and-tube wir-
ing, conductors shall enter through insulating bushings or,
in dry locations, through flexible tubing extending from theARTICLE 312
last insulating support and firmly secured to the enclosure.Cabinets, Cutout Boxes,

and Meter Socket Enclosures (C) Cables. Where cable is used, each cable shall be se-
cured to the cabinet, cutout box, or meter socket enclosure.

Exception: Cables with entirely nonmetallic sheaths shall312.1 Scope. This article covers the installation and con-
be permitted to enter the top of a surface-mounted enclosurestruction specifications of cabinets, cutout boxes, and meter
through one or more nonflexible raceways not less thansocket enclosures.
450 mm (18 in.) and not more than 3.0 m (10 ft) in length,
provided all of the following conditions are met:

I. Installation
(a) Each cable is fastened within 300 mm (12 in.),

312.2 Damp and Wet Locations. measured along the sheath, of the outer end of the raceway.
(b) The raceway extends directly above the enclosure(A) Damp and Wet Locations. In damp or wet locations,

and does not penetrate a structural ceiling.surface-type enclosures within the scope of this article shall
(c) A fitting is provided on each end of the raceway tobe placed or equipped so as to prevent moisture or water

protect the cable(s) from abrasion and the fittings remainfrom entering and accumulating within the cabinet or cutout
accessible after installation.box, and shall be mounted so there is at least 6-mm (1⁄4-

(d) The raceway is sealed or plugged at the outer endin.) airspace between the enclosure and the wall or other
using approved means so as to prevent access to the enclo-supporting surface. Enclosures installed in wet locations
sure through the raceway.shall be weatherproof. For enclosures in wet locations, race-

(e) The cable sheath is continuous through the racewayways or cables entering above the level of uninsulated live
and extends into the enclosure beyond the fitting not lessparts shall use fittings listed for wet locations.
than 6 mm (1⁄4 in.).

Exception: Nonmetallic enclosures shall be permitted to be (f) The raceway is fastened at its outer end and at other
installed without the airspace on a concrete, masonry, tile, points in accordance with the applicable article.
or similar surface. (g) Where installed as conduit or tubing, the allowable

cable fill does not exceed that permitted for complete conduit
FPN: For protection against corrosion, see 300.6. or tubing systems by Table 1 of Chapter 9 of this Code and

all applicable notes thereto.
312.3 Position in Wall. In walls of concrete, tile, or other

FPN: See Table 1 in Chapter 9, including Note 9, for allow-noncombustible material, cabinets shall be installed so that
able cable fill in circular raceways. See 310.15(B)(2)(a) forthe front edge of the cabinet is not set back of the finished
required ampacity reductions for multiple cables installed

surface more than 6 mm (1⁄4 in.). In walls constructed of in a common raceway.
wood or other combustible material, cabinets shall be flush
with the finished surface or project therefrom. 312.6 Deflection of Conductors. Conductors at terminals

or conductors entering or leaving cabinets or cutout boxes
312.4 Repairing Plaster and Drywall or Plasterboard. and the like shall comply with 312.6(A) through (C).
Plaster, drywall, or plasterboard surfaces that are broken or
incomplete shall be repaired so there will be no gaps or (A) Width of Wiring Gutters. Conductors shall not be

deflected within a cabinet or cutout box unless a gutteropen spaces greater than 3 mm (1⁄8 in.) at the edge of the
cabinet or cutout box employing a flush-type cover. having a width in accordance with Table 312.6(A) is pro-
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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.

vided. Conductors in parallel in accordance with 310.4 shall the terminal is a lay-in type, where the terminal is either of
the following:be judged on the basis of the number of conductors in paral-

lel.
(a) Directed toward the opening in the enclosure and

within a 45 degree angle of directly facing the enclosure(B) Wire-Bending Space at Terminals. Wire-bending
wallspace at each terminal shall be provided in accordance with

(b) Directly facing the enclosure wall and offset not312.6(B)(1) or (B)(2).
greater than 50 percent of the bending space specified in
Table 312.6(A)(1) Conductors Not Entering or Leaving Opposite Wall.

Table 312.6(A) shall apply where the conductor does not
FPN: Offset is the distance measured along the enclosure

enter or leave the enclosure through the wall opposite its wall from the axis of the centerline of the terminal to a line
terminal. passing through the center of the opening in the enclosure.

(2) Conductors Entering or Leaving Opposite Wall. Ta- (C) Conductors 4 AWG or Larger. Installation shall com-
ble 312.6(B) shall apply where the conductor does enter or ply with 300.4(F).
leave the enclosure through the wall opposite its terminal.

312.7 Space in Enclosures. Cabinets and cutout boxesException No. 1: Where the distance between the wall and
shall have sufficient space to accommodate all conductorsits terminal is in accordance with Table 312.6(A), a conduc-
installed in them without crowding.tor shall be permitted to enter or leave an enclosure through

the wall opposite its terminal, provided the conductor enters
312.8 Enclosures for Switches or Overcurrent Devices.or leaves the enclosure where the gutter joins an adjacent
Enclosures for switches or overcurrent devices shall not begutter that has a width that conforms to Table 312.6(B) for
used as junction boxes, auxiliary gutters, or raceways forthe conductor.
conductors feeding through or tapping off to other switches
or overcurrent devices, unless adequate space for this pur-Exception No. 2: A conductor not larger than 350 kcmil

shall be permitted to enter or leave an enclosure containing pose is provided. The conductors shall not fill the wiring
space at any cross section to more than 40 percent of theonly a meter socket(s) through the wall opposite its terminal,

provided the distance between the terminal and the opposite cross-sectional area of the space, and the conductors, splices,
and taps shall not fill the wiring space at any cross sectionwall is not less than that specified in Table 312.6(A) and
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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.
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to more than 75 percent of the cross-sectional area of that II. Installation
space.

314.15 Damp or Wet Locations.

(A) Damp or Wet Locations. In damp or wet locations,
boxes, conduit bodies, and fittings shall be placed or
equipped so as to prevent moisture from entering or accumu-ARTICLE 314
lating within the box, conduit body, or fitting. Boxes, conduitOutlet, Device, Pull, and Junction Boxes;
bodies, and fittings installed in wet locations shall be listedConduit Bodies; Fittings; and Handhole
for use in wet locations.Enclosures

FPN: No. 1: For boxes in floors, see 314.27(C).

I. Scope and General 314.16 Number of Conductors in Outlet, Device, and
Junction Boxes, and Conduit Bodies. Boxes and conduit314.1 Scope. This article covers the installation and use of
bodies shall be of sufficient size to provide free space for

all boxes and conduit bodies used as outlet, device, junction,
all enclosed conductors. In no case shall the volume of the

or pull boxes, depending on their use, and handhole enclo-
box, as calculated in 314.16(A), be less than the fill calcula-

sures. Cast, sheet metal, nonmetallic, and other boxes such
tion as calculated in 314.16(B). The minimum volume for

as FS, FD, and larger boxes are not classified as conduit
conduit bodies shall be as calculated in 314.16(C).

bodies. This article also includes installation requirements
The provisions of this section shall not apply to terminal

for fittings used to join raceways and to connect raceways
housings supplied with motors.

and cables to boxes and conduit bodies.
FPN: For volume requirements of motor terminal housings,
see 430.12 in the NEC.

314.2 Round Boxes. Round boxes shall not be used where
Boxes and conduit bodies enclosing conductors 4 AWGconduits or connectors requiring the use of locknuts or bush-

or larger shall also comply with the provisions of 314.28.ings are to be connected to the side of the box.

(A) Box Volume Calculations. The volume of a wiring
314.3 Nonmetallic Boxes. Nonmetallic boxes shall be per- enclosure (box) shall be the total volume of the assembled
mitted only with open wiring on insulators, concealed knob- sections and, where used, the space provided by plaster rings,
and-tube wiring, cabled wiring methods with entirely non- domed covers, extension rings, and so forth, that are marked
metallic sheaths, flexible cords, and nonmetallic raceways. with their volume or are made from boxes the dimensions

of which are listed in Table 314.16(A).
Exception No. 1: Where internal bonding means are pro-

(1) Standard Boxes. The volumes of standard boxes thatvided between all entries, nonmetallic boxes shall be permit-
are not marked with their volume shall be as given in Tableted to be used with metal raceways or metal-armored cables.
314.16(A).

Exception No. 2: Where integral bonding means with a
(2) Other Boxes. Boxes 1650 cm3 (100 in.3) or less, otherprovision for attaching an equipment bonding jumper inside
than those described in Table 314.16(A), and nonmetallicthe box are provided between all threaded entries in nonme-
boxes shall be durably and legibly marked by the manufac-tallic boxes listed for the purpose, nonmetallic boxes shall be
turer with their volume. Boxes described in Table 314.16(A)permitted to be used with metal raceways or metal-armored
that have a volume larger than is designated in the tablecables.
shall be permitted to have their volume marked as required
by this section.

314.4 Metal Boxes. All metal boxes shall be grounded in
(B) Box Fill Calculations. The volumes in paragraphsaccordance with the provisions of Article 250.
314.16(B)(1) through (B)(5), as applicable, shall be added
together. No allowance shall be required for small fittings

314.5 Short-Radius Conduit Bodies. Conduit bodies such such as locknuts and bushings.
as capped elbows and service-entrance elbows that enclose
conductors 6 AWG or smaller, and are only intended to (1) Conductor Fill. Each conductor that originates outside

the box and terminates or is spliced within the box shall beenable the installation of the raceway and the contained
conductors, shall not contain splices, taps, or devices and counted once, and each conductor that passes through the

box without splice or termination shall be counted once. Ashall be of sufficient size to provide free space for all conduc-
tors enclosed in the conduit body. looped, unbroken conductor not less than twice the minimum
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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 6 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).

length required for free conductors in 300.14 shall be counted volume allowance in accordance with Table 314.16(B) shall
be made for each type of fitting based on the largest conduc-twice. The conductor fill shall be calculated using Table

314.16(B). A conductor, no part of which leaves the box, tor present in the box.
shall not be counted.

(4) Device or Equipment Fill. For each yoke or strap con-
Exception: An equipment grounding conductor or conduc- taining one or more devices or equipment, a double volume
tors or not over four fixture wires smaller than 14 AWG, or allowance in accordance with Table 314.16(B) shall be made
both, shall be permitted to be omitted from the calculations for each yoke or strap based on the largest conductor con-
where they enter a box from a domed luminaire (fixture) or nected to a device(s) or equipment supported by that yoke
similar canopy and terminate within that box. or strap.

(2) Clamp Fill. Where one or more internal cable clamps,
(5) Equipment Grounding Conductor Fill. Where one orwhether factory or field supplied, are present in the box, a
more equipment grounding conductors or equipment bond-single volume allowance in accordance with Table 314.16(B)
ing jumpers enter a box, a single volume allowance inshall be made based on the largest conductor present in the
accordance with Table 314.16(B) shall be made based onbox. No allowance shall be required for a cable connector
the largest equipment grounding conductor or equipmentwith its clamping mechanism outside the box.
bonding jumper present in the box. Where an additional
set of equipment grounding conductors, as permitted by(3) Support Fittings Fill. Where one or more luminaire

(fixture) studs or hickeys are present in the box, a single 250.146(D) in the NEC, is present in the box, an additional
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Table 314.16(B) Volume Allowance Required per Conductor (C) Nonmetallic Boxes and Conduit Bodies. Nonmetallic
boxes and conduit bodies shall be suitable for the lowest

Free Space Within Box for Each temperature-rated conductor entering the box. Where non-
Conductor metallic boxes and conduit bodies are used with messengerSize of Conductor

supported wiring, open wiring on insulators, or concealed(AWG) cm3 in.3

knob-and-tube wiring, the conductors shall enter the box
18 24.6 1.50 through individual holes. Where flexible tubing is used to
16 28.7 1.75 enclose the conductors, the tubing shall extend from the last
14 32.8 2.00 insulating support to not less than 6 mm (1⁄4 in.) inside
12 36.9 2.25 the box and beyond any cable clamp. Where nonmetallic-
10 41.0 2.50 sheathed cable or multiconductor Type UF cable is used,
8 49.2 3.00 the sheath shall extend not less than 6 mm (1⁄4 in.) inside
6 81.9 5.00

the box and beyond any cable clamp. In all instances, all
permitted wiring methods shall be secured to the boxes.

Exception: Where nonmetallic-sheathed cable or multicon-volume allowance shall be made based on the largest equip-
ductor Type UF cable is used with single gang boxes notment grounding conductor in the additional set.
larger than a nominal size 57 mm � 100 mm (21⁄4 in. � 4
in.) mounted in walls or ceilings, and where the cable is(C) Conduit Bodies.
fastened within 200 mm (8 in.) of the box measured along

(1) General. Conduit bodies enclosing 6 AWG conductors the sheath and where the sheath extends through a cable
or smaller, other than short-radius conduit bodies as de- knockout not less than 6 mm (1⁄4 in.), securing the cable to
scribed in 314.5, shall have a cross-sectional area not less the box shall not be required. Multiple cable entries shall
than twice the cross-sectional area of the largest conduit or be permitted in a single cable knockout opening.
tubing to which it is attached. The maximum number of
conductors permitted shall be the maximum number permit- (D) Conductors 4 AWG or Larger. Installation shall com-
ted by Table 1 of Chapter 9 for the conduit or tubing to ply with 300.4(F).
which it is attached.

FPN: See 110.12(A) for requirements on closing unused
cable and raceway knockout openings.(2) With Splices, Taps, or Devices. Only those conduit

bodies that are durably and legibly marked by the manufac-
turer with their volume shall be permitted to contain splices, 314.19 Boxes Enclosing Flush Devices. Boxes used to en-
taps, or devices. The maximum number of conductors shall close flush devices shall be of such design that the devices
be calculated in accordance with 314.16(B). Conduit bodies will be completely enclosed on back and sides and substan-
shall be supported in a rigid and secure manner. tial support for the devices will be provided. Screws for

supporting the box shall not be used in attachment of the
device contained therein.314.17 Conductors Entering Boxes, Conduit Bodies, or

Fittings. Conductors entering boxes, conduit bodies, or fit-
tings shall be protected from abrasion and shall comply with 314.20 In Wall or Ceiling. In walls or ceilings with a
314.17(A) through (D). surface of concrete, tile, gypsum, plaster, or other noncom-

bustible material, boxes employing a flush-type cover or
(A) Openings to Be Closed. Openings through which con-

faceplate shall be installed so that the front edge of the box,
ductors enter shall be adequately closed.

plaster ring, extension ring, or listed extender will not be
set back of the finished surface more than 6 mm (1⁄4 in.).(B) Metal Boxes and Conduit Bodies. Where metal boxes

In walls and ceilings constructed of wood or other com-or conduit bodies are installed with messenger supported
bustible surface material, boxes, plaster rings, extensionwiring, open wiring on insulators, or concealed knob-and-
rings, or listed extenders shall be flush with the finishedtube wiring, conductors shall enter through insulating bush-
surface or project therefrom.ings or, in dry locations, through flexible tubing extending

from the last insulating support to not less than 6 mm (1⁄4
314.21 Repairing Plaster and Drywall or Plasterboard.in.) inside the box and beyond any cable clamps. Except as

provided in 300.15(C), the wiring shall be firmly secured Plaster, drywall, or plasterboard surfaces that are broken or
incomplete around boxes employing a flush-type cover orto the box or conduit body. Where raceway or cable is

installed with metal boxes or conduit bodies, the raceway 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.or cable shall be secured to such boxes and conduit bodies.
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(1) Framing Members. An enclosure shall be fastened to314.22 Exposed Surface Extensions. Surface extensions
from a flush-mounted box shall be made by mounting and the framing members by mechanical means such as bolts,

screws, or rivets, or by the use of clips or other securingmechanically securing an extension ring over the flush box.
Equipment grounding and bonding shall be in accordance means identified for use with the type of ceiling framing

member(s) and enclosure(s) employed. The framing mem-with Article 250.
bers shall be adequately supported and securely fastened to

Exception: A surface extension shall be permitted to be each other and to the building structure.
made from the cover of a flush-mounted box where the cover
is designed so it is unlikely to fall off or be removed if its (2) Support Wires. The installation shall comply with the
securing means becomes loose. The wiring method shall be provisions of 300.11(A). The enclosure shall be secured,
flexible for a length sufficient to permit removal of the cover using methods identified for the purpose, to ceiling support
and provide access to the box interior, and arranged so that wire(s), including any additional support wire(s) installed
any bonding or grounding continuity is independent of the for that purpose. Support wire(s) used for enclosure support
connection between the box and cover. shall be fastened at each end so as to be taut within the

ceiling cavity.
314.23 Supports. Enclosures within the scope of this arti-

(E) Raceway Supported Enclosure, Without Devices,cle shall be supported in accordance with one or more of
Luminaires (Fixtures), or Lampholders. An enclosurethe provisions in 314.23(A) through (H).
that does not contain a device(s) other than splicing devices
or support a luminaire(s) [fixture(s)], lampholder, or other(A) Surface Mounting. An enclosure mounted on a build-
equipment and is supported by entering raceways shall noting or other surface shall be rigidly and securely fastened
exceed 1650 cm3 (100 in.3) in size. It shall have threadedin place. If the surface does not provide rigid and secure
entries or have hubs identified for the purpose. It shall besupport, additional support in accordance with other provi-
supported by two or more conduits threaded wrenchtightsions of this section shall be provided.
into the enclosure or hubs. Each conduit shall be secured
within 900 mm (3 ft) of the enclosure, or within 450 mm(B) Structural Mounting. An enclosure supported from a
(18 in.) of the enclosure if all conduit entries are on thestructural member of a building or from grade shall be rigidly
same side.supported either directly or by using a metal, polymeric, or

wood brace.
Exception: Rigid metal, intermediate metal, or rigid nonme-
tallic conduit or electrical metallic tubing shall be permitted(1) Nails and Screws. Nails and screws, where used as a
to support a conduit body of any size, including a conduitfastening means, shall be attached by using brackets on
body constructed with only one conduit entry, provided thethe outside of the enclosure, or they shall pass through the
trade size of the conduit body is not larger than the largestinterior within 6 mm (1⁄4 in.) of the back or ends of the
trade size of the conduit or electrical metallic tubing.enclosure. Screws shall not be permitted to pass through

the box unless exposed threads in the box are protected using (F) Raceway Supported Enclosures, with Devices, Lumi-
approved means to avoid abrasion of conductor insulation. naires (Fixtures), or Lampholders. An enclosure that con-

tains a device(s), other than splicing devices, or supports a(2) Braces. Metal braces shall be protected against corro-
luminaire(s) [fixture(s)], lampholder, or other equipment andsion and formed from metal that is not less than 0.51 mm
is supported by entering raceways shall not exceed 1650(0.020 in.) thick uncoated. Wood braces shall have a cross
cm3 (100 in.3) in size. It shall have threaded entries or havesection not less than nominal 25 mm � 50 mm (1 in. � 2
hubs identified for the purpose. It shall be supported by twoin.). Wood braces in wet locations shall be treated for the
or more conduits threaded wrenchtight into the enclosure orconditions. Polymeric braces shall be identified as being
hubs. Each conduit shall be secured within 450 mm (18 in.)suitable for the use.
of the enclosure.

(C) Mounting in Finished Surfaces. An enclosure Exception No. 1: Rigid metal or intermediate metal conduit
mounted in a finished surface shall be rigidly secured thereto shall be permitted to support a conduit body of any size,
by clamps, anchors, or fittings identified for the application. including a conduit body constructed with only one conduit

entry, provided the trade size of the conduit body is not
(D) Suspended Ceilings. An enclosure mounted to struc- larger than the largest trade size of the conduit.
tural or supporting elements of a suspended ceiling shall be
not more than 1650 cm3 (100 in.3) in size and shall be Exception No. 2: An unbroken length(s) of rigid or interme-

diate metal conduit shall be permitted to support a box usedsecurely fastened in place in accordance with either (D)(1)
or (D)(2). for luminaire (fixture) or lampholder support, or to support
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a wiring enclosure that is an integral part of a luminaire standing area and at least 900 mm (3 ft) measured horizon-
tally to the 2.5 m (8 ft) elevation from windows, doors,(fixture) and used in lieu of a box in accordance with

300.15(B), where all of the following conditions are met: porches, fire escapes, or similar locations. A luminaire (fix-
ture) supported by a single conduit shall not exceed 300 mm

(a) The conduit is securely fastened at a point so that
(12 in.) in any horizontal direction from the point of conduit

the length of conduit beyond the last point of conduit support
entry.

does not exceed 900 mm (3 ft).
(b) The unbroken conduit length before the last point

314.24 Depth of Outlet Boxes. No box shall have an inter-
of conduit support is 300 mm (12 in.) or greater, and that

nal depth of less than 12.7 mm (1⁄2 in.). Boxes intended to
portion of the conduit is securely fastened at some point not

enclose flush devices shall have an internal depth of not less
less than 300 mm (12 in.) from its last point of support.

than 23.8 mm (15⁄16 in.).
(c) Where accessible to unqualified persons, the lumi-

naire (fixture) or lampholder, measured to its lowest point,
314.25 Covers and Canopies. In completed installations,is at least 2.5 m (8 ft) above grade or standing area and at
each box shall have a cover, faceplate, lampholder, or lumi-least 900 mm (3 ft) measured horizontally to the 2.5 m (8
naire (fixture) canopy, except where the installation compliesft) elevation from windows, doors, porches, fire escapes, or
with 410.14(B).similar locations.

(d) A luminaire (fixture) supported by a single conduit (A) Nonmetallic or Metal Covers and Plates. Nonmetal-
does not exceed 300 mm (12 in.) in any direction from the lic or metal covers and plates shall be permitted. Where
point of conduit entry. metal covers or plates are used, they shall comply with the

(e) The weight supported by any single conduit does grounding requirements of 250.110.
not exceed 9 kg (20 lb).

FPN: For additional grounding requirements, see 410.18(A)(f) At the luminaire (fixture) or lampholder end, the
for metal luminaire (fixture) canopies, and 404.12 andconduit(s) is threaded wrenchtight into the box, conduit body,
406.5(B) for metal faceplates.

or integral wiring enclosure, or into hubs identified for the
purpose. Where a box or conduit body is used for support, (B) Exposed Combustible Wall or Ceiling Finish. Where
the luminaire (fixture) shall be secured directly to the box a luminaire (fixture) canopy or pan is used, any combustible
or conduit body, or through a threaded conduit nipple not wall or ceiling finish exposed between the edge of the canopy
over 75 mm (3 in.) long. or pan and the outlet box shall be covered with noncombusti-

ble material.
(G) Enclosures in Concrete or Masonry. An enclosure
supported by embedment shall be identified as suitably pro- (C) Flexible Cord Pendants. Covers of outlet boxes and
tected from corrosion and securely embedded in concrete conduit bodies having holes through which flexible cord
or masonry. pendants pass shall be provided with bushings designed for

the purpose or shall have smooth, well-rounded surfaces on(H) Pendant Boxes. An enclosure supported by a pendant
which the cords may bear. So-called hard rubber or composi-

shall comply with 314.23(H)(1) or (H)(2).
tion bushings shall not be used.

(1) Flexible Cord. A box shall be supported from a multi-
314.27 Outlet Boxes.conductor cord or cable in an approved manner that protects

the conductors against strain, such as a strain-relief connector (A) Boxes at Luminaire (Lighting Fixture) Outlets.
threaded into a box with a hub. Boxes used at luminaire (lighting fixture) or lampholder

outlets shall be designed for the purpose. At every outlet(2) Conduit. A box supporting lampholders or luminaires
used exclusively for lighting, the box shall be designed(lighting fixtures), or wiring enclosures within luminaires
or installed so that a luminaire (lighting fixture) may be(fixtures) used in lieu of boxes in accordance with 300.15(B),
attached.shall be supported by rigid or intermediate metal conduit

stems. For stems longer than 450 mm (18 in.), the stems Exception: A wall-mounted luminaire (fixture) weighing not
shall be connected to the wiring system with flexible fittings more than 3 kg (6 lb) shall be permitted to be supported on
suitable for the location. At the luminaire (fixture) end, the other boxes or plaster rings that are secured to other boxes,
conduit(s) shall be threaded wrenchtight into the box or provided the luminaire (fixture) or its supporting yoke is
wiring enclosure, or into hubs identified for the purpose. secured to the box with no fewer than two No. 6 or larger

Where supported by only a single conduit, the threaded screws.
joints shall be prevented from loosening by the use of set-
screws or other effective means, or the luminaire (fixture), (B) Maximum Luminaire (Fixture) Weight. Outlet boxes

or fittings installed as required by 314.23 shall be permittedat any point, shall be at least 2.5 m (8 ft) above grade or
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Exception: Where a raceway or cable entry is in the wallto support luminaires (lighting fixtures) weighing 23 kg (50
lb) or less. A luminaire (lighting fixture) that weighs more of a box or conduit body opposite a removable cover, the

distance from that wall to the cover shall be permitted tothan 23 kg (50 lb) shall be supported independently of the
outlet box unless the outlet box is listed for the weight to comply with the distance required for one wire per terminal

in Table 312.6(A).be supported.

The distance between raceway entries enclosing the(C) Floor Boxes. Boxes listed specifically for this applica-
same conductor shall not be less than six times the metriction shall be used for receptacles located in the floor.
designator (trade size) of the larger raceway.

Exception: Where the authority having jurisdiction judges When transposing cable size into raceway size in
them free from likely exposure to physical damage, moisture, 314.28(A)(1) and (A)(2), the minimum metric designator
and dirt, boxes located in elevated floors of show windows (trade size) raceway required for the number and size of
and similar locations shall be permitted to be other than conductors in the cable shall be used.
those listed for floor applications. Receptacles and covers
shall be listed as an assembly for this type of location. (3) Smaller Dimensions. Boxes or conduit bodies of di-

mensions less than those required in 314.28(A)(1) and (A)(2)
(D) Boxes at Ceiling-Suspended (Paddle) Fan Outlets. shall be permitted for installations of combinations of con-
Outlet boxes or outlet box systems used as the sole support ductors that are less than the maximum conduit or tubing
of a ceiling-suspended (paddle) fan shall be listed, shall be fill (of conduits or tubing being used) permitted by Table 1
marked by their manufacturer as suitable for this purpose, of Chapter 9, provided the box or conduit body has been
and shall not support ceiling-suspended (paddle) fans that listed for, and is permanently marked with, the maximum
weigh more than 32 kg (70 lb). For outlet boxes or outlet number and maximum size of conductors permitted.
box systems designed to support ceiling-suspended (paddle)

(B) Conductors in Pull or Junction Boxes. In pull boxesfans that weigh more than 16 kg (35 lb), the required marking
or junction boxes having any dimension over 1.8 m (6 ft),shall include the maximum weight to be supported.
all conductors shall be cabled or racked up in an approved
manner.314.28 Pull and Junction Boxes and Conduit Bodies.

Boxes and conduit bodies used as pull or junction boxes
(C) Covers. All pull boxes, junction boxes, and conduit

shall comply with 314.28(A) through (D).
bodies shall be provided with covers compatible with the
box or conduit body construction and suitable for the condi-Exception: Terminal housings supplied with motors shall
tions of use. Where used, metal covers shall comply withcomply with the provisions of 430.12 in the NEC.
the grounding requirements of 250.110. An extension from

(A) Minimum Size. For raceways containing conductors the cover of an exposed box shall comply with 314.22,
of 4 AWG or larger, and for cables containing conductors Exception.
of 4 AWG or larger, the minimum dimensions of pull or

(D) Permanent Barriers. Where permanent barriers arejunction boxes installed in a raceway or cable run shall
installed in a box, each section shall be considered as acomply with (A)(1) through (A)(3). Where an enclosure
separate box.dimension is to be calculated based on the diameter of enter-

ing raceways, the diameter shall be the metric designator
314.29 Boxes, Conduit Bodies, and Handhole Enclosures(trade size) expressed in the units of measurement employed.
to Be Accessible. Boxes, conduit bodies, and handhole en-

(1) Straight Pulls. In straight pulls, the length of the box closures shall be installed so that the wiring contained in
shall not be less than eight times the metric designator (trade them can be rendered accessible without removing any part
size) of the largest raceway. of the building or, in underground circuits, without excavat-

ing sidewalks, paving, earth, or other substance that is to
(2) Angle or U Pulls. Where splices or where angle or U be used to establish the finished grade.
pulls are made, the distance between each raceway entry

Exception: Listed boxes and handhole enclosures shall beinside the box and the opposite wall of the box shall not be
permitted where covered by gravel, light aggregate, or non-less than six times the metric designator (trade size) of the
cohesive granulated soil if their location is effectively identi-largest raceway in a row. This distance shall be increased
fied and accessible for excavation.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
314.30 Handhole Enclosures. Handhole enclosures shallwall of the box. Each row shall be calculated individually,

and the single row that provides the maximum distance shall be designed and installed to withstand all loads likely to be
imposed.be used.
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FPN: See ANSI/SCTE 77-2002, Specification for Under- (4) Embedded in plaster finish on brick or other masonry,
ground Enclosure Integrity, for additional information on except in damp or wet locations
deliberate and nondeliberate traffic loading that can be ex-

(5) To be run or fished in the air voids of masonry blockpected to bear on underground enclosures.
or tile walls where such walls are not exposed or subject
to excessive moisture or dampness(A) Size. Handhole enclosures shall be sized in accordance

with 314.28(A) for conductors operating at 600 volts or
FPN: The ‘‘Uses Permitted’’ is not an all-inclusive list.below, and in accordance with 314.71 in the NECfor conduc-

tors operating at over 600 volts. For handhole enclosures
320.12 Uses Not Permitted. Type AC cable shall not bewithout bottoms where the provisions of 314.28(A)(2), Ex-
used as follows:ception, or of 314.71(B)(1), Exception No. 1 in the NEC,

apply, the measurement to the removable cover shall be
(1) Where subject to physical damagetaken from the end of the conduit or cable assembly.
(2) In damp or wet locations
(3) In air voids of masonry block or tile walls where such(B) Wiring Entries. Underground raceways and cable as-

walls are exposed or subject to excessive moisture orsemblies entering a handhole enclosure shall extend into the
dampnessenclosure, but they shall not be required to be mechanically

(4) Where exposed to corrosive fumes or vaporsconnected to the enclosure.
(5) Embedded in plaster finish on brick or other masonry

(C) Handhole Enclosures Without Bottoms. Where in damp or wet locations
handhole enclosures without bottoms are installed, all en-
closed conductors and any splices or terminations, if present, 320.15 Exposed Work. Exposed runs of cable, except as
shall be listed as suitable for wet locations. provided in 300.11(A), shall closely follow the surface of

the building finish or of running boards. Exposed runs shall(D) Covers. Handhole enclosure covers shall have an iden-
also be permitted to be installed on the underside of joiststifying mark or logo that prominently identifies the function
where supported at each joist and located so as not to beof the enclosure, such as ‘‘electric.’’ Handhole enclosure
subject to physical damage.covers shall require the use of tools to open, or they shall

weigh over 45 kg (100 lb). Metal covers and other exposed
320.17 Through or Parallel to Framing Members. Typeconductive surfaces shall be bonded in accordance with
AC cable shall be protected in accordance with 300.4(A),250.96(A).
(C), and (D) where installed through or parallel to framing
members.

ARTICLE 320 320.23 In Accessible Attics. Type AC cables in accessible
Armored Cable: Type AC attics or roof spaces shall be installed as specified in

320.23(A) and (B).

I. General (A) Where Run Across the Top of Floor Joists. Where
run across the top of floor joists, or within 2.1 m (7 ft) of320.1 Scope. This article covers the use, installation, and
floor or floor joists across the face of rafters or studding, inconstruction specifications for armored cable, Type AC.
attics and roof spaces that are accessible, the cable shall be
protected by substantial guard strips that are at least as high

320.2 Definition. as the cable. Where this space is not accessible by permanent
stairs or ladders, protection shall only be required withinArmored Cable, Type AC. A fabricated assembly of insu-
1.8 m (6 ft) of the nearest edge of the scuttle hole or atticlated conductors in a flexible metallic enclosure. See 320.100
entrance.in the NEC.

(B) Cable Installed Parallel to Framing Members.
II. Installation Where the cable is installed parallel to the sides of rafters,

studs, or floor joists, neither guard strips nor running boards320.10 Uses Permitted. Type AC cable shall be permitted
shall be required, and the installation shall also comply with

as follows:
300.4(D).

(1) In both exposed and concealed work
320.24 Bending Radius. Bends in Type AC cable shall be(2) In cable trays

(3) In dry locations made such that the cable is not damaged. The radius of the
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(A) Thermal Insulation. Armored cable installed in ther-curve of the inner edge of any bend shall not be less than
five times the diameter of the Type AC cable. mal insulation shall have conductors rated at 90�C (194�F).

The ampacity of cable installed in these applications shall
be that of 60�C (140�F) conductors. The 90�C (194�F) rating320.30 Securing and Supporting.
shall be permitted to be used for ampacity derating purposes,

(A) General. Type AC cable shall be supported and se- provided the final derated ampacity does not exceed that for
cured by staples, cable ties, straps, hangers, or similar fit- a 60�C (140�F) rated conductor.
tings, designed and installed so as not to damage the cable.

(B) Securing. Unless otherwise provided, Type AC cable
shall be secured within 300 mm (12 in.) of every outlet box, ARTICLE 330
junction box, cabinet, or fitting and at intervals not exceeding Metal-Clad Cable: Type MC
1.4 m (41⁄2 ft) where installed on or across framing members.

(C) Supporting. Unless otherwise provided, Type AC I. General
cable shall be supported at intervals not exceeding 1.4 m

330.1 Scope. This article covers the use, installation, and(41⁄2 ft).
construction specifications of metal-clad cable, Type MC.Horizontal runs of Type AC cable installed in wooden

or metal framing members or similar supporting means shall
be considered supported where such support does not exceed 330.2 Definition.
1.4 m (41⁄2 ft) intervals.

Metal Clad Cable, Type MC. A factory assembly of one
or more insulated circuit conductors with or without optical(D) Unsupported Cables. Type AC cable shall be permit-
fiber members enclosed in an armor of interlocking metalted to be unsupported where the cable complies with any
tape, or a smooth or corrugated metallic sheath.of the following:

(1) Is fished between access points through concealed
II. Installationspaces in finished buildings or structures and supporting

is impracticable 330.10 Uses Permitted.
(2) Is not more than 600 mm (2 ft) in length at terminals

(A) General Uses. Type MC cable shall be permitted aswhere flexibility is necessary
follows:(3) Is not more than 1.8 m (6 ft) in length from the last

point of cable support to the point of connection to
(1) For services, feeders, and branch circuitsa luminaire(s) [lighting fixture(s)] or other electrical
(2) For power, lighting, control, and signal circuitsequipment and the cable and point of connection are
(3) Indoors or outdoorswithin an accessible ceiling. For the purposes of this
(4) Exposed or concealedsection, Type AC cable fittings shall be permitted as a
(5) To be direct buried where identified for such usemeans of cable support.
(7) In any raceway

(10) In dry locations and embedded in plaster finish on320.40 Boxes and Fittings. At all points where the armor
brick or other masonry except in damp or wet locationsof AC cable terminates, a fitting shall be provided to protect

(11) In wet locations where any of the following conditionswires from abrasion, unless the design of the outlet boxes
are met:or fittings is such as to afford equivalent protection, and, in
a. The metallic covering is impervious to moisture.addition, an insulating bushing or its equivalent protection
b. A lead sheath or moisture-impervious jacket is pro-shall be provided between the conductors and the armor.

vided under the metal covering.The connector or clamp by which the Type AC cable is
c. The insulated conductors under the metallic cov-fastened to boxes or cabinets shall be of such design that

ering are listed for use in wet locations.the insulating bushing or its equivalent will be visible for
inspection. Where change is made from Type AC cable to (B) Specific Uses. Type MC cable shall be permitted to be
other cable or raceway wiring methods, a box, fitting, or installed in compliance with Parts II and III of Article 725
conduit body shall be installed at junction points as required and 770.133 in the NEC as applicable and in accordance
in 300.15. with 330.10(B)(2) and (B)(3).

320.80 Ampacity. The ampacity shall be determined by (2) Direct Buried. Direct-buried cable shall comply with
300.5.310.15.
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(C) Supporting. Unless otherwise provided, cables shall(3) Installed as Service-Entrance Cable. Type MC cable
installed as service-entrance cable shall be permitted in ac- be supported at intervals not exceeding 1.8 m (6 ft).

Horizontal runs of Type MC cable installed in woodencordance with 230.43.
or metal framing members or similar supporting means shall

FPN: The ‘‘Uses Permitted’’ is not an all-inclusive list.
be considered supported and secured where such support
does not exceed 1.8 m (6 ft) intervals.330.12 Uses Not Permitted. Type MC cable shall not be

used where exposed to the following destructive corrosive (D) Unsupported Cables. Type MC cable shall be permit-
conditions, unless the metallic sheath is suitable for the ted to be unsupported where the cable:
conditions or is protected by material suitable for the condi- (1) Is fished between access points through concealed
tions: spaces in finished buildings or structures and supporting

is impractical; or(1) Where subject to physical damage
(2) Is not more than 1.8 m (6 ft) in length from the last(2) Direct burial in the earth

point of cable support to the point of connection to a(3) In concrete
luminaire (lighting fixture) or other piece of electrical

FPN to (3): MC cable that is identified for direct burial equipment and the cable and point of connection are
applications is suitable for installation in concrete.

within an accessible ceiling. For the purpose of this
section, Type MC cable fittings shall be permitted as a330.17 Through or Parallel to Framing Members. Type
means of cable support.MC cable shall be protected in accordance with 300.4(A),

(C), and (D) where installed through or parallel to framing 330.40 Boxes and Fitting. Fittings used for connecting
members. Type MC cable to boxes, cabinets, or other equipment shall

be listed and identified for such use.
330.23 In Accessible Attics. The installation of Type MC

330.80 Ampacity. The ampacity of Type MC cable shallcable in accessible attics or roof spaces shall also comply
be determined in accordance with 310.15 for 14 AWG andwith 320.23.
larger conductors. The installation shall not exceed the tem-
perature ratings of terminations and equipment.330.24 Bending Radius. Bends in Type MC cable shall be

so made that the cable will not be damaged. The radius of
the curve of the inner edge of any bend shall not be less

ARTICLE 334than required in 330.24(A) and (B).
Nonmetallic-Sheathed Cable:

(A) Smooth Sheath.
Types NM and NMC(1) Ten times the external diameter of the metallic sheath

for cable not more than 19 mm (3⁄4 in.) in external
diameter

I. General(2) Twelve times the external diameter of the metallic
sheath for cable more than 19 mm (3⁄4 in.) but not more 334.1 Scope. This article covers the use, installation, and
than 38 mm (11⁄2 in.) in external diameter construction specifications of nonmetallic-sheathed cable.

(3) Fifteen times the external diameter of the metallic sheath
334.2 Definitions.for cable more than 38 mm (11⁄2 in.) in external diameter
Nonmetallic-Sheathed Cable. A factory assembly of two

(B) Interlocked-Type Armor or Corrugated Sheath. or more insulated conductors enclosed within an overall
Seven times the external diameter of the metallic sheath. nonmetallic jacket.

Type NM. Insulated conductors enclosed within an overall330.30 Securing and Supporting.
nonmetallic jacket.

(A) General. Type MC cable shall be supported and se-
Type NMC. Insulated conductors enclosed within an over-

cured by staples, cable ties, straps, hangers, or similar fittings
all, corrosion resistant, nonmetallic jacket.

or other approved means designed and installed so as not
to damage the cable. 334.6 Listed. Type NM and Type NMC cables shall be

listed.
(B) Securing. Unless otherwise provided, cables shall be
secured at intervals not exceeding 1.8 m (6 ft). Cables con-

II. Installation
taining four or fewer conductors sized no larger than 10
AWG shall be secured within 300 mm (12 in.) of every box, 334.10 Uses Permitted. Type NM, and Type NMC, cables

shall be permitted to be used in the following:cabinet, fitting, or other cable termination.
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(1) One- and two-family dwellings. Where Type NMC cable is installed in shallow chases
in masonry, concrete, or adobe, the cable shall be protected

FPN: See 310.10 for temperature limitation of conductors.
against nails or screws by a steel plate at least 1.59 mm
(1⁄16 in.) thick and covered with plaster, adobe, or similar(A) Type NM. Type NM cable shall be permitted as fol-
finish.lows:

(C) In Unfinished Basements. Where cable is run at(1) For both exposed and concealed work in normally dry
angles with joists in unfinished basements, it shall be permis-locations except as prohibited in 334.10(3) in the NEC
sible to secure cables not smaller than two 6 AWG or three(2) To be installed or fished in air voids in masonry block
8 AWG conductors directly to the lower edges of the joists.or tile walls
Smaller cables shall be run either through bored holes in

(B) Type NMC. Type NMC cable shall be permitted as joists or on running boards. NM cable used on a wall of an
follows: unfinished basement shall be permitted to be installed in a

listed conduit or tubing. Conduit or tubing shall utilize a(1) For both exposed and concealed work in dry, moist,
nonmetallic bushing or adapter at the point the cable entersdamp, or corrosive locations, except as prohibited by
the raceway. Metal conduit and tubings and metal outlet334.10(3) in the NEC
boxes shall be grounded.(2) In outside and inside walls of masonry block or tile

(3) In a shallow chase in masonry, concrete, or adobe pro-
334.17 Through or Parallel to Framing Members. Typestected against nails or screws by a steel plate at least
NM, NMC, or NMS cable shall be protected in accordance1.59 mm (1⁄16 in.) thick and covered with plaster, adobe,
with 300.4 where installed through or parallel to framingor similar finish
members. Grommets used as required in 300.4(B)(1) shall
remain in place and be listed for the purpose of cable protec-334.12 Uses Not Permitted.
tion.

(A) Types NM and NMC. Types NM and NMC cables
shall not be permitted as follows: 334.23 In Accessible Attics. The installation of cable in

accessible attics or roof spaces shall also comply with(3) As service-entrance cable
320.23.(9) Embedded in poured cement, concrete, or aggregate

(B) Type NM. Type NM cable shall not be used under the 334.24 Bending Radius. Bends in Types NM and NMC
following conditions or in the following locations: cable shall be so made that the cable will not be damaged.

The radius of the curve of the inner edge of any bend during
(2) Where embedded in masonry, concrete, adobe, fill, or or after installation shall not be less than five times the

plaster diameter of the cable.
(3) In a shallow chase in masonry, concrete, or adobe and

covered with plaster, adobe, or similar finish
334.30 Securing and Supporting. Nonmetallic-sheathed(4) Where exposed or subject to excessive moisture or
cable shall be supported and secured by staples, cable ties,dampness
straps, hangers, or similar fittings designed and installed so
as not to damage the cable, at intervals not exceeding 1.4334.15 Exposed Work. In exposed work, except as pro-
m (41⁄2 ft) and within 300 mm (12 in.) of every outlet box,vided in 300.11(A), cable shall be installed as specified in
junction box, cabinet, or fitting. Flat cables shall not be334.15(A) through (C).
stapled on edge.

Sections of cable protected from physical damage by(A) To Follow Surface. Cable shall closely follow the sur-
raceway shall not be required to be secured within the race-face of the building finish or of running boards.
way.

(B) Protection from Physical Damage. Cable shall be pro-
tected from physical damage where necessary by rigid metal (A) Horizontal Runs Through Holes and Notches. In

other than vertical runs, cables installed in accordance withconduit, intermediate metal conduit, electrical metallic tub-
ing, Schedule 80 PVC rigid nonmetallic conduit, or other 300.4 shall be considered to be supported and secured where

such support does not exceed 1.4-m (41⁄2-ft) intervals andapproved means. Where passing through a floor, the cable
shall be enclosed in rigid metal conduit, intermediate metal the nonmetallic-sheathed cable is securely fastened in place

by an approved means within 300 mm (12 in.) of each box,conduit, electrical metallic tubing, Schedule 80 PVC rigid
nonmetallic conduit, or other approved means extending at cabinet, conduit body, or other nonmetallic-sheathed cable

termination.least 150 mm (6 in.) above the floor.
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70A–86 ARTICLE 338 — SERVICE-ENTRANCE CABLE: TYPES SE AND USE

FPN: See 314.17(C) for support where nonmetallic boxes pacity of each conductor shall be adjusted in accordance
are used. with Table 310.15(B)(2)(a).

(B) Unsupported Cables. Nonmetallic-sheathed cable
shall be permitted to be unsupported where the cable:

ARTICLE 338
(1) Is fished between access points through concealed Service-Entrance Cable: Types SE and USE

spaces in finished buildings or structures and supporting
is impracticable.

(2) Is not more than 1.4 m (41⁄2 ft) from the last point of I. General
cable support to the point of connection to a luminaire

338.1 Scope. This article covers the use, installation, and(lighting fixture) or other piece of electrical equipment
construction specifications of service-entrance cable.and the cable and point of connection are within an

accessible ceiling.
338.2 Definitions.

(C) Wiring Device Without a Separate Outlet Box. A
Service-Entrance Cable. A single conductor or multicon-wiring device identified for the use, without a separate outlet
ductor assembly provided with or without an overall cov-box, and incorporating an integral cable clamp shall be per-
ering, primarily used for services, and of the following types:mitted where the cable is secured in place at intervals not

exceeding 1.4 m (41⁄2 ft) and within 300 mm (12 in.) from Type SE. Service-entrance cable having a flame-retardant,
the wiring device wall opening, and there shall be at least moisture-resistant covering.
a 300 mm (12 in.) loop of unbroken cable or 150 mm (6

Type USE. Service-entrance cable, identified for under-in.) of a cable end available on the interior side of the
ground use, having a moisture-resistant covering, but notfinished wall to permit replacement.
required to have a flame-retardant covering.

334.40 Boxes and Fittings.
II. Installation(A) Boxes of Insulating Material. Nonmetallic outlet

boxes shall be permitted as provided by 314.3. 338.10 Uses Permitted.

(A) Service-Entrance Conductors. Service-entrance(B) Devices of Insulating Material. Switch, outlet, and
cable shall be permitted to be used as service-entrance con-tap devices of insulating material shall be permitted to be
ductors and shall be installed in accordance with 230.6,used without boxes in exposed cable wiring and for rewiring
230.7, and Parts II, III, and IV of Article 230.in existing buildings where the cable is concealed and fished.

Type USE used for service laterals shall be permittedOpenings in such devices shall form a close fit around the
to emerge from the ground outside at terminations in meterouter covering of the cable, and the device shall fully enclose
bases or other enclosures where protected in accordancethe part of the cable from which any part of the covering
with 300.5(D).has been removed. Where connections to conductors are by

binding-screw terminals, there shall be available as many
(B) Branch Circuits or Feeders.

terminals as conductors.
(1) Grounded Conductor Insulated. Type SE service-

(C) Devices with Integral Enclosures. Wiring devices entrance cables shall be permitted in wiring systems where
with integral enclosures identified for such use shall be all of the circuit conductors of the cable are of the rubber-
permitted as provided by 300.15(E). covered or thermoplastic type.

(2) Grounded Conductor Not Insulated. Type SE334.80 Ampacity. The ampacity of Types NM, NMC, and
service-entrance cable shall be permitted for use where theNMS cable shall be determined in accordance with 310.15.
insulated conductors are used for circuit wiring and theThe ampacity shall be in accordance with the 60�C (140�F)
uninsulated conductor is used only for equipment groundingconductor temperature rating. The 90�C (194�F) rating shall
purposes.be permitted to be used for ampacity derating purposes,

provided the final derated ampacity does not exceed that for Exception: Uninsulated conductors shall be permitted as a
a 60�C (140�F) rated conductor. grounded conductor in accordance with 250.140, 250.32,

Where more than two NM cables containing two or and 225.30 through 225.39 and 225.40 in the NEC.
more current-carrying conductors are bundled together and
pass through wood framing that is to be fire- or draft-stopped (3) Temperature Limitations. Type SE service-entrance

cable used to supply appliances shall not be subject to con-using thermal insulation or sealing foam, the allowable am-
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70A–87ARTICLE 340 — UNDERGROUND FEEDER AND BRANCH-CIRCUIT CABLE: TYPE UF

ductor temperatures in excess of the temperature specified II. Installation
for the type of insulation involved.

340.10 Uses Permitted. Type UF cable shall be permitted
as follows:(4) Installation Methods for Branch Circuits and

Feeders. (1) For use underground, including direct burial in the earth.
For underground requirements, see 300.5.(a) Interior Installations. In addition to the provisions

(2) As single-conductor cables. Where installed as single-of this article, Type SE service-entrance cable used for inte-
conductor cables, all conductors of the feeder groundedrior wiring shall comply with the installation requirements
conductor or branch circuit, including the grounded con-of Parts I and II of Article 334, excluding 334.80.
ductor and equipment grounding conductor, if any, shall

FPN: See 310.10 for temperature limitation of conductors. be installed in accordance with 300.3.
(3) For wiring in wet, dry, or corrosive locations under the

(b) Exterior Installations. In addition to the provisions
recognized wiring methods of this Code.

of this article, service-entrance cable used for feeders or
(4) Installed as nonmetallic-sheathed cable. Where so in-

branch circuits, where installed as exterior wiring, shall be
stalled, the installation and conductor requirements shall

installed in accordance with Part I of Article 225. The cable
comply with Part II of Article 334, Part III of Article

shall be supported in accordance with 334.30, unless used
334 in the NEC and shall be of the multiconductor type.

as messenger-supported wiring as permitted in Part II of
(5) For solar photovoltaic systems in accordance with

Article 396 in the NEC.
690.31 in the NEC.

Type USE cable installed as underground feeder and
(6) As single-conductor cables as the nonheating leads for

branch circuit cable shall comply with Part II of Article
heating cables as provided in 424.43.

340. Where Type USE cable emerges from the ground at
FPN: See 310.10 for temperature limitation of conductors.terminations, it shall be protected in accordance with

300.5(D). Multiconductor service-entrance cable shall be
340.12 Uses Not Permitted. Type UF cable shall not bepermitted to be installed as messenger-supported wiring in
used as follows:accordance with 225.10 and Part II of Article 396 in the

NEC. (1) As service-entrance cable
(8) Embedded in poured cement, concrete, or aggregate,

338.24 Bending Radius. Bends in Types USE and SE except where embedded in plaster as nonheating leads
cable shall be so made that the cable will not be damaged. where permitted in 424.43
The radius of the curve of the inner edge of any bend, during (9) Where exposed to direct rays of the sun, unless identi-
or after installation, shall not be less than five times the fied as sunlight resistant
diameter of the cable. (10) Where subject to physical damage

(11) As overhead cable, except where installed as messen-
ger-supported wiring in accordance with Part II of Arti-
cle 396 in the NECARTICLE 340

Underground Feeder and
340.24 Bending Radius. Bends in Type UF cable shall be

Branch-Circuit Cable: Type UF so made that the cable is not damaged. The radius of the
curve of the inner edge of any bend shall not be less than
five times the diameter of the cable.

I. General
340.80 Ampacity. The ampacity of Type UF cable shall be340.1 Scope. This article covers the use, installation, and
that of 60�C (140�F) conductors in accordance with 310.15.construction specifications for underground feeder and

branch-circuit cable, Type UF.

ARTICLE 342340.2 Definition.
Intermediate Metal Conduit: Type IMC

Underground Feeder and Branch-Circuit Cable, Type
UF. A factory assembly of one or more insulated conductors
with an integral or an overall covering of nonmetallic mate- I. General
rial suitable for direct burial in the earth.

342.1 Scope. This article covers the use, installation, and
construction specifications for intermediate metal conduit340.6 Listing Requirements. Type UF cable shall be

listed. (IMC) and associated fittings.
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70A–88 ARTICLE 342 — INTERMEDIATE METAL CONDUIT: TYPE IMC

342.2 Definition. Cables shall be permitted to be installed where such
use is not prohibited by the respective cable articles. TheIntermediate Metal Conduit (IMC). A steel threadable
number of cables shall not exceed the allowable percentage

raceway of circular cross section designed for the physical
fill specified in Table 1, Chapter 9.

protection and routing of conductors and cables and for use
as an equipment grounding conductor when installed with

342.24 Bends — How Made. Bends of IMC shall be soits integral or associated coupling and appropriate fittings.
made that the conduit will not be damaged and the internal
diameter of the conduit will not be effectively reduced. The342.6 Listing Requirements. IMC, factory elbows and
radius of the curve of any field bend to the centerline of thecouplings, and associated fittings shall be listed.
conduit shall not be less than indicated in Table 2, Chapter
9.

II. Installation

342.26 Bends — Number in One Run. There shall not342.10 Uses Permitted.
be more than the equivalent of four quarter bends (360

(A) All Atmospheric Conditions and Occupancies. Use degrees total) between pull points, for example, conduit
of IMC shall be permitted under all atmospheric conditions bodies and boxes.
and occupancies.

342.28 Reaming and Threading. All cut ends shall be(B) Corrosion Environments. IMC, elbows, couplings,
reamed or otherwise finished to remove rough edges. Whereand fittings shall be permitted to be installed in concrete, in
conduit is threaded in the field, a standard cutting die withdirect contact with the earth, or in areas subject to severe
a taper of 1 in 16 (3⁄4 in. taper per foot) shall be used.corrosive influences where protected by corrosion protection

and judged suitable for the condition.
FPN: See ANSI/ASME B.1.20.1-1983, Standard for Pipe
Threads, General Purpose (Inch).(C) Cinder Fill. IMC shall be permitted to be installed in

or under cinder fill where subject to permanent moisture
342.30 Securing and Supporting. IMC shall be installedwhere protected on all sides by a layer of noncinder concrete
as a complete system in accordance with 300.18 and shallnot less than 50 mm (2 in.) thick; where the conduit is not
be securely fastened in place and supported in accordanceless than 450 mm (18 in.) under the fill; or where protected
with 342.30(A) and (B).by corrosion protection and judged suitable for the condition.

(A) Securely Fastened. Each IMC shall be securely fas-(D) Wet Locations. All supports, bolts, straps, screws, and
tened within 900 mm (3 ft) of each outlet box, junctionso forth, shall be of corrosion-resistant materials or protected
box, device box, cabinet, conduit body, or other conduitagainst corrosion by corrosion-resistant materials.
termination. Fastening shall be permitted to be increased to

FPN: See 300.6 for protection against corrosion.
a distance of 1.5 m (5 ft) where structural members do
not readily permit fastening within 900 mm (3 ft). Where342.14 Dissimilar Metals. Where practicable, dissimilar
approved, conduit shall not be required to be securely fas-metals in contact anywhere in the system shall be avoided
tened within 900 mm (3 ft) of the service head for above-to eliminate the possibility of galvanic action.
the-roof termination of a mast.Aluminum fittings and enclosures shall be permitted to

be used with IMC. (B) Supports. IMC shall be supported in accordance with
one of the following:

342.20 Size.
(1) Conduit shall be supported at intervals not exceeding(A) Minimum. IMC smaller than metric designator 16

3 m (10 ft).(trade size 1⁄2) shall not be used.
(2) The distance between supports for straight runs of con-

(B) Maximum. IMC larger than metric designator 103 duit shall be permitted in accordance with Table
(trade size 4) shall not be used. 344.30(B)(2), provided the conduit is made up with

threaded couplings and such supports prevent transmis-FPN: See 300.1(C) for the metric designators and trade
sion of stresses to termination where conduit is deflectedsizes. These are for identification purposes only and do not
between supports.relate to actual dimensions.

(3) Exposed vertical risers from industrial machinery or
fixed equipment shall be permitted to be supported at342.22 Number of Conductors. The number of conduc-

tors shall not exceed that permitted by the percentage fill intervals not exceeding 6 m (20 ft) if the conduit is made
up with threaded couplings, the conduit is supported andspecified in Table 1, Chapter 9.
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70A–89ARTICLE 344 — RIGID METAL CONDUIT: TYPE RMC

securely fastened at the top and bottom of the riser, II. Installation
and no other means of intermediate support is readily

344.10 Uses Permitted.
available.

(4) Horizontal runs of IMC supported by openings through (A) All Atmospheric Conditions and Occupancies. Use
framing members at intervals not exceeding 3 m (10 ft) of RMC shall be permitted under all atmospheric conditions
and securely fastened within 900 mm (3 ft) of termina- and occupancies. Ferrous raceways and fittings protected
tion points shall be permitted. from corrosion solely by enamel shall be permitted only

indoors and in occupancies not subject to severe corrosive
342.42 Couplings and Connectors. influences.
(A) Threadless. Threadless couplings and connectors used

(B) Corrosion Environments. RMC, elbows, couplings,with conduit shall be made tight. Where buried in masonry
and fittings shall be permitted to be installed in concrete, inor concrete, they shall be the concretetight type. Where
direct contact with the earth, or in areas subject to severeinstalled in wet locations, they shall comply with 314.15(A).
corrosive influences where protected by corrosion protectionThreadless couplings and connectors shall not be used on
and judged suitable for the condition.threaded conduit ends unless listed for the purpose.

(C) Cinder Fill. RMC shall be permitted to be installed in(B) Running Threads. Running threads shall not be used
or under cinder fill where subject to permanent moistureon conduit for connection at couplings.
where protected on all sides by a layer of noncinder concrete
not less than 50 mm (2 in.) thick; where the conduit is not342.46 Bushings. Where a conduit enters a box, fitting, or
less than 450 mm (18 in.) under the fill; or where protectedother enclosure, a bushing shall be provided to protect the
by corrosion protection and judged suitable for the condition.wire from abrasion unless the design of the box, fitting, or

enclosure is such as to afford equivalent protection.
(D) Wet Locations. All supports, bolts, straps, screws, and

FPN: See 300.4(F) for the protection of conductors 4 AWG so forth, shall be of corrosion-resistant materials or protected
and larger at bushings.

against corrosion by corrosion-resistant materials.

342.56 Splices and Taps. Splices and taps shall be made FPN: See 300.6 for protection against corrosion.
in accordance with 300.15.

344.14 Dissimilar Metals. Where practicable, dissimilar342.60 Grounding. IMC shall be permitted as an equip-
metals in contact anywhere in the system shall be avoidedment grounding conductor.
to eliminate the possibility of galvanic action. Aluminum
fittings and enclosures shall be permitted to be used with
steel RMC, and steel fittings and enclosures shall be permit-

ARTICLE 344 ted to be used with aluminum RMC where not subject to
Rigid Metal Conduit: Type RMC severe corrosive influences.

344.20 Size.
I. General

(A) Minimum. RMC smaller than metric designator 16
344.1 Scope. This article covers the use, installation, and (trade size 1⁄2) shall not be used.
construction specifications for rigid metal conduit (RMC)

Exception: For enclosing the leads of motors as permittedand associated fittings.
in 430.245(B) in the NEC.

344.2 Definition.
(B) Maximum. RMC larger than metric designator 155

Rigid Metal Conduit (RMC). A threadable raceway of (trade size 6) shall not be used.
circular cross section designed for the physical protection
and routing of conductors and cables and for use as an FPN: See 300.1(C) for the metric designators and trade

sizes. These are for identification purposes only and do notequipment grounding conductor when installed with its
relate to actual dimensions.integral or associated coupling and appropriate fittings. RMC

is generally made of steel (ferrous) with protective coatings
344.22 Number of Conductors. The number of conduc-or aluminum (nonferrous). Special use types are silicon
tors shall not exceed that permitted by the percentage fillbronze and stainless steel.
specified in Table 1, Chapter 9.

Cables shall be permitted to be installed where such344.6 Listing Requirements. RMC, factory elbows and
couplings, and associated fittings shall be listed. use is not prohibited by the respective cable articles. The
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70A–90 ARTICLE 348 — FLEXIBLE METAL CONDUIT: TYPE FMC

number of cables shall not exceed the allowable percentage and no other means of intermediate support is readily
available.fill specified in Table 1, Chapter 9.

(4) Horizontal runs of RMC supported by openings through
framing members at intervals not exceeding 3 m (10 ft)344.24 Bends — How Made. Bends of RMC shall be so
and securely fastened within 900 mm (3 ft) of termina-made that the conduit will not be damaged and so that
tion points shall be permitted.the internal diameter of the conduit will not be effectively

reduced. The radius of the curve of any field bend to the
Table 344.30(B)(2) Supports for Rigid Metal Conduit

centerline of the conduit shall not be less than indicated in
Table 2, Chapter 9.

Maximum Distance
Conduit Size Between Rigid Metal

Conduit Supports344.26 Bends — Number in One Run. There shall not
Metricbe more than the equivalent of four quarter bends (360 Designator Trade Size m ft

degrees total) between pull points, for example, conduit
bodies and boxes. 16–21 1⁄2–3⁄4 3.0 10

27 1 3.7 12
35–41 11⁄4–11⁄2 4.3 14344.28 Reaming and Threading. All cut ends shall be
53–63 2–21⁄2 4.9 16reamed or otherwise finished to remove rough edges. Where

78 and larger 3 and larger 6.1 20conduit is threaded in the field, a standard cutting die with
a 1 in 16 taper (3⁄4-in. taper per foot) shall be used.

344.42 Couplings and Connectors.FPN: See ANSI/ASME B.1.20.1-1983, Standard for Pipe
Threads, General Purpose (Inch).

(A) Threadless. Threadless couplings and connectors used
with conduit shall be made tight. Where buried in masonry

344.30 Securing and Supporting. RMC shall be installed or concrete, they shall be the concretetight type. Where
as a complete system in accordance with 300.18 and shall installed in wet locations, they shall comply with 314.15(A).
be securely fastened in place and supported in accordance Threadless couplings and connectors shall not be used on
with 344.30(A) and (B). threaded conduit ends unless listed for the purpose.

(B) Running Threads. Running threads shall not be used(A) Securely Fastened. RMC shall be securely fastened
on conduit for connection at couplings.within 900 mm (3 ft) of each outlet box, junction box, device

box, cabinet, conduit body, or other conduit termination.
344.46 Bushings. Where a conduit enters a box, fitting, orFastening shall be permitted to be increased to a distance
other enclosure, a bushing shall be provided to protect theof 1.5 m (5 ft) where structural members do not readily
wire from abrasion unless the design of the box, fitting, orpermit fastening within 900 mm (3 ft). Where approved,
enclosure is such as to afford equivalent protection.conduit shall not be required to be securely fastened within

900 mm (3 ft) of the service head for above-the-roof termina- FPN: See 300.4(F) for the protection of conductors sizes 4
tion of a mast. AWG and larger at bushings.

(B) Supports. RMC shall be supported in accordance with 344.56 Splices and Taps. Splices and taps shall be made
one of the following: in accordance with 300.15.

(1) Conduit shall be supported at intervals not exceeding 344.60 Grounding. RMC shall be permitted as an equip-
3 m (10 ft). ment grounding conductor.

(2) The distance between supports for straight runs of con-
duit shall be permitted in accordance with Table
344.30(B)(2), provided the conduit is made up with ARTICLE 348
threaded couplings, and such supports prevent transmis- Flexible Metal Conduit: Type FMC
sion of stresses to termination where conduit is deflected
between supports.

(3) Exposed vertical risers from industrial machinery or
I. General

fixed equipment shall be permitted to be supported at
intervals not exceeding 6 m (20 ft) if the conduit is made 348.1 Scope. This article covers the use, installation, and

construction specifications for flexible metal conduit (FMC)up with threaded couplings, the conduit is supported and
securely fastened at the top and bottom of the riser, and associated fittings.
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70A–91ARTICLE 348 — FLEXIBLE METAL CONDUIT: TYPE FMC

(B) Maximum. FMC larger than metric designator 103348.2 Definition.
(trade size 4) shall not be used.Flexible Metal Conduit (FMC). A raceway of circular

cross section made of helically wound, formed, interlocked FPN: See 300.1(C) for the metric designators and trade
sizes. These are for identification purposes only and do notmetal strip.
relate to actual dimensions.

348.6 Listing Requirements. FMC and associated fittings
348.22 Number of Conductors. The number of conduc-shall be listed.
tors shall not exceed that permitted by the percentage fill
specified in Table 1, Chapter 9, or as permitted in Table

II. Installation 348.22, or for metric designator 12 (trade size 3⁄8).
Cables shall be permitted to be installed where such348.10 Uses Permitted. FMC shall be permitted to be used

use is not prohibited by the respective cable articles. Thein exposed and concealed locations.
number of cables shall not exceed the allowable percentage
fill specified in Table 1, Chapter 9.348.12 Uses Not Permitted. FMC shall not be used in the

following:
348.24 Bends — How Made. Bends in conduit shall be

(1) In wet locations unless the conductors are approved for made so that the conduit is not damaged and the internal
the specific conditions and the installation is such that diameter of the conduit is not effectively reduced. Bends
liquid is not likely to enter raceways or enclosures to shall be permitted to be made manually without auxiliary
which the conduit is connected equipment. The radius of the curve to the centerline of any

(6) Underground or embedded in poured concrete or aggre- bend shall not be less than shown in Table 2, Chapter 9
gate using the column ‘‘Other Bends.’’

(7) Where subject to physical damage

348.26 Bends — Number in One Run. There shall not
348.20 Size. be more than the equivalent of four quarter bends (360

degrees total) between pull points, for example, conduit(A) Minimum. FMC less than metric designator 16 (trade
bodies and boxes.size 1⁄2) shall not be used unless permitted in 348.20(A)(1)

and (A)(2) for metric designator 12 (trade size).
348.28 Trimming. All cut ends shall be trimmed or other-
wise finished to remove rough edges, except where fittings(1) For enclosing the leads of motors as permitted in
that thread into the convolutions are used.430.245(B) in the NEC

(2) In lengths not in excess of 1.8 m (6 ft) for any of the 348.30 Securing and Supporting. FMC shall be securely
following uses: fastened in place and supported in accordance with
a. For utilization equipment 348.30(A) and (B).
b. As part of a listed assembly
c. For tap connections to luminaires (lighting fixtures) (A) Securely Fastened. FMC shall be securely fastened in

place by an approved means within 300 mm (12 in.) of eachas permitted in 410.67(C)

Table 348.22 Maximum Number of Insulated Conductors in Metric Designator 12 (Trade Size
3⁄8) Flexible Metal Conduit*

Types TFN, THHN, Types FEP, FEBP, PF,
Types RFH-2, SF-2 Types TF, XHHW, TW THWN 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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70A–92 ARTICLE 350 — LIQUIDTIGHT FLEXIBLE METAL CONDUIT: TYPE LFMC

350.2 Definition.box, cabinet, conduit body, or other conduit termination and
shall be supported and secured at intervals not to exceed

Liquidtight Flexible Metal Conduit (LFMC). A raceway
1.4 m (41⁄2 ft).

of circular cross section having an outer liquidtight, nonme-
Exception No. 1: Where FMC is fished. tallic, sunlight-resistant jacket over an inner flexible metal

core with associated couplings, connectors, and fittings forException No. 2: At terminals where flexibility is required,
the installation of electric conductors.lengths shall not exceed the following:

(a) 900 mm (3 ft) for metric designators 16 through 35 350.6 Listing Requirements. LFMC and associated fit-
(trade sizes 1⁄2 through 11⁄4) tings shall be listed.

(b) 1200 mm (4 ft) for metric designators 41 through 53
(trade sizes 11⁄2 through 2)

II. Installation(c) 1500 mm (5 ft) for metric designators 63 (trade size
21⁄2) and larger 350.10 Uses Permitted. LFMC shall be permitted to be

used in exposed or concealed locations as follows:Exception No. 3: Lengths not exceeding 1.8 m (6 ft) from
a luminaire (fixture) terminal connection for tap connections

(1) Where conditions of installation, operation, or mainte-
to luminaires (light fixtures) as permitted in 410.67(C).

nance require flexibility or protection from liquids, va-
Exception No. 4: Lengths not exceeding 1.8 m (6 ft) from pors, or solids
the last point where the raceway is securely fastened for (3) For direct burial where listed and marked for the purpose
connections within an accessible ceiling to luminaire(s)
[lighting fixture(s)] or other equipment. 350.12 Uses Not Permitted. LFMC shall not be used as

follows:(B) Supports. Horizontal runs of FMC supported by open-
ings through framing members at intervals not greater than (1) Where subject to physical damage
1.4 m (41⁄2 ft) and securely fastened within 300 mm (12 in.) (2) Where any combination of ambient and conductor tem-
of termination points shall be permitted. perature produces an operating temperature in excess

of that for which the material is approved
348.42 Couplings and Connectors. Angle connectors
shall not be used for concealed raceway installations.

350.20 Size.

348.56 Splices and Taps. Splices and taps shall be made (A) Minimum. LFMC smaller than metric designator 16
in accordance with 300.15. (trade size 1⁄2) shall not be used.

Exception: LFMC of metric designator 12 (trade size 3⁄8)348.60 Grounding and Bonding. Where used to connect
shall be permitted as covered in 348.20(A).equipment where flexibility is required, an equipment

grounding conductor shall be installed.
(B) Maximum. The maximum size of LFMC shall be met-Where flexibility is not required, FMC shall be permit-
ric designator 103 (trade size 4).ted to be used as an equipment grounding conductor when

installed in accordance with 250.118(5). FPN: See 300.1(C) for the metric designators and trade
Where required or installed, equipment grounding con- sizes. These are for identification purposes only and do not

relate to actual dimensions.ductors shall be installed in accordance with 250.134(B).
Where required or installed, equipment bonding jump-

350.22 Number of Conductors or Cables.ers shall be installed in accordance with 250.102.

(A) Metric Designators 16 Through 103 (trade sizes 1⁄2
through 4). The number of conductors shall not exceed that

ARTICLE 350 permitted by the percentage fill specified in Table 1, Chapter
9.Liquidtight Flexible Metal Conduit:

Cables shall be permitted to be installed where suchType LFMC
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.I. General

(B) Metric Designator 12 (trade size 3⁄8). The number of350.1 Scope. This article covers the use, installation, and
construction specifications for liquidtight flexible metal con- conductors shall not exceed that permitted in Table 348.22,

‘‘Fittings Outside Conduit’’ columns.duit (LFMC) and associated fittings.
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350.24 Bends — How Made. Bends in conduit shall be Where required or installed, equipment bonding jump-
ers shall be installed in accordance with 250.102.so made that the conduit will not be damaged and the internal

diameter of the conduit will not be effectively reduced.
Bends shall be permitted to be made manually without auxil-
iary equipment. The radius of the curve to the centerline of ARTICLE 352
any bend shall not be less than required in Table 2, Chapter Rigid Nonmetallic Conduit: Type RNC9 using the column ‘‘Other Bends.’’

350.26 Bends — Number in One Run. There shall not I. General
be more than the equivalent of four quarter bends (360

352.1 Scope. This article covers the use, installation, anddegrees total) between pull points, for example, conduit
construction specifications for rigid nonmetallic conduitbodies and boxes.
(RNC) and associated fittings.

350.30 Securing and Supporting. LFMC shall be securely
352.2 Definition.fastened in place and supported in accordance with

350.30(A) and (B). Rigid Nonmetallic Conduit (RNC). A nonmetallic race-
way of circular cross section, with integral or associated(A) Securely Fastened. LFMC shall be securely fastened
couplings, connectors, and fittings for the installation of

in place by an approved means within 300 mm (12 in.) of
electrical conductors and cables.

each box, cabinet, conduit body, or other conduit termination
and shall be supported and secured at intervals not to exceed 352.6 Listing Requirements. RNC, factory elbows, and
1.4 m (41⁄2 ft). associated fittings shall be listed.
Exception No. 1: Where LFMC is fished.

II. InstallationException No. 2: Lengths not exceeding 900 mm (3 ft) at
terminals where flexibility is necessary. 352.10 Uses Permitted. The use of RNC shall be permitted

in accordance with 352.10(A) through (H).Exception No. 3: Lengths not exceeding 1.8 m (6 ft) from
a luminaire (fixture) terminal connection for tap conductors FPN: Extreme cold may cause some nonmetallic conduits
to luminaires (lighting fixtures), as permitted in 410.67(C). to become brittle and therefore more susceptible to damage

from physical contact.
Exception No. 4: Lengths not exceeding 1.8 m (6 ft) from

(A) Concealed. RNC shall be permitted in walls, floors,the last point where the raceway is securely fastened for
and ceilings.connections within an accessible ceiling to luminaire(s)

[lighting fixture(s)] or other equipment.
(B) Corrosive Influences. RNC shall be permitted in loca-
tions subject to severe corrosive influences as covered in(B) Supports. Horizontal runs of LFMC supported by
300.6 and where subject to chemicals for which the materialsopenings through framing members at intervals not greater
are specifically approved.than 1.4 m (41⁄2 ft) and securely fastened within 300 mm

(12 in.) of termination points shall be permitted. (C) Cinders. RNC shall be permitted in cinder fill.

(D) Wet Locations. RNC shall be permitted in portions of350.42 Couplings and Connectors. Angle connectors
dairies, laundries, canneries, or other wet locations and inshall not be used for concealed raceway installations.
locations where walls are frequently washed, the entire con-
duit system including boxes and fittings used therewith shall350.56 Splices and Taps. Splices and taps shall be made
be installed and equipped so as to prevent water from enter-in accordance with 300.15.
ing the conduit. All supports, bolts, straps, screws, and so
forth, shall be of corrosion-resistant materials or be protected350.60 Grounding and Bonding. Where used to connect
against corrosion by approved corrosion-resistant materials.equipment where flexibility is required, an equipment

grounding conductor shall be installed. (E) Dry and Damp Locations. RNC shall be permitted
Where flexibility is not required, LFMC shall be permit- for use in dry and damp locations not prohibited by 352.12.

ted to be used as an equipment grounding conductor when
installed in accordance with 250.118(6). (F) Exposed. RNC shall be permitted for exposed work

where not subject to physical damage if identified for suchWhere required or installed, equipment grounding con-
ductors shall be installed in accordance with 250.134(B). use.
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352.24 Bends — How Made. Bends shall be so made that(G) Underground Installations. For underground installa-
tions, see 300.5. the conduit will not be damaged and the internal diameter

of the conduit will not be effectively reduced. Field bends
FPN: Refer to Article 353 in the NEC for High Density shall be made only with bending equipment identified for
Polyethylene Conduit: Type HDPE.

the purpose. The radius of the curve to the centerline of
such bends shall not be less than shown in Table 2, Chapter(H) Support of Conduit Bodies. Rigid nonmetallic con-
9.duit shall be permitted to support nonmetallic conduit bodies

not larger than the largest trade size of an entering raceway.
352.26 Bends — Number in One Run. There shall notThese conduit bodies shall not support luminaires (fixtures)
be more than the equivalent of four quarter bends (360or other equipment and shall not contain devices other than
degrees total) between pull points, for example, conduitsplicing devices as permitted by 110.14(B) and
bodies and boxes.314.16(C)(2).

352.28 Trimming. All cut ends shall be trimmed inside352.12 Uses Not Permitted. RNC shall not be used under
and outside to remove rough edges.

the following conditions.

352.30 Securing and Supporting. RNC shall be installed(B) Support of Luminaires (Fixtures). For the support of
as a complete system as provided in 300.18 and shall beluminaires (fixtures) or other equipment not described in
fastened so that movement from thermal expansion or con-352.10(H).
traction is permitted. RNC shall be securely fastened and
supported in accordance with 352.30(A) and (B).(C) Physical Damage. Where subject to physical damage

unless identified for such use.
(A) Securely Fastened. RNC shall be securely fastened
within 900 mm (3 ft) of each outlet box, junction box, device(D) Ambient Temperatures. Where subject to ambient
box, conduit body, or other conduit termination. Conduittemperatures in excess of 50�C (122�F) unless listed other-
listed for securing at other than 900 mm (3 ft) shall bewise.
permitted to be installed in accordance with the listing.

(E) Insulation Temperature Limitations. For conductors
(B) Supports. RNC shall be supported as required in Tableor cables operating at a temperature higher than the RNC
352.30(B). Conduit listed for support at spacings other thanlisted operating temperature rating.
as shown in Table 352.30(B) shall be permitted to be installed

Exception: Conductors or cables rated at a temperature in accordance with the listing. Horizontal runs of RNC sup-
higher than the RNC listed temperature rating shall be per- ported by openings through framing members at intervals
mitted to be installed in RNC, provided they are not operated not exceeding those in Table 352.30(B) and securely fastened
at a temperature higher than the RNC listed temperature within 900 mm (3 ft) of termination points shall be permitted.
rating.

352.44 Expansion Fittings. Expansion fittings for RNC
shall be provided to compensate for thermal expansion and352.20 Size.
contraction where the length change, in accordance with

(A) Minimum. RNC smaller than metric designator 16 Table 352.44(A) or Table 352.44(B), is expected to be 6
(trade size 1⁄2) shall not be used. mm (1⁄4 in.) or greater in a straight run between securely

(B) Maximum. RNC larger than metric designator 155
Table 352.30(B) Support of Rigid Nonmetallic Conduit

(trade size 6) shall not be used. (RNC)

FPN: The trade sizes and metric designators are for identifi-
Maximum Spacingcation purposes only and do not relate to actual dimensions.

Conduit Size Between SupportsSee 300.1(C).

Metric
Designator Trade Size mm or m ft352.22 Number of Conductors. The number of conduc-

tors shall not exceed that permitted by the percentage fill
16–27 1⁄2–1 900 mm 3specified in Table 1, Chapter 9.
35–53 11⁄4–2 1.5 m 5Cables shall be permitted to be installed where such
63–78 21⁄2–3 1.8 m 6use is not prohibited by the respective cable articles. The
91–129 31⁄2–5 2.1 m 7

number of cables shall not exceed the allowable percentage 155 6 2.5 m 8
fill specified in Table 1, Chapter 9.
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mounted items such as boxes, cabinets, elbows, or other
ARTICLE 356conduit terminations.

Liquidtight Flexible Nonmetallic Conduit:
352.46 Bushings. Where a conduit enters a box, fitting, or Type LFNC
other enclosure, a bushing or adapter shall be provided to
protect the wire from abrasion unless the box, fitting, or
enclosure design provides equivalent protection. I. General

FPN: See 300.4(F) for the protection of conductors 4 AWG 356.1 Scope. This article covers the use, installation, andand larger at bushings.
construction specifications for liquidtight flexible nonmetal-
lic conduit (LFNC) and associated fittings.352.48 Joints. All joints between lengths of conduit, and

between conduit and couplings, fittings, and boxes, shall be
made by an approved method.

356.2 Definition.

352.56 Splices and Taps. Splices and taps shall be made
Liquidtight Flexible Nonmetallic Conduit (LFNC). Ain accordance with 300.15.
raceway of circular cross section of various types as follows:

352.60 Grounding. Where equipment grounding is re-
(1) A smooth seamless inner core and cover bonded to-quired, a separate equipment grounding conductor shall be

gether and having one or more reinforcement layers be-installed in the conduit.
tween the core and covers, designated as Type LFNC-A

Exception No. 1: As permitted in 250.134(B), Exception No. (2) A smooth inner surface with integral reinforcement
2 in the NEC, for dc circuits and 250.134(B), Exception No. within the conduit wall, designated as Type LFNC-B
1, for separately run equipment grounding conductors. (3) A corrugated internal and external surface without integ-

ral reinforcement within the conduit wall, designated asException No. 2: Where the grounded conductor is used to
ground equipment as permitted in 250.142. LFNC-C

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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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

LFNC is flame resistant and with fittings and is ap- lengths longer than 1.8 m (6 ft) where secured in accord-
ance with 356.30proved for the installation of electrical conductors.

FPN: FNMC is an alternative designation for LFNC. 356.12 Uses Not Permitted. LFNC shall not be used as
follows:

356.6 Listing Requirements. LFNC and associated fit-
(1) Where subject to physical damagetings shall be listed.
(2) Where any combination of ambient and conductor tem-

peratures is in excess of that for which the LFNC is
approvedII. Installation

(3) In lengths longer than 1.8 m (6 ft), except as permitted
356.10 Uses Permitted. LFNC shall be permitted to be by 356.10(5) or where a longer length is approved as
used in exposed or concealed locations for the following essential for a required degree of flexibility
purposes:

356.20 Size.
FPN: Extreme cold may cause some types of nonmetallic
conduits to become brittle and therefore more susceptible (A) Minimum. LFNC smaller than metric designator 16
to damage from physical contact. (trade size 1⁄2) shall not be used unless permitted in

356.20(A)(1) and (A)(2) for metric designator 12 (trade size
(1) Where flexibility is required for installation, operation, 3⁄8).

or maintenance
(2) Where protection of the contained conductors is re- (1) For enclosing the leads of motors as permitted in

430.245(B) in the NECquired from vapors, liquids, or solids
(3) For outdoor locations where listed and marked as suit- (2) In lengths not exceeding 1.8 m (6 ft ) as part of a listed

assembly for tap connections to luminaires (lightingable for the purpose
(4) For direct burial where listed and marked for the purpose fixtures) as required in 410.67(C), or for utilization

equipment(5) Type LFNC-B shall be permitted to be installed in
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(B) Maximum. LFNC larger than metric designator 103 tened for connections within an accessible ceiling to
luminaire(s) [lighting fixture(s)] or other equipment.(trade size 4) shall not be used.

FPN: See 300.1(C) for the metric designators and trade 356.42 Couplings and Connectors. Only fittings listed for
sizes. These are for identification purposes only and do not

use with LFNC shall be used. Angle connectors shall notrelate to actual dimensions.
be used for concealed raceway installations. Straight LFNC
fittings are permitted for direct burial or encasement in con-356.22 Number of Conductors. The number of conduc-
crete.

tors shall not exceed that permitted by the percentage fill
specified in Table 1, Chapter 9.

356.56 Splices and Taps. Splices and taps shall be madeCables shall be permitted to be installed where such
in accordance with 300.15.use is not prohibited by the respective cable articles. The

number of cables shall not exceed the allowable percentage
356.60 Grounding and Bonding. Where used to connectfill specified in Table 1, Chapter 9.
equipment where flexibility is required, an equipment
grounding conductor shall be installed.

356.24 Bends — How Made. Bends in conduit shall be Where required or installed, equipment grounding con-
so made that the conduit is not damaged and the internal ductors shall be installed in accordance with 250.134(B).
diameter of the conduit is not effectively reduced. Bends Where required or installed, equipment bonding jump-
shall be permitted to be made manually without auxiliary ers shall be installed in accordance with 250.102.
equipment. The radius of the curve to the centerline of any
bend shall not be less than shown in Table 2, Chapter 9
using the column ‘‘Other Bends.’’

ARTICLE 358
Electrical Metallic Tubing: Type EMT356.26 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

I. Generalbodies and boxes.

358.1 Scope. This article covers the use, installation, and
356.28 Trimming. All cut ends of conduit shall be trimmed construction specifications for electrical metallic tubing
inside and outside to remove rough edges. (EMT) and associated fittings.

358.2 Definition.356.30 Securing and Supporting. Type LFNC-B shall be
securely fastened and supported in accordance with one of

Electrical Metallic Tubing (EMT). An unthreaded thin-
the following:

wall raceway of circular cross section designed for the physi-
cal protection and routing of conductors and cables and for(1) Where installed in lengths exceeding 1.8 m (6 ft), the
use as an equipment grounding conductor when installedconduit shall be securely fastened at intervals not ex-
utilizing appropriate fittings. EMT is generally made of steelceeding 900 mm (3 ft) and within 300 mm (12 in.) on
(ferrous) with protective coatings or aluminum (nonferrous).each side of every outlet box, junction box, cabinet, or

fitting.
358.6 Listing Requirements. EMT, factory elbows, and(2) Securing or supporting of the conduit shall not be re-
associated fittings shall be listed.quired where it is fished, installed in lengths not ex-

ceeding 900 mm (3 ft) at terminals where flexibility is
required, or installed in lengths not exceeding 1.8 m (6 II. Installation
ft) from a luminaire (fixture) terminal connection for tap

358.10 Uses Permitted.conductors to luminaires (lighting fixtures) permitted in
410.67(C). (A) Exposed and Concealed. The use of EMT shall be

(3) Horizontal runs of LFNC supported by openings permitted for both exposed and concealed work.
through framing members at intervals not exceeding
900 mm (3 ft) and securely fastened within 300 mm (B) Corrosion Protection. Ferrous or nonferrous EMT, el-

bows, couplings, and fittings shall be permitted to be(12 in.) of termination points shall be permitted.
(4) Securing or supporting of LFNC-B shall not be required installed in concrete, in direct contact with the earth, or in

areas subject to severe corrosive influences where protectedwhere installed in lengths not exceeding 1.8 m (6 ft)
from the last point where the raceway is securely fas- by corrosion protection and judged suitable for the condition.
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358.26 Bends — Number in One Run. There shall not(C) Wet Locations. All supports, bolts, straps, screws, and
so forth shall be of corrosion-resistant materials or protected be more than the equivalent of four quarter bends (360

degrees total) between pull points, for example, conduitagainst corrosion by corrosion-resistant materials.
bodies and boxes.

FPN: See 300.6 for protection against corrosion.

358.28 Reaming and Threading.358.12 Uses Not Permitted. EMT shall not be used under
the following conditions: (A) Reaming. All cut ends of EMT shall be reamed or

otherwise finished to remove rough edges.(1) Where, during installation or afterward, it will be subject
to severe physical damage

(B) Threading. EMT shall not be threaded.(2) Where protected from corrosion solely by enamel
(3) In cinder concrete or cinder fill where subject to perma- Exception: EMT with factory threaded integral couplings

nent moisture unless protected on all sides by a layer complying with 358.100 in the NEC.
of noncinder concrete at least 50 mm (2 in.) thick or
unless the tubing is at least 450 mm (18 in.) under the

358.30 Securing and Supporting. EMT shall be installedfill
as a complete system in accordance with 300.18 and shall(5) For the support of luminaires (fixtures) or other equip-
be securely fastened in place and supported in accordancement except conduit bodies no larger than the largest
with 358.30(A) and (B).trade size of the tubing

(6) Where practicable, dissimilar metals in contact any-
(A) Securely Fastened. EMT shall be securely fastened inwhere in the system shall be avoided to eliminate the
place at least every 3 m (10 ft). In addition, each EMT runpossibility of galvanic action
between termination points shall be securely fastened within

Exception: Aluminum fittings and enclosures shall be per- 900 mm (3 ft) of each outlet box, junction box, device box,
mitted to be used with steel EMT where not subject to severe cabinet, conduit body, or other tubing termination.
corrosive influences.

Exception No. 1: Fastening of unbroken lengths shall be
permitted to be increased to a distance of 1.5 m (5 ft) where358.20 Size.
structural members do not readily permit fastening within

(A) Minimum. EMT smaller than metric designator 16 900 mm (3 ft).
(trade size 1⁄2) shall not be used.

Exception No. 2: For concealed work in finished buildings
Exception: For enclosing the leads of motors as permitted or prefinished wall panels where such securing is impracti-
in 430.245(B) in the NEC. cable, unbroken lengths (without coupling) of EMT shall be

permitted to be fished.
(B) Maximum. The maximum size of EMT shall be metric
designator 103 (trade size 4). (B) Supports. Horizontal runs of EMT supported by open-

ings through framing members at intervals not greater thanFPN: See 300.1(C) for the metric designators and trade
sizes. These are for identification purposes only and do not 3 m (10 ft) and securely fastened within 900 mm (3 ft) of
relate to actual dimensions. termination points shall be permitted.

358.22 Number of Conductors. The number of conduc-
358.42 Couplings and Connectors. Couplings and con-

tors shall not exceed that permitted by the percentage fill
nectors used with EMT shall be made up tight. Where buried

specified in Table 1, Chapter 9.
in masonry or concrete, they shall be concretetight type.

Cables shall be permitted to be installed where such
Where installed in wet locations, they shall comply with

use is not prohibited by the respective cable articles. The
314.15(A).

number of cables shall not exceed the allowable percentage
fill specified in Table 1, Chapter 9.

358.56 Splices and Taps. Splices and taps shall be made
in accordance with 300.15.358.24 Bends — How Made. Bends shall be made so that

the tubing is not damaged and the internal diameter of the
tubing is not effectively reduced. The radius of the curve of 358.60 Grounding. EMT shall be permitted as an equip-
any field bend to the centerline of the tubing shall not be ment grounding conductor.
less than shown in Table 2, Chapter 9 for one-shot and full
shoe benders.
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FPN: A finish rating is established for assemblies containing
combustible (wood) supports. The finish rating is definedARTICLE 362
as the time at which the wood stud or wood joist reaches

Electrical Nonmetallic Tubing: Type ENT an average temperature rise of 121�C (250�F) or an individual
temperature of 163�C (325�F) as measured on the plane of
the wood nearest the fire. A finish rating is not intended to
represent a rating for a membrane ceiling.I. General

(4) In concealed, dry, and damp locations not prohibited by362.1 Scope. This article covers the use, installation, and
362.12.construction specifications for electrical nonmetallic tubing

(5) Above suspended ceilings where the suspended ceilings(ENT) and associated fittings.
provide a thermal barrier of material that has at least a
15-minute finish rating as identified in listings of fire-362.2 Definition.
rated assemblies, except as permitted in 362.10(1)(a).

Electrical Nonmetallic Tubing (ENT). A nonmetallic pli-
Exception to (5): ENT shall be permitted to be used aboveable corrugated raceway of circular cross section with inte-
suspended ceilings in buildings exceeding three floors abovegral or associated couplings, connectors, and fittings for the
grade where the building is protected throughout by a fireinstallation of electric conductors. ENT is composed of a
sprinkler system installed in accordance with NFPA 13-material that is resistant to moisture and chemical atmo-
2002, Standard for the Installation of Sprinkler Systems.spheres and is flame retardant.

A pliable raceway is a raceway that can be bent by hand (6) Encased in poured concrete, or embedded in a concrete
with a reasonable force but without other assistance. slab on grade where ENT is placed on sand or approved

screenings, provided fittings identified for this purpose
362.6 Listing Requirements. ENT and associated fittings are used for connections.
shall be listed. (7) For wet locations indoors as permitted in this section

or in a concrete slab on or below grade, with fittings
listed for the purpose.II. Installation

FPN: Extreme cold may cause some types of nonmetallic362.10 Uses Permitted. For the purpose of this article, the
conduits to become brittle and therefore more susceptible

first floor of a building shall be that floor that has 50 percent to damage from physical contact.
or more of the exterior wall surface area level with or above
finished grade. One additional level that is the first level 362.12 Uses Not Permitted. ENT shall not be used in the
and not designed for human habitation and used only for following:
vehicle parking, storage, or similar use shall be permitted.

(2) For the support of luminaires (fixtures) and other equip-The use of ENT and fittings shall be permitted in the follow-
menting:

(3) Where subject to ambient temperatures in excess of
50�C (122�F) unless listed otherwise(1) In any building not exceeding three floors above grade

(4) For conductors or cables operating at a temperatureas follows:
higher than the ENT listed temperature rating

a. For exposed work, where not prohibited by 362.12
Exception to (4): Conductors or cables rated at a tempera-b. Concealed within walls, floors, and ceilings
ture higher than the ENT listed temperature rating shall be

(2) In any building exceeding three floors above grade, ENT permitted to be installed in ENT, provided they are not
shall be concealed within walls, floors, and ceilings operated at a temperature higher than the ENT listed temper-
where the walls, floors, and ceilings provide a thermal ature rating.
barrier of material that has at least a 15-minute finish
rating as identified in listings of fire-rated assemblies. (5) For direct earth burial
The 15-minute-finish-rated thermal barrier shall be per- (7) In exposed locations, except as permitted by 362.10(1),
mitted to be used for combustible or noncombustible 362.10(5), and 362.10(7)
walls, floors, and ceilings. (9) Where exposed to the direct rays of the sun, unless

identified as sunlight resistant
Exception to (2): Where a fire sprinkler system(s) is installed (10) Where subject to physical damage
in accordance with NFPA 13-2002, Standard for the Installa-

362.20 Size.tion of Sprinkler Systems, on all floors, ENT shall be permit-
ted to be used within walls, floors, and ceilings, exposed or (A) Minimum. ENT smaller than metric designator 16

(trade size 1⁄2) shall not be used.concealed, in buildings exceeding three floors above grade.

NFPA 70A NATIONAL ELECTRICAL CODE� REQUIREMENTS FOR ONE- AND TWO-FAMILY DWELLINGS 2005 Edition



70A–100 ARTICLE 380 — MULTIOUTLET ASSEMBLY

(B) Supports. Horizontal runs of ENT supported by open-(B) Maximum. ENT larger than metric designator 53
(trade size 2) shall not be used. ings in framing members at intervals not exceeding 900

mm (3 ft) and securely fastened within 900 mm (3 ft) of
FPN: See 300.1(C) for the metric designators and trade termination points shall be permitted.
sizes. These are for identification purposes only and do not
relate to actual dimensions.

362.46 Bushings. Where a tubing enters a box, fitting, or
other enclosure, a bushing or adapter shall be provided to

362.22 Number of Conductors. The number of conduc- protect the wire from abrasion unless the box, fitting, or
tors shall not exceed that permitted by the percentage fill enclosure design provides equivalent protection.
in Table 1, Chapter 9.

FPN: See 300.4(F) for the protection of conductors size 4Cables shall be permitted to be installed where such
AWG or larger.

use is not prohibited by the respective cable articles. The
number of cables shall not exceed the allowable percentage 362.48 Joints. All joints between lengths of tubing and
fill specified in Table 1, Chapter 9. between tubing and couplings, fittings, and boxes shall be

by an approved method.
362.24 Bends — How Made. Bends shall be so made that
the tubing will not be damaged and the internal diameter of 362.56 Splices and Taps. Splices and taps shall be made

only in accordance with 300.15.the tubing will not be effectively reduced. Bends shall be
permitted to be made manually without auxiliary equipment, FPN: See Article 314 for rules on the installation and use
and the radius of the curve to the centerline of such bends of boxes and conduit bodies.
shall not be less than shown in Table 2, Chapter 9 using the
column ‘‘Other Bends.’’ 362.60 Grounding. Where equipment grounding is re-

quired, a separate equipment grounding conductor shall be
installed in the raceway.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. ARTICLE 380

Multioutlet Assembly
362.28 Trimming. All cut ends shall be trimmed inside
and outside to remove rough edges.

380.1 Scope. This article covers the use and installation
requirements for multioutlet assemblies.362.30 Securing and Supporting. ENT shall be installed

as a complete system in accordance with 300.18 and shall
380.2 Use.be securely fastened in place and supported in accordance

with 362.30(A) and (B). (A) Permitted. The use of a multioutlet assembly shall be
permitted in dry locations.

(A) Securely Fastened. ENT shall be securely fastened at
(B) Not Permitted. A multioutlet assembly shall not beintervals not exceeding 900 mm (3 ft). In addition, ENT
installed as follows:shall be securely fastened in place within 900 mm (3 ft) of

each outlet box, device box, junction box, cabinet, or fitting (1) Where concealed, except that it shall be permissible
where it terminates. to surround the back and sides of a metal multioutlet

assembly by the building finish or recess a nonmetallicException No. 1: Lengths not exceeding a distance of 1.8
multioutlet assembly in a baseboardm (6 ft) from a luminaire (fixture) terminal connection for

(2) Where subject to severe physical damagetap connections to lighting luminaires (fixtures) shall be
permitted without being secured.

380.3 Metal Multioutlet Assembly Through Dry Parti-
tions. It shall be permissible to extend a metal multioutletException No. 2: Lengths not exceeding 1.8 m (6 ft) from

the last point where the raceway is securely fastened for assembly through (not run within) dry partitions if arrange-
ments are made for removing the cap or cover on all exposedconnections within an accessible ceiling to luminaire(s)

[lighting fixture(s)] or other equipment. portions and no outlet is located within the partitions.
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Chapter 4 Equipment for General Use

(3) Where run through doorways, windows, or similar open-
ARTICLE 400 ings

(4) Where attached to building surfacesFlexible Cords and Cables
(5) Where concealed by walls, floors, or ceilings or located

above suspended or dropped ceilings
(6) Where installed in raceways, except as otherwise per-I. General

mitted in this Code or the NEC
400.1 Scope. This article covers general requirements, ap- (7) Where subject to physical damage
plications, and construction specifications for flexible cords
and flexible cables.

400.9 Splices. Flexible cord shall be used only in continu-
ous lengths without splice or tap where initially installed in

400.2 Other Articles. Flexible cords and flexible cables applications permitted by 400.7(A). The repair of hard-
shall comply with this article and with the applicable provi- service cord and junior hard-service cord (see Trade Name
sions of other articles of this Code. column in Table 400.4 in the NEC) 14 AWG and larger shall

be permitted if conductors are spliced in accordance with
400.3 Suitability. Flexible cords and cables and their asso- 110.14(B) and the completed splice retains the insulation,
ciated fittings shall be suitable for the conditions of use and outer sheath properties, and usage characteristics of the cord
location. being spliced.

400.7 Uses Permitted. 400.10 Pull at Joints and Terminals. Flexible cords and
cables shall be connected to devices and to fittings so that(A) Uses. Flexible cords and cables shall be used only for
tension is not transmitted to joints or terminals.the following:

FPN: Some methods of preventing pull on a cord from
(1) Pendants being transmitted to joints or terminals are knotting the cord,
(2) Wiring of luminaires (fixtures) winding with tape, and fittings designed for the purpose.
(3) Connection of portable lamps, portable and mobile

signs, or appliances
(6) Connection of utilization equipment to facilitate fre-

ARTICLE 404quent interchange
Switches(7) Prevention of the transmission of noise or vibration

(8) Appliances where the fastening means and mechanical
connections are specifically designed to permit ready

I. Installationremoval for maintenance and repair, and the appliance
is intended or identified for flexible cord connection 404.1 Scope. The provisions of this article shall apply to

(9) Connection of moving parts all switches, switching devices, and circuit breakers where
(10) Where specifically permitted elsewhere in this Code used as switches.

or the NEC.

404.2 Switch Connections.(B) Attachment Plugs. Where used as permitted in
400.7(A)(3), (A)(6), and (A)(8), each flexible cord shall be (A) Three-Way and Four-Way Switches. Three-way and
equipped with an attachment plug and shall be energized four-way switches shall be wired so that all switching is
from a receptacle outlet. done only in the ungrounded circuit conductor. Where in

metal raceways or metal-armored cables, wiring between
400.8 Uses Not Permitted. Unless specifically permitted switches and outlets shall be in accordance with 300.20(A).
in 400.7, flexible cords and cables shall not be used for the

Exception: Switch loops shall not require a grounded con-following:
ductor.

(1) As a substitute for the fixed wiring of a structure
(2) Where run through holes in walls, structural ceilings, (B) Grounded Conductors. Switches or circuit breakers

shall not disconnect the grounded conductor of a circuit.suspended ceilings, dropped ceilings, or floors
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Exception: A switch or circuit breaker shall be permitted as to completely cover the opening and, where the switch
is flush mounted, seat against the finished surface.to disconnect a grounded circuit conductor where all circuit

conductors are disconnected simultaneously, or where the
(B) Grounding. Snap switches, including dimmer and sim-device is arranged so that the grounded conductor cannot
ilar control switches, shall be effectively grounded and shallbe disconnected until all the ungrounded conductors of the
provide a means to ground metal faceplates, whether orcircuit have been disconnected.
not a metal faceplate is installed. Snap switches shall be

404.3 Enclosure. considered effectively grounded if either of the following
conditions is met:(A) General. Switches and circuit breakers shall be of the

externally operable type mounted in an enclosure listed for (1) The switch is mounted with metal screws to a metal
the intended use. The minimum wire-bending space at termi- box or to a nonmetallic box with integral means for
nals and minimum gutter space provided in switch enclo- grounding devices.
sures shall be as required in 312.6. (2) An equipment grounding conductor or equipment bond-
Exception No. 1: Pendant- and surface-type snap switches ing jumper is connected to an equipment grounding
and knife switches mounted on an open-face switchboard termination of the snap switch.
or panelboard shall be permitted without enclosures.

Exception to (B): Where no grounding means exists within
(B) Used as a Raceway. Enclosures shall not be used as the snap-switch enclosure or where the wiring method does
junction boxes, auxiliary gutters, or raceways for conductors not include or provide an equipment ground, a snap switch
feeding through or tapping off to other switches or overcur- without a grounding connection shall be permitted for re-
rent devices, unless the enclosure complies with 312.8. placement purposes only. A snap switch wired under the

provisions of this exception and located within reach of
404.4 Wet Locations. A switch or circuit breaker in a wet earth, grade, conducting floors, or other conducting surfaces
location or outside of a building shall be enclosed in a shall be provided with a faceplate of nonconducting, non-
weatherproof enclosure or cabinet that shall comply with combustible material or shall be protected by a ground-fault
312.2(A). Switches shall not be installed within wet locations circuit interrupter.
in tub or shower spaces unless installed as part of a listed
tub or shower assembly. (C) Construction. Metal faceplates shall be of ferrous

metal not less than 0.76 mm (0.030 in.) in thickness or of
404.5 Time Switches, Flashers, and Similar Devices. nonferrous metal not less than 1.02 mm (0.040 in.) in thick-
Time switches, flashers, and similar devices shall be of the ness. Faceplates of insulating material shall be noncombusti-
enclosed type or shall be mounted in cabinets or boxes or ble and not less than 2.54 mm (0.010 in.) in thickness, but
equipment enclosures. Energized parts shall be barriered to they shall be permitted to be less than 2.54 mm (0.010 in.)
prevent operator exposure when making manual adjustments in thickness if formed or reinforced to provide adequate
or switching. mechanical strength.

404.8 Accessibility and Grouping.
404.10 Mounting of Snap Switches.

(A) Location. All switches and circuit breakers used as
(A) Surface-Type. Snap switches used with open wiringswitches shall be located so that they may be operated from
on insulators shall be mounted on insulating material thata readily accessible place. They shall be installed such that
separates the conductors at least 13 mm (1⁄2 in.) from thethe center of the grip of the operating handle of the switch
surface wired over.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.
(B) Box Mounted. Flush-type snap switches mounted in

Exception No. 2: Switches and circuit breakers installed boxes that are set back of the finished surface as permitted
adjacent to motors, appliances, or other equipment that they in 314.20 shall be installed so that the extension plaster
supply shall be permitted to be located higher than 2.0 m ears are seated against the surface. Flush-type snap switches
(6 ft 7 in.) and to be accessible by portable means. mounted in boxes that are flush with the finished surface or

project from it shall be installed so that the mounting yokeException No. 3: Hookstick operable isolating switches
or strap of the switch is seated against the box.shall be permitted at greater heights.

404.9 Provisions for General-Use Snap Switches. 404.11 Circuit Breakers as Switches. A hand-operable
circuit breaker equipped with a lever or handle, or a power-(A) Faceplates. Faceplates provided for snap switches

mounted in boxes and other enclosures shall be installed so operated circuit breaker capable of being opened by hand
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in the event of a power failure, shall be permitted to serve
ARTICLE 406as a switch if it has the required number of poles.

Receptacles, Cord Connectors, andFPN: See the provisions contained in 240.81 and 240.83 in
Attachment Plugs (Caps)the NEC.

404.12 Grounding of Enclosures. Metal enclosures for
406.1 Scope. This article covers the rating, type, and instal-switches or circuit breakers shall be grounded as specified
lation of receptacles, cord connectors, and attachment plugsin Article 250. Where nonmetallic enclosures are used with
(cord caps).metal raceways or metal-armored cables, provision shall be

made for grounding continuity.
Except as covered in 404.9(B), Exception, nonmetallic 406.2 Receptacle Rating and Type.

boxes for switches shall be installed with a wiring method
(A) Receptacles. Receptacles shall be listed and markedthat provides or includes an equipment ground.
with the manufacturer’s name or identification and voltage
and ampere ratings.404.14 Rating and Use of Snap Switches. Snap switches

shall be used within their ratings and as indicated in (B) Rating. Receptacles and cord connectors shall be rated
404.14(A), (B), (C), and (E). not less than 15 amperes, 125 volts, or 15 amperes, 250 volts,

and shall be of a type not suitable for use as lampholders.FPN No. 2: For switches controlling motors, see 430.83,
430.109, and 430.110 in the NEC.

FPN: See 210.21(B) for receptacle ratings where installed
on branch circuits.(A) Alternating Current General-Use Snap Switch. A

form of general-use snap switch suitable only for use on ac (C) Receptacles for Aluminum Conductors. Receptacles
circuits for controlling the following: rated 20 amperes or less and designed for the direct connec-

tion of aluminum conductors shall be marked CO/ALR.(1) Resistive and inductive loads, including electric-dis-
charge lamps, not exceeding the ampere rating of the

406.3 General Installation Requirements. Receptacleswitch at the voltage involved
outlets shall be located in branch circuits in accordance with(2) Tungsten-filament lamp loads not exceeding the ampere
Part III of Article 210. General installation requirementsrating of the switch at 120 volts
shall be in accordance with 406.3(A) through 406.3(F).(3) Motor loads not exceeding 80 percent of the ampere

rating of the switch at its rated voltage
(A) Grounding Type. Receptacles installed on 15- and 20-
ampere branch circuits shall be of the grounding type.(B) Alternating-Current or Direct-Current General-Use
Grounding-type receptacles shall be installed only on circuitsSnap Switch. A form of general-use snap switch suitable
of the voltage class and current for which they are rated,for use on either ac or dc circuits for controlling the follow-
except as provided in Table 210.21(B)(2) and Tableing:
210.21(B)(3).

(1) Resistive loads not exceeding the ampere rating of the
Exception: Nongrounding-type receptacles installed in ac-switch at the voltage applied.
cordance with 406.3(D).(2) Inductive loads not exceeding 50 percent of the ampere

rating of the switch at the applied voltage. Switches
(B) To Be Grounded. Receptacles and cord connectors thatrated in horsepower are suitable for controlling motor
have grounding contacts shall have those contacts effectivelyloads within their rating at the voltage applied.
grounded.(3) Tungsten-filament lamp loads not exceeding the ampere

rating of the switch at the applied voltage if T-rated. Exception No. 2: Replacement receptacles as permitted by
406.3(D).

(C) CO/ALR Snap Switches. Snap switches rated 20 am-
peres or less directly connected to aluminum conductors (C) Methods of Grounding. The grounding contacts of
shall be listed and marked CO/ALR. receptacles and cord connectors shall be grounded by con-

nection to the equipment grounding conductor of the circuit
(E) Dimmer Switches. General-use dimmer switches shall

supplying the receptacle or cord connector.
be used only to control permanently installed incandescent

The branch-circuit wiring method shall include or pro-
luminaires (lighting fixtures) unless listed for the control of

vide an equipment-grounding conductor to which the
other loads and installed accordingly.

grounding contacts of the receptacle or cord connector are
connected.
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FPN No. 1: See 250.118 for acceptable grounding means. 406.4 Receptacle Mounting. Receptacles shall be
mounted in boxes or assemblies designed for the purpose,

FPN No. 2: For extensions of existing branch circuits, see and such boxes or assemblies shall be securely fastened in250.130.
place unless otherwise permitted elsewhere in this Code.

(D) Replacements. Replacement of receptacles shall com- (A) Boxes That Are Set Back. Receptacles mounted in
ply with 406.3(D)(1), (D)(2), and (D)(3) as applicable. boxes that are set back from the finished surface as permitted

in 314.20 shall be installed such that the mounting yoke or(1) Grounding-Type Receptacles. Where a grounding
strap of the receptacle is held rigidly at the finished surface.

means exists in the receptacle enclosure or a grounding
conductor is installed in accordance with 250.130(C), (B) Boxes That Are Flush. Receptacles mounted in boxes
grounding-type receptacles shall be used and shall be con- that are flush with the finished surface or project therefrom
nected to the grounding conductor in accordance with shall be installed such that the mounting yoke or strap of
406.3(C) or 250.130(C). the receptacle is held rigidly against the box or box cover.

(C) Receptacles Mounted on Covers. Receptacles(2) Ground-Fault Circuit Interrupters. Ground-fault cir-
mounted to and supported by a cover shall be held rigidlycuit-interrupter protected receptacles shall be provided
against the cover by more than one screw or shall be a devicewhere replacements are made at receptacle outlets that are
assembly or box cover listed and identified for securing byrequired to be so protected elsewhere in this Code.
a single screw.

(3) Non–grounding-Type Receptacles. Where grounding
(D) Position of Receptacle Faces. After installation, re-means does not exist in the receptacle enclosure, the installa-
ceptacle faces shall be flush with or project from faceplatestion shall comply with (D)(3)(a), (D)(3)(b), or (D)(3)(c).
of insulating material and shall project a minimum of
0.4 mm (0.015 in.) from metal faceplates.(a) A non–grounding-type receptacle(s) shall be per-

mitted to be replaced with another non–grounding-type re- Exception No. 1: Listed kits or assemblies encompassing
ceptacle(s). receptacles and nonmetallic faceplates that cover the recep-

(b) A non–grounding-type receptacle(s) shall be per- tacle face, where the plate cannot be installed on any other
mitted to be replaced with a ground-fault circuit interrupter- receptacle, shall be permitted.
type of receptacle(s). These receptacles shall be marked ‘‘No

Exception No. 2: Listed nonmetallic faceplates that coverEquipment Ground.’’ An equipment grounding conductor
the receptacle face to a maximum thickness of 1 mmshall not be connected from the ground-fault circuit-inter-
(0.040 in.) shall be permitted.rupter-type receptacle to any outlet supplied from the

ground-fault circuit-interrupter receptacle.
(E) Receptacles in Countertops and Similar Work Sur-(c) A non–grounding-type receptacle(s) shall be per-
faces in Dwelling Units. Receptacles shall not be installedmitted to be replaced with a grounding-type receptacle(s)
in a face-up position in countertops or similar work surfaces.where supplied through a ground-fault circuit interrupter.

Grounding-type receptacles supplied through the ground- (F) Exposed Terminals. Receptacles shall be enclosed so
fault circuit interrupter shall be marked ‘‘GFCI Protected’’ that live wiring terminals are not exposed to contact.
and ‘‘No Equipment Ground.’’ An equipment grounding
conductor shall not be connected between the grounding- 406.5 Receptacle Faceplates (Cover Plates). Receptacle
type receptacles. faceplates shall be installed so as to completely cover the

opening and seat against the mounting surface.
(E) Cord-and-Plug-Connected Equipment. The installa-
tion of grounding-type receptacles shall not be used as a (A) Thickness of Metal Faceplates. Metal faceplates shall
requirement that all cord-and-plug-connected equipment be be of ferrous metal not less than 0.76 mm (0.030 in.) in
of the grounded type. thickness or of nonferrous metal not less than 1.02 mm

(0.040 in.) in thickness.
FPN: See 250.114 for types of cord-and-plug-connected
equipment to be grounded. (B) Grounding. Metal faceplates shall be grounded.

(F) Noninterchangeable Types. Receptacles connected to (C) Faceplates of Insulating Material. Faceplates of insu-
lating material shall be noncombustible and not less thancircuits that have different voltages, frequencies, or types

of current (ac or dc) on the same premises shall be of such 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-design that the attachment plugs used on these circuits are

not interchangeable. forced to provide adequate mechanical strength.
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(C) Grounding Terminal Use. A grounding terminal or406.6 Attachment Plugs, Cord Connectors, and Flanged
Surface Devices. All attachment plugs, cord connectors, grounding-type device shall not be used for purposes other

than grounding.and flanged surface devices (inlets and outlets) shall be listed
and marked with the manufacturer’s name or identification
and voltage and ampere ratings.

(B) Connection of Attachment Plugs. Attachment plugs ARTICLE 408
shall be installed so that their prongs, blades, or pins are Switchboards and Panelboardsnot energized unless inserted into an energized receptacle.
No receptacle shall be installed so as to require the insertion
of an energized attachment plug as its source of supply.

I. General

406.8 Receptacles in Damp or Wet Locations. 408.1 Scope. This article covers the following:

(A) Damp Locations. A receptacle installed outdoors in a
(1) All switchboards, panelboards, and distribution boardslocation protected from the weather or in other damp loca-

installed for the control of light and power circuitstions shall have an enclosure for the receptacle that is weath-
(2) Battery-charging panels supplied from light or powererproof when the receptacle is covered (attachment plug cap

circuitsnot inserted and receptacle covers closed).
An installation suitable for wet locations shall also be

considered suitable for damp locations. 408.2 Other Articles. Switches, circuit breakers, and over-
A receptacle shall be considered to be in a location current devices used on switchboards, panelboards, and dis-

protected from the weather where located under roofed open tribution boards, and their enclosures shall comply with this
porches, canopies, marquees, and the like, and will not be article and also with the requirements of Articles 240, 250,
subjected to a beating rain or water runoff. 312, 314, 404, and other articles that apply.

(B) Wet Locations.
408.3 Support and Arrangement of Busbars and Con-(1) 15- and 20-Ampere Receptacles in a Wet Loca-
ductors.tion. 15- and 20-ampere, 125- and 250-volt receptacles in-

stalled in a wet location shall have an enclosure that is
(C) Used as Service Equipment. Each switchboard or

weatherproof whether or not the attachment plug cap is
panelboard, if used as service equipment, shall be provided

inserted.
with a main bonding jumper sized in accordance with
250.28(D) or the equivalent placed within the panelboard(2) Other Receptacles. All other receptacles installed in a
or one of the sections of the switchboard for connectingwet location shall comply with (B)(2)(a) or (B)(2)(b).
the grounded service conductor on its supply side to the

(a) A receptacle installed in a wet location, where the switchboard or panelboard frame. All sections of a switch-
product intended to be plugged into it is not attended while board shall be bonded together using an equipment bonding
in use, shall have an enclosure that is weatherproof with the conductor sized in accordance with Table 250.122 or Table
attachment plug cap inserted or removed. 250.66 as appropriate.

(b) A receptacle installed in a wet location where the
product intended to be plugged into it will be attended while

408.4 Circuit Directory or Circuit Identification. Everyin use (e.g., portable tools) shall have an enclosure that is
circuit and circuit modification shall be legibly identifiedweatherproof when the attachment plug is removed.
as to its clear, evident, and specific purpose or use. The

(C) Bathtub and Shower Space. Receptacles shall not be identification shall include sufficient detail to allow each
installed within or directly over a bathtub or shower stall. circuit to be distinguished from all others. The identification

shall be included in a circuit directory that is located on the
(E) Flush Mounting with Faceplate. The enclosure for a face or inside of the panel door in the case of a panelboard,
receptacle installed in an outlet box flush-mounted in a and located at each switch on a switchboard.
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. 408.7 Unused Openings. Unused openings for circuit

breakers and switches shall be closed using identified clo-
406.9 Grounding-Type Receptacles, Adapters, Cord sures, or other approved means that provide protection sub-

stantially equivalent to the wall of the enclosure.Connectors, and Attachment Plugs.
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Exception No. 2: For existing installations, individual pro-III. Panelboards
tection for lighting and appliance branch-circuit pan-

408.30 General. All panelboards shall have a rating not
elboards shall not be required where such panelboards are

less than the minimum feeder capacity required for the load
used as service equipment in supplying an individual resi-

calculated in accordance with Article 220. Panelboards shall
dential occupancy.

be durably marked by the manufacturer with the voltage and
the current rating and the number of phases for which they (B) Power Panelboard Protection. In addition to the re-
are designed and with the manufacturer’s name or trademark quirements of 408.30, a power panelboard with supply con-
in such a manner so as to be visible after installation, without ductors that include a neutral, and having more than 10
disturbing the interior parts or wiring. percent of its overcurrent devices protecting branch circuits

rated 30 amperes or less, shall be protected by an overcurrentFPN: See 110.22 for additional requirements.
protective device having a rating not greater than that of
the panelboard. This overcurrent protective device shall be

408.34 Classification of Panelboards. Panelboards shall located within or at any point on the supply side of the
be classified for the purposes of this article as either lighting panelboard.
and appliance branch-circuit panelboards or power pan-

Exception: This individual protection shall not be requiredelboards, based on their content. A lighting and appliance
for a power panelboard used as service equipment withbranch circuit is a branch circuit that has a connection to
multiple disconnecting means in accordance with 230.71.the neutral of the panelboard and that has overcurrent protec-

tion of 30 amperes or less in one or more conductors.
(C) Snap Switches Rated at 30 Amperes or Less. Panel-
boards equipped with snap switches rated at 30 amperes or(A) Lighting and Appliance Branch-Circuit Panelboard.
less shall have overcurrent protection of 200 amperes orA lighting and appliance branch-circuit panelboard is one
less.having more than 10 percent of its overcurrent devices pro-

tecting lighting and appliance branch circuits.
(F) Back-Fed Devices. Plug-in-type overcurrent protec-
tion devices or plug-in type main lug assemblies that are(B) Power Panelboard. A power panelboard is one having
backfed and used to terminate field-installed ungrounded10 percent or fewer of its overcurrent devices protecting
supply conductors shall be secured in place by an additionallighting and appliance branch circuits.
fastener that requires other than a pull to release the device
from the mounting means on the panel.408.35 Number of Overcurrent Devices on One Panel-

board. Not more than 42 overcurrent devices (other than
408.37 Panelboards in Damp or Wet Locations. Pan-those provided for in the mains) of a lighting and appliance
elboards in damp or wet locations shall be installed to complybranch-circuit panelboard shall be installed in any one cabi-
with 312.2(A).net or cutout box.

A lighting and appliance branch-circuit panelboard shall
408.38 Enclosure. Panelboards shall be mounted in cabi-be provided with physical means to prevent the installation
nets, cutout boxes, or enclosures designed for the purposeof more overcurrent devices than that number for which the
and shall be dead-front.panelboard was designed, rated, and approved.

For the purposes of this article, a 2-pole circuit breaker
408.39 Relative Arrangement of Switches and Fuses. Inshall be considered two overcurrent devices; a 3-pole circuit
panelboards, fuses of any type shall be installed on the loadbreaker shall be considered three overcurrent devices.
side of any switches.

408.36 Overcurrent Protection. Exception: Fuses installed as part of service equipment in
accordance with the provisions of 230.94 shall be permitted(A) Lighting and Appliance Branch-Circuit Panelboard
on the line side of the service switch.Individually Protected. Each lighting and appliance

branch-circuit panelboard shall be individually protected on
408.40 Grounding of Panelboards. Panelboard cabinetsthe supply side by not more than two main circuit breakers
and panelboard frames, if of metal, shall be in physicalor two sets of fuses having a combined rating not greater
contact with each other and shall be grounded. Where thethan that of the panelboard.
panelboard is used with nonmetallic raceway or cable or
where separate grounding conductors are provided, a termi-Exception No. 1: Individual protection for a lighting and

appliance panelboard shall not be required if the panelboard nal bar for the grounding conductors shall be secured inside
the cabinet. The terminal bar shall be bonded to the cabinetfeeder has overcurrent protection not greater than the rating

of the panelboard. and panelboard frame, if of metal; otherwise it shall be
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connected to the grounding conductor that is run with the II. Luminaire (Fixture) Locations
conductors feeding the panelboard.

410.4 Luminaires (Fixtures) in Specific Locations.
Exception: Where an isolated equipment grounding conduc-

(A) Wet and Damp Locations. Luminaires (fixtures) in-
tor is provided as permitted by 250.146(D) in the NEC, the

stalled in wet or damp locations shall be installed so that
insulated equipment grounding conductor that is run with

water cannot enter or accumulate in wiring compartments,
the circuit conductors shall be permitted to pass through

lampholders, or other electrical parts. All luminaires (fix-
the panelboard without being connected to the panelboard’s

tures) installed in wet locations shall be marked, ‘‘Suitable
equipment grounding terminal bar.

for Wet Locations.’’ All luminaires (fixtures) installed in
damp locations shall be marked, ‘‘Suitable for Wet Loca-Grounding conductors shall not be connected to a termi-
tions’’ or ‘‘Suitable for Damp Locations.’’nal bar provided for grounded conductors (may be a neutral)

unless the bar is identified for the purpose and is located
(B) Corrosive Locations. Luminaires (fixtures) installed

where interconnection between equipment grounding con-
in corrosive locations shall be of a type suitable for such

ductors and grounded circuit conductors is permitted or re-
locations.

quired by Article 250.

(D) Bathtub and Shower Areas. No parts of cord-con-
408.41 Grounded Conductor Terminations. Each nected luminaires (fixtures), chain-, cable-, or cord-sus-
grounded conductor shall terminate within the panelboard pended-luminaires (fixtures), lighting track, pendants, or
in an individual terminal that is not also used for another ceiling-suspended (paddle) fans shall be located within a
conductor. zone measured 900 mm (3 ft) horizontally and 2.5 m (8 ft)

vertically from the top of the bathtub rim or shower stallException: Grounded conductors of circuits with parallel
threshold. This zone is all encompassing and includes theconductors shall be permitted to terminate in a single termi-
zone directly over the tub or shower stall. Luminaires (light-nal if the terminal is identified for connection of more than
ing fixtures) located in this zone shall be listed for dampone conductor.
locations, or listed for wet locations where subject to shower
spray.

ARTICLE 410 410.5 Luminaires (Fixtures) Near Combustible Material.
Luminaires (Lighting Fixtures), Luminaires (fixtures) shall be constructed, installed, or

equipped with shades or guards so that combustible materialLampholders, and Lamps
is not subjected to temperatures in excess of 90�C (194�F).

410.6 Luminaires (Fixtures) Over Combustible Material.I. General
Lampholders installed over highly combustible material

410.1 Scope. This article covers luminaires (lighting fix-
shall be of the unswitched type. Unless an individual switch

tures), lampholders, pendants, incandescent filament lamps,
is provided for each luminaire (fixture), lampholders shall

arc lamps, electric-discharge lamps, decorative lighting
be located at least 2.5 m (8 ft) above the floor or shall be

products, lighting accessories for temporary seasonal and
located or guarded so that the lamps cannot be readily re-

holiday use, portable flexible lighting products, and the wir-
moved or damaged.

ing and equipment forming part of such products and lighting
installations.

410.8 Luminaires (Fixtures) in Clothes Closets.

410.2 Application of Other Articles. Lighting systems (A) Definition.
operating at 30 volts or less shall conform to Article 411.

Storage Space. The volume bounded by the sides and back
closet walls and planes extending from the closet floor verti-410.3 Live Parts. Luminaires (fixtures), lampholders, and
cally to a height of 1.8 m (6 ft) or to the highest clothes-lamps shall have no live parts normally exposed to contact.
hanging rod and parallel to the walls at a horizontal distanceExposed accessible terminals in lampholders and switches
of 600 mm (24 in.) from the sides and back of the closetshall not be installed in metal luminaire (fixture) canopies
walls, respectively, and continuing vertically to the closetor in open bases of portable table or floor lamps.
ceiling parallel to the walls at a horizontal distance of 300
mm (12 in.) or the width of the shelf, whichever is greater;Exception: Cleat-type lampholders located at least 2.5 m

(8 ft) above the floor shall be permitted to have exposed for a closet that permits access to both sides of a hanging
rod, this space includes the volume below the highest rodterminals.
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extending 300 mm (12 in.) on either side of the rod on a provided there is a minimum clearance of 150 mm (6
in.) between the luminaire (fixture) and the nearest pointplane horizontal to the floor extending the entire length of

the rod. of a storage space
(4) Recessed fluorescent luminaires (fixtures) installed in

FPN: See Figure 410.8. the wall or the ceiling, provided there is a minimum
clearance of 150 mm (6 in.) between the luminaire
(fixture) and the nearest point of a storage space

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.

III. Provisions at Luminaire (Fixture) Outlet Boxes,
Canopies, and Pans

410.10 Space for Conductors. Canopies and outlet boxes
taken together shall provide adequate space so that luminaire
(fixture) conductors and their connecting devices can be
properly installed.

410.11 Temperature Limit of Conductors in Outlet
Boxes. Luminaires (fixtures) shall be of such construction
or installed so that the conductors in outlet boxes shall not

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

be subjected to temperatures greater than that for which the
conductors are rated.

Figure 410.8 Closet Storage Space.
Branch-circuit wiring, other than 2-wire or multiwire

branch circuits supplying power to luminaires (fixtures) con-(B) Luminaire (Fixture) Types Permitted. Listed lumi-
nected together, shall not be passed through an outlet boxnaires (fixtures) of the following types shall be permitted
that is an integral part of a luminaire (fixture) unless theto be installed in a closet:
luminaire (fixture) is identified for through-wiring.

(1) A surface-mounted or recessed incandescent luminaire
FPN: See 410.32 for wiring supplying power to fixtures

(fixture) with a completely enclosed lamp connected together.
(2) A surface-mounted or recessed fluorescent luminaire

(fixture) 410.12 Outlet Boxes to Be Covered. In a completed instal-
lation, each outlet box shall be provided with a cover unless

(C) Luminaire (Fixture) Types Not Permitted. Incandes-
covered by means of a luminaire (fixture) canopy, lamp-

cent luminaires (fixtures) with open or partially enclosed
holder, receptacle, or similar device.

lamps and pendant luminaires (fixtures) or lampholders shall
not be permitted. 410.13 Covering of Combustible Material at Outlet Box-

es. Any combustible wall or ceiling finish exposed between(D) Location. Luminaires (fixtures) in clothes closets shall
the edge of a luminaire (fixture) canopy or pan and an outletbe permitted to be installed as follows:
box shall be covered with noncombustible material.

(1) Surface-mounted incandescent luminaires (fixtures) in-
410.14 Connection of Electric-Discharge Luminairesstalled on the wall above the door or on the ceiling,
(Lighting Fixtures).provided there is a minimum clearance of 300 mm (12

in.) between the luminaire (fixture) and the nearest point (A) Independent of the Outlet Box. Electric-discharge lu-
of a storage space minaires (lighting fixtures) supported independently of the

(2) Surface-mounted fluorescent luminaires (fixtures) in- outlet box shall be connected to the branch circuit through
stalled on the wall above the door or on the ceiling, metal raceway, nonmetallic raceway, Type MC cable, Type
provided there is a minimum clearance of 150 mm (6 AC cable, Type MI cable, nonmetallic sheathed cable, or
in.) between the luminaire (fixture) and the nearest point by flexible cord as permitted in 410.30(B) or 410.30(C).
of a storage space

(3) Recessed incandescent luminaires (fixtures) with a com- (B) Access to Boxes. Electric-discharge luminaires (fix-
tures) surface mounted over concealed outlet, pull, orpletely enclosed lamp installed in the wall or the ceiling,
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junction boxes and designed not to be supported solely by (5) Metal raceways or other equipment grounding conduc-
tors shall be bonded to the metal pole with an equipmentthe outlet box shall be provided with suitable openings in

the back of the luminaire (fixture) to provide access to the grounding conductor recognized by 250.118 and sized
in accordance with 250.122.wiring in the box.

(6) Conductors in vertical poles used as raceway shall be
supported as provided in 300.19 in the NEC.

IV. Luminaire (Fixture) Supports

410.16 Means of Support.410.15 Supports.

(A) Outlet Boxes. Outlet boxes or fittings installed as re-(A) General. Luminaires (fixtures) and lampholders shall
quired by 314.23 and complying with the provisions ofbe securely supported. A luminaire (fixture) that weighs
314.27(A) and 314.27(B) shall be permitted to support lumi-more than 3 kg (6 lb) or exceeds 400 mm (16 in.) in any
naires (fixtures).dimension shall not be supported by the screw shell of a

lampholder.
(B) Inspection. Luminaires (fixtures) shall be installed
such that the connections between the luminaire (fixture)(B) Metal or Nonmetallic Poles Supporting Luminaires
conductors and the circuit conductors can be inspected with-(Lighting Fixtures). Metal or nonmetallic poles shall be
out requiring the disconnection of any part of the wiringpermitted to be used to support luminaires (lighting fixtures)
unless the luminaires (fixtures) are connected by attachmentand as a raceway to enclose supply conductors, provided
plugs and receptacles.the following conditions are met:

(C) Suspended Ceilings. Framing members of suspended
(1) A pole shall have a handhole not less than 50 mm � ceiling systems used to support luminaires (fixtures) shall

100 mm (2 in. � 4 in.) with a raintight cover to provide be securely fastened to each other and shall be securely
access to the supply terminations within the pole or pole attached to the building structure at appropriate intervals.
base. Luminaires (fixtures) shall be securely fastened to the ceiling

framing member by mechanical means such as bolts, screws,
Exception No. 1: No handhole shall be required in a pole or rivets. Listed clips identified for use with the type of
2.5 m (8 ft) or less in height above grade where the supply ceiling framing member(s) and luminaire(s) [fixture(s)] shall
wiring method continues without splice or pull point, and also be permitted.
where the interior of the pole and any splices are accessible
by removing the luminaire (fixture). (D) Luminaire (Fixture) Studs. Luminaire (fixture) studs

that are not a part of outlet boxes, hickeys, tripods, and
Exception No. 2: No handhole shall be required in a pole

crowfeet shall be made of steel, malleable iron, or other
6.0 m (20 ft) or less in height above grade that is provided

material suitable for the application.
with a hinged base.

(E) Insulating Joints. Insulating joints that are not de-
(2) Where raceway risers or cable is not installed within signed to be mounted with screws or bolts shall have an

the pole, a threaded fitting or nipple shall be brazed, exterior metal casing, insulated from both screw connec-
welded, or attached to the pole opposite the handhole tions.
for the supply connection.

(F) Raceway Fittings. Raceway fittings used to support a(3) A metal pole shall be provided with a grounding terminal
luminaire(s) [lighting fixture(s)] shall be capable of support-as follows:
ing the weight of the complete fixture assembly and lamp(s).

a. A pole with a handhole shall have the grounding
(H) Trees. Outdoor luminaires (lighting fixtures) and asso-terminal accessible from the handhole.
ciated equipment shall be permitted to be supported by trees.b. A pole with a hinged base shall have the grounding

terminal accessible within the base. FPN No. 1: See 225.26 for restrictions for support of over-
head conductors.Exception to (3): No grounding terminal shall be required

in a pole 2.5 m (8 ft) or less in height above grade where FPN No. 2: See 300.5(D) for protection of conductors.
the supply wiring method continues without splice or pull,
and where the interior of the pole and any splices are accessi-

V. Groundingble by removing the luminaire (fixture).
410.17 General. Luminaires (fixtures) and lighting equip-

(4) A metal pole with a hinged base shall have the hinged ment shall be grounded as required in Article 250 and Part
V of this article.base and pole bonded together.
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(B) Protection Through Metal. Conductor insulation shall410.18 Exposed Luminaire (Fixture) Parts.
be protected from abrasion where it passes through metal.

(A) Exposed Conductive Parts. Exposed metal parts shall
be grounded or insulated from ground and other conducting (C) Luminaire (Fixture) Stems. Splices and taps shall not
surfaces or be inaccessible to unqualified personnel. Lamp be located within luminaire (fixture) arms or stems.
tie wires, mounting screws, clips, and decorative bands on

(D) Splices and Taps. No unnecessary splices or taps shallglass spaced at least 38 mm (11⁄2 in.) from lamp terminals
be made within or on a luminaire (fixture).shall not be required to be grounded.

FPN: For approved means of making connections, see(B) Made of Insulating Material. Luminaires (fixtures)
110.14.

directly wired or attached to outlets supplied by a wiring
method that does not provide a ready means for grounding (E) Stranding. Stranded conductors shall be used for wir-
shall be made of insulating material and shall have no ex- ing on luminaire (fixture) chains and on other movable or
posed conductive parts. flexible parts.

Exception No. 1: Replacement luminaires (fixtures) shall be (F) Tension. Conductors shall be arranged so that the
permitted to connect an equipment grounding conductor weight of the luminaire (fixture) or movable parts does not
from the outlet in compliance with 250.130(C). The luminaire put tension on the conductors.
(fixture) shall then be grounded in accordance with
410.18(A). 410.30 Cord-Connected Lampholders and Luminaires

(Fixtures).Exception No. 2: Where no equipment grounding conductor
exists at the outlet, replacement luminaires (fixtures) that (B) Adjustable Luminaires (Fixtures). Luminaires (fix-
are GFCI protected shall not be required to be connected tures) that require adjusting or aiming after installation shall
to an equipment grounding conductor. not be required to be equipped with an attachment plug or

cord connector, provided the exposed cord is of the hard-
410.20 Equipment Grounding Conductor Attachment. usage or extra-hard-usage type and is not longer than that
Luminaires (fixtures) with exposed metal parts shall be pro- required for maximum adjustment. The cord shall not be
vided with a means for connecting an equipment grounding subject to strain or physical damage.
conductor for such luminaires (fixtures).

(C) Electric-Discharge Luminaires (Fixtures).

410.21 Methods of Grounding. Luminaires (fixtures) and (1) Cord Connected Installation. A listed luminaire (fix-
equipment shall be considered grounded where mechanically ture) or a listed assembly shall be permitted to be cord
connected to an equipment grounding conductor as specified connected if the following conditions apply:
in 250.118 and sized in accordance with 250.122.

(1) The luminaire (fixture) is located directly below the
outlet or busway.VI. Wiring of Luminaires (Fixtures)

(2) The flexible cord meets all the following:410.22 Luminaire (Fixture) Wiring — General. Wiring
a. Is visible for its entire length outside the luminaireon or within fixtures shall be neatly arranged and shall

(fixture)not be exposed to physical damage. Excess wiring shall be
b. Is not subject to strain or physical damageavoided. Conductors shall be arranged so that they are not
c. Is terminated in a grounding-type attachment plugsubjected to temperatures above those for which they are

cap or busway plug, or is a part of a listed assemblyrated.
incorporating a manufactured wiring system connec-
tor in accordance with 604.6(C) in the NEC, or has410.23 Polarization of Luminaires (Fixtures). Lumi-
a luminaire (fixture) assembly with a strain relief andnaires (fixtures) shall be wired so that the screw shells of
canopylampholders are connected to the same luminaire (fixture)

or circuit conductor or terminal. The grounded conductor,
410.31 Luminaires (Fixtures) as Raceways. Luminaireswhere connected to a screw-shell lampholder, shall be con-
(fixtures) shall not be used as a raceway for circuit conduc-nected to the screw shell.
tors unless listed and marked for use as a raceway.

410.28 Protection of Conductors and Insulation.
410.32 Wiring Supplying Luminaires (Fixtures) Con-
nected Together. Luminaires (fixtures) designed for end-to-(A) Properly Secured. Conductors shall be secured in a

manner that does not tend to cut or abrade the insulation. end connection to form a continuous assembly, or luminaires
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Exception No. 1: Thermal protection shall not be required(fixtures) connected together by recognized wiring methods,
shall be permitted to contain the conductors of a 2-wire in a recessed luminaire (fixture) identified for use and in-

stalled in poured concrete.branch circuit, or one multiwire branch circuit, supplying
the connected luminaires (fixtures) and need not be listed Exception No. 2: Thermal protection shall not be required
as a raceway. One additional 2-wire branch circuit separately in a recessed luminaire (fixture) whose design, construction,
supplying one or more of the connected luminaires (fixtures) and thermal performance characteristics are equivalent to
shall also be permitted. a thermally protected luminaire (fixture) and are identified

as inherently protected.FPN: See Article 100 for the definition of Multiwire Branch
Circuit.

410.66 Clearance and Installation.
410.33 Branch Circuit Conductors and Ballasts. (A) Clearance.
Branch-circuit conductors within 75 mm (3 in.) of a ballast

(1) Non-Type IC. A recessed luminaire (fixture) that is notshall have an insulation temperature rating not lower than
identified for contact with insulation shall have all recessed90�C (194�F) unless supplying a luminaire (fixture) listed
parts spaced not less than 13 mm (1⁄2 in.) from combustibleand marked as suitable for a different insulation temperature.
materials. The points of support and the trim finishing off
the opening in the ceiling or wall surface shall be permitted

VIII. Installation of Lampholders to be in contact with combustible materials.
410.47 Screw-Shell Type. Lampholders of the screw-shell (2) Type IC. A recessed luminaire (fixture) that is identi-
type shall be installed for use as lampholders only. Where fied for contact with insulation, Type IC, shall be permitted
supplied by a circuit having a grounded conductor, the to be in contact with combustible materials at recessed parts,
grounded conductor shall be connected to the screw shell. points of support, and portions passing through or finishing

off the opening in the building structure.
410.48 Double-Pole Switched Lampholders. Where sup-
plied by the ungrounded conductors of a circuit, the switch- (B) Installation. Thermal insulation shall not be installed
ing device of lampholders of the switched type shall above a recessed luminaire (fixture) or with 75 mm (3 in.)
simultaneously disconnect both conductors of the circuit. of the recessed luminaire’s (fixture’s) enclosure, wiring com-

partment, or ballast unless it is identified for contact with
410.49 Lampholders in Wet or Damp Locations. Lamp- insulation, Type IC.
holders installed in wet or damp locations shall be of the

410.67 Wiring.weatherproof type.

(A) General. Conductors that have insulation suitable for
the temperature encountered shall be used.XI. Special Provisions for Flush and Recessed

Luminaires (Fixtures) (B) Circuit Conductors. Branch-circuit conductors that
have an insulation suitable for the temperature encountered410.64 General. Luminaires (fixtures) installed in recessed
shall be permitted to terminate in the luminaire (fixture).cavities in walls or ceilings shall comply with 410.65 through

410.67.
(C) Tap Conductors. Tap conductors of a type suitable for
the temperature encountered shall be permitted to run from410.65 Temperature.
the luminaire (fixture) terminal connection to an outlet box

(A) Combustible Material. Luminaires (fixtures) shall be placed at least 300 mm (1 ft) from the luminaire (fixture).
installed so that adjacent combustible material will not be Such tap conductors shall be in suitable raceway or Type
subjected to temperatures in excess of 90�C (194�F). AC or MC cable of at least 450 mm (18 in.) but not more

than 1.8 m (6 ft) in length.
(B) Fire-Resistant Construction. Where a luminaire (fix-
ture) is recessed in fire-resistant material in a building of

XIII. Special Provisions for Electric-Discharge Lightingfire-resistant construction, a temperature higher than 90�C
Systems of 1000 Volts or Less(194�F) but not higher than 150�C (302�F) shall be consid-

ered acceptable if the luminaire (fixture) is plainly marked 410.73 General.
that it is listed for that service.

(A) Open-Circuit Voltage of 1000 Volts or Less. Equip-
ment for use with electric-discharge lighting systems and(C) Recessed Incandescent Luminaires (Fixtures). In-

candescent luminaires (fixtures) shall have thermal protec- designed for an open-circuit voltage of 1000 volts or less
shall be of a type intended for such service.tion and shall be identified as thermally protected.

NFPA 70A NATIONAL ELECTRICAL CODE� REQUIREMENTS FOR ONE- AND TWO-FAMILY DWELLINGS 2005 Edition



70A–112 ARTICLE 410 — LUMINAIRES (LIGHTING FIXTURES), LAMPHOLDERS, AND LAMPS

(B) Combustible Low-Density Cellulose Fiberboard.(E) Thermal Protection — Fluorescent Luminaires
(Fixtures). Where a surface-mounted luminaire (fixture) containing a

ballast is to be installed on combustible low-density cellulose
(1) Integral Thermal Protection. The ballast of a fluores-

fiberboard, it shall be listed for this condition or shall be
cent luminaire (fixture) installed indoors shall have integral

spaced not less than 38 mm (11⁄2 in.) from the surface of the
thermal protection. Replacement ballasts shall also have

fiberboard. Where such luminaires (fixtures) are partially or
thermal protection integral with the ballast.

wholly recessed, the provisions of 410.64 through 410.67
shall apply.(2) Simple Reactance Ballasts. A simple reactance ballast

in a fluorescent luminaire (fixture) with straight tubular FPN: Combustible low-density cellulose fiberboard in-
lamps shall not be required to be thermally protected. cludes sheets, panels, and tiles that have a density of 320

kg/m3 (20 lb/ft3) or less and that are formed of bonded plant
(F) High-Intensity Discharge Luminaires (Fixtures). fiber material but does not include solid or laminated wood

or fiberboard that has a density in excess of 320 kg/m3 (20
(1) Recessed. Recessed high-intensity luminaires (fixtures) lb/ft3) or is a material that has been integrally treated with
designed to be installed in wall or ceiling cavities shall have fire-retarding chemicals to the degree that the flame spread

in any plane of the material will not exceed 25, determinedthermal protection and be identified as thermally protected.
in accordance with tests for surface burning characteristics of
building materials. See ANSI/ASTM E84-1997, Test Method(2) Inherently Protected. Thermal protection shall not be
for Surface Burning Characteristics of Building Materials.required in a recessed high-intensity luminaire (fixture)

whose design, construction, and thermal performance char-
acteristics are equivalent to a thermally protected luminaire XIV. Special Provisions for Electric-Discharge Lighting
(fixture) and are identified as inherently protected. Systems of More Than 1000 Volts

(3) Installed in Poured Concrete. Thermal protection 410.80 General.
shall not be required in a recessed high-intensity discharge

(B) Dwelling Occupancies. Equipment that has an open-luminaire (fixture) identified for use and installed in poured
circuit voltage exceeding 1000 volts shall not be installedconcrete.
in or on dwelling occupancies.

(4) Recessed Remote Ballasts. A recessed remote ballast
for a high-intensity discharge luminaire (fixture) shall have

XV. Lighting Trackthermal protection that is integral with the ballast and be
identified as thermally protected. 410.100 Definition.

Lighting Track. A manufactured assembly designed to sup-(5) Metal Halide Lamp Containment. Luminaires (fix-
port and energize luminaires (lighting fixtures) that are capa-tures) that use a metal halide lamp other than a thick-glass
ble of being readily repositioned on the track. Its length canparabolic reflector lamp (PAR) shall be provided with a
be altered by the addition or subtraction of sections of track.containment barrier that encloses the lamp, or shall be pro-

vided with a physical means that only allows the use of a
lamp that is Type O. 410.101 Installation.

FPN: See ANSI Standard C78.387, American National (A) Lighting Track. Lighting track shall be permanently
Standard for Electric Lamps — Metal Halide Lamps, Meth- installed and permanently connected to a branch circuit.
ods of Measuring Characteristics. Only lighting track fittings shall be installed on lighting

track. Lighting track fittings shall not be equipped with
410.75 Open-Circuit Voltage Exceeding 300 Volts. general-purpose receptacles.
Equipment having an open-circuit voltage exceeding 300
volts shall not be installed in dwelling occupancies unless (B) Connected Load. The connected load on lighting track
such equipment is designed so that there will be no exposed shall not exceed the rating of the track. Lighting track shall
live parts when lamps are being inserted, are in place, or be supplied by a branch circuit having a rating not more
are being removed. than that of the track.

(C) Locations Not Permitted. Lighting track shall not be410.76 Luminaire (Fixture) Mounting.
installed in the following locations:

(A) Exposed Ballasts. Luminaires (fixtures) that have ex-
posed ballasts or transformers shall be installed so that such (1) Where likely to be subjected to physical damage

(2) In wet or damp locationsballasts or transformers will not be in contact with combusti-
ble material. (3) Where subject to corrosive vapors
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(4) In storage battery rooms amperes maximum, supplying luminaires (lighting fixtures)
and associated equipment identified for the use.(5) In hazardous (classified) locations

(6) Where concealed
(7) Where extended through walls or partitions 411.3 Listing Required. Lighting systems operating at 30
(8) Less than 1.5 m (5 ft) above the finished floor except volts or less shall be listed.

where protected from physical damage or track op-
erating at less than 30 volts rms open-circuit voltage

411.4 Locations Not Permitted. Lighting systems op-(9) Where prohibited by 410.4(D)
erating at 30 volts or less shall not be installed in the locations
described in 411.4(A) and 411.4(B).(D) Support. Fittings identified for use on lighting track

shall be designed specifically for the track on which they
(A) Where concealed or extended through a building wallare to be installed. They shall be securely fastened to the
unless permitted in (1) or (2):track, shall maintain polarization and grounding, and shall

be designed to be suspended directly from the track.
(1) Installed using any of the wiring methods specified in

Chapter 3
410.104 Fastening. Lighting track shall be securely (2) Installed using wiring supplied by a listed Class 2 power
mounted so that each fastening is suitable for supporting source and installed in accordance with 725.52
the maximum weight of luminaires (fixtures) that can be
installed. Unless identified for supports at greater intervals, (B) Where installed within 3.0 m (10 ft) of pools, spas,
a single section 1.2 m (4 ft) or shorter in length shall have fountains, or similar locations, unless permitted by Article
two supports, and, where installed in a continuous row, each 680.
individual section of not more than 1.2 m (4 ft) in length
shall have one additional support.

411.5 Secondary Circuits.

(A) Grounding. Secondary circuits shall not be grounded.410.105 Construction Requirements.

(B) Grounding. Lighting track shall be grounded in (B) Isolation. The secondary circuit shall be insulated from
accordance with Article 250, and the track sections shall the branch circuit by an isolating transformer.
be securely coupled to maintain continuity of the circuitry,
polarization, and grounding throughout. (C) Bare Conductors. Exposed bare conductors and cur-

rent-carrying parts shall be permitted for indoor installations
only. Bare conductors shall not be installed less than 2.1 m

XVI. Decorative Lighting and Similar Accessories (7 ft) above the finished floor, unless specifically listed for
a lower installation height.410.110 Listing of Decorative Lighting. Decorative light-

ing and similar accessories used for holiday lighting and
similar purposes, in accordance with 590.3(B), shall be 411.6 Branch Circuit. Lighting systems operating at 30
listed. volts or less shall be supplied from a maximum 20-ampere

branch circuit.

ARTICLE 411
Lighting Systems Operating at 30 Volts ARTICLE 422

or Less Appliances

411.1 Scope. This article covers lighting systems operating I. General
at 30 volts or less and their associated components.

422.1 Scope. This article covers electric appliances used
in any occupancy.

411.2 Definition.

422.4 Live Parts. Appliances shall have no live parts nor-Lighting Systems Operating at 30 Volts or Less. A light-
ing system consisting of an isolating power supply operating mally exposed to contact other than those parts functioning

as open-resistance heating elements, such as the heatingat 30 volts (42.4 volts peak) or less under any load condition,
with one or more secondary circuits, each limited to 25 element of a toaster, which are necessarily exposed.
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II. Installation a standard overcurrent device ampere rating, the next
higher standard rating shall be permitted.

422.10 Branch-Circuit Rating. This section specifies the
ratings of branch circuits capable of carrying appliance cur- (F) Electric Heating Appliances Employing Resistance-
rent without overheating under the conditions specified. Type Heating Elements Rated More Than 48 Amperes.

(1) Electric Heating Appliances. Electric heating appli-(A) Individual Circuits. The rating of an individual branch
ances employing resistance-type heating elements ratedcircuit shall not be less than the marked rating of the appli-
more than 48 amperes, other than household appliances withance or the marked rating of an appliance having combined
surface heating elements covered by 422.11(B), and com-loads as provided in 422.62.
mercial-type heating appliances covered by 422.11(D) inThe rating of an individual branch circuit for motor-
the NEC, shall have the heating elements subdivided. Eachoperated appliances not having a marked rating shall be in
subdivided load shall not exceed 48 amperes and shall beaccordance with Part II of Article 430 in the NEC.
protected at not more than 60 amperes.The branch-circuit rating for an appliance that is contin-

These supplementary overcurrent protective devicesuously loaded, other than a motor-operated appliance, shall
shall be (1) factory-installed within or on the heater enclosurenot be less than 125 percent of the marked rating, or not
or provided as a separate assembly by the heater manufac-less than 100 percent of the marked rating if the branch-
turer; (2) accessible; and (3) suitable for branch-circuit pro-circuit device and its assembly are listed for continuous
tection.loading at 100 percent of its rating.

The main conductors supplying these overcurrent pro-Branch circuits for household cooking appliances shall
tective devices shall be considered branch-circuit conduc-be permitted to be in accordance with Table 220.55.
tors.

(B) Circuits Supplying Two or More Loads. For branch
(G) Motor-Operated Appliances. Motors of motor-oper-circuits supplying appliance and other loads, the rating shall
ated appliances shall be provided with overload protection inbe determined in accordance with 210.23.
accordance with Part III of Article 430 in the NEC. Hermetic
refrigerant motor-compressors in air-conditioning or refrig-422.11 Overcurrent Protection. Appliances shall be pro-
erating equipment shall be provided with overload protectiontected against overcurrent in accordance with 422.11(A),
in accordance with Part VI of Article 440. Where appliance422.11 (B), 422.11(E), 422.11(F), 422.11(G), and 422.10.
overcurrent protective devices that are separate from the
appliance are required, data for selection of these devices(A) Branch-Circuit Overcurrent Protection. Branch cir-
shall be marked on the appliance. The minimum markingcuits shall be protected in accordance with 240.4.
shall be that specified in 430.7 and 440.4 in the NEC.If a protective device rating is marked on an appliance,

the branch-circuit overcurrent device rating shall not exceed
422.12 Central Heating Equipment. Central heatingthe protective device rating marked on the appliance.
equipment other than fixed electric space-heating equipment
shall be supplied by an individual branch circuit.(B) Household-Type Appliances with Surface Heating

Elements. Household-type appliances with surface heating Exception No. 1: Auxiliary equipment, such as a pump,
elements having a maximum demand of more than 60 am- valve, humidifier, or electrostatic air cleaner directly associ-
peres calculated in accordance with Table 220.55 shall have ated with the heating equipment, shall be permitted to be
its power supply subdivided into two or more circuits, each connected to the same branch circuit.
of which shall be provided with overcurrent protection rated

Exception No. 2: Permanently connected air-conditioningat not over 50 amperes.
equipment shall be permitted to be connected to the same

(E) Single Non–motor-Operated Appliance. If the branch circuit.
branch circuit supplies a single non–motor-operated appli-

422.13 Storage-Type Water Heaters. A fixed storage-ance, the rating of overcurrent protection shall:
type water heater that has a capacity of 450 L (120 gal) or

(1) Not exceed that marked on the appliance; less shall be considered a continuous load.
(2) Not exceed 20 amperes if the overcurrent protection

FPN: For branch-circuit rating, see 422.10.rating is not marked and the appliance is rated 13.3
amperes or less; or

422.15 Central Vacuum Outlet Assemblies.(3) Not exceed 150 percent of the appliance rated current
if the overcurrent protection rating is not marked and (A) Listed central vacuum outlet assemblies shall be per-

mitted to be connected to a branch circuit in accordancethe appliance is rated over 13.3 amperes. Where 150
percent of the appliance rating does not correspond to with 210.23(A).
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(B) The ampacity of the connecting conductors shall not (3) Receptacles shall be located to avoid physical damage
to the flexible cord.be less than the ampacity of the branch circuit conductors

to which they are connected. (4) The receptacle shall be located in the space occupied
by the appliance or adjacent thereto.

(C) An equipment grounding conductor shall be used (5) The receptacle shall be accessible.
where the central vacuum outlet assembly has accessible
non–current-carrying metal parts. (3) Wall-Mounted Ovens and Counter-Mounted Cook-

ing Units. Wall-mounted ovens and counter-mounted cook-
422.16 Flexible Cords. ing units complete with provisions for mounting and for
(A) General. Flexible cord shall be permitted (1) for the making electrical connections shall be permitted to be per-
connection of appliances to facilitate their frequent inter- manently connected or, only for ease in servicing or for
change or to prevent the transmission of noise or vibration installation, cord-and-plug connected.
or (2) to facilitate the removal or disconnection of appliances A separable connector or a plug and receptacle combina-
that are fastened in place, where the fastening means and tion in the supply line to an oven or cooking unit shall be
mechanical connections are specifically designed to permit approved for the temperature of the space in which it is
ready removal for maintenance or repair and the appliance located.
is intended or identified for flexible cord connection.

(4) Range Hoods. Range hoods shall be permitted to be
(B) Specific Appliances. cord-and-plug connected with a flexible cord identified as

suitable for use on range hoods in the installation instructions(1) Electrically Operated Kitchen Waste Disposers.
of the appliance manufacturer, where all of the followingElectrically operated kitchen waste disposers shall be permit-
conditions are met:ted to be cord-and-plug connected with a flexible cord identi-

fied as suitable for the purpose in the installation instructions
(1) The flexible cord is terminated with a grounding-typeof the appliance manufacturer, where all of the following

attachment plug.conditions are met.

Exception: A listed range hood distinctly marked to identify(1) The flexible cord shall be terminated with a grounding-
it as protected by a system of double insulation, or its equiva-type attachment plug.
lent, shall not be required to be terminated with a grounding-

Exception: A listed kitchen waste disposer distinctly marked type attachment plug.
to identify it as protected by a system of double insulation,
or its equivalent, shall not be required to be terminated with (2) The length of the cord is not less than 450 mm (18 in.)
a grounding-type attachment plug. and not over 900 mm (36 in.).

(3) Receptacles are located to avoid physical damage to the
(2) The length of the cord shall not be less than 450 mm

flexible cord.
(18 in.) and not over 900 mm (36 in.).

(4) The receptacle is accessible.
(3) Receptacles shall be located to avoid physical damage

(5) The receptacle is supplied by an individual branch cir-
to the flexible cord.

cuit.
(4) The receptacle shall be accessible.

(2) Built-in Dishwashers and Trash Compactors. Built- 422.17 Protection of Combustible Material. Each electri-
in dishwashers and trash compactors shall be permitted to cally heated appliance that is intended by size, weight, and
be cord-and-plug connected with a flexible cord identified service to be located in a fixed position shall be placed so
as suitable for the purpose in the installation instructions as to provide ample protection between the appliance and
of the appliance manufacturer where all of the following adjacent combustible material.
conditions are met.

422.18 Support of Ceiling-Suspended (Paddle) Fans.(1) The flexible cord shall be terminated with a grounding-
Ceiling-suspended (paddle) fans shall be supported indepen-type attachment plug.
dently of an outlet box or by listed outlet box or outlet box

Exception: A listed dishwasher or trash compactor dis- systems identified for the use and installed in accordance
tinctly marked to identify it as protected by a system of with 314.27(D).
double insulation, or its equivalent, shall not be required to
be terminated with a grounding-type attachment plug.

422.20 Other Installation Methods. Appliances em-
ploying methods of installation other than covered by this(2) The length of the cord shall be 0.9 m to 1.2 m (3 ft to

4 ft) measured from the face of the attachment plug to article shall be permitted to be used only by special permis-
sion.the plane of the rear of the appliance.
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III. Disconnecting Means ment plug and receptacle connection at the rear base of a
range, if it is accessible from the front by removal of a

422.30 General. A means shall be provided to disconnect
drawer, shall be considered as meeting the intent of

each appliance from all ungrounded conductors in accord-
422.33(A).

ance with the following sections of Part III. If an appliance
is supplied by more than one source, the disconnecting means (C) Rating. The rating of a receptacle or of a separable
shall be grouped and identified. connector shall not be less than the rating of any appliance

connected thereto.
422.31 Disconnection of Permanently Connected Appli-

Exception: Demand factors authorized elsewhere in thisances.
Code shall be permitted to be applied to the rating of a

(A) Rated at Not Over 300 Volt-Amperes or 1⁄8 Horse- receptacle or of a separable connector.
power. For permanently connected appliances rated at not
over 300 volt-amperes or 1⁄8 hp, the branch-circuit overcur- 422.34 Unit Switch(es) as Disconnecting Means. A unit
rent device shall be permitted to serve as the disconnecting switch(es) with a marked-off position that is a part of an
means. appliance and disconnects all ungrounded conductors shall

be permitted as the disconnecting means required by this(B) Appliances Rated Over 300 Volt-Amperes or 1⁄8
article where other means for disconnection are provided inHorsepower. For permanently connected appliances rated
occupancies specified in 422.34(B) through 422.34(D).over 300 volt-amperes or 1⁄8 hp, the branch-circuit switch or

circuit breaker shall be permitted to serve as the discon-
(B) Two-Family Dwellings. In two-family dwellings, the

necting means where the switch or circuit breaker is within
other disconnecting means shall be permitted either inside

sight from the appliance or is capable of being locked in
or outside of the dwelling unit in which the appliance is

the open position. The provision for locking or adding a
installed. In this case, an individual switch or circuit breaker

lock to the disconnecting means shall be installed on or at
for the dwelling unit shall be permitted and shall also be

the switch or circuit breaker used as the disconnecting means
permitted to control lamps and other appliances.

and shall remain in place with or without the lock installed.

(C) One-Family Dwellings. In one-family dwellings, theFPN: For appliances employing unit switches, see 422.34.
service disconnecting means shall be permitted to be the
other disconnecting means.422.32 Disconnecting Means for Motor-Driven Appli-

ance. If a switch or circuit breaker serves as the discon-
(D) Other Occupancies. In other occupancies, the branch-

necting means for a permanently connected motor-driven
circuit switch or circuit breaker, where readily accessible

appliance of more than 1⁄8 hp, it shall be located within sight
for servicing of the appliance, shall be permitted as the other

from the motor controller and shall comply with Part IX of
disconnecting means.

Article 430 of the NEC.

Exception: If a motor-driven appliance of more than 1⁄8 hp 422.35 Switch and Circuit Breaker to Be Indicating.
is provided with a unit switch that complies with 422.34(B), Switches and circuit breakers used as disconnecting means
(C), or (D), the switch or circuit breaker serving as the other shall be of the indicating type.
disconnecting means shall be permitted to be out of sight
from the motor controller.

V. Marking

422.33 Disconnection of Cord-and-Plug-Connected Ap- 422.60 Nameplate.
pliances.

(A) Nameplate Marking. Each electric appliance shall be
(A) Separable Connector or an Attachment Plug and provided with a nameplate giving the identifying name and
Receptacle. For cord-and-plug-connected appliances, an the rating in volts and amperes, or in volts and watts. If the
accessible separable connector or an accessible plug and appliance is to be used on a specific frequency or frequencies,
receptacle shall be permitted to serve as the disconnecting it shall be so marked.
means. Where the separable connector or plug and receptacle Where motor overload protection external to the appli-
are not accessible, cord-and-plug-connected appliances shall ance is required, the appliance shall be so marked.
be provided with disconnecting means in accordance with

FPN: See 422.11 for overcurrent protection requirements.422.31.

(B) To Be Visible. Marking shall be located so as to be(B) Connection at the Rear Base of a Range. For cord-
and-plug-connected household electric ranges, an attach- visible or easily accessible after installation.
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422.61 Marking of Heating Elements. All heating ele- ing equipment. This article shall not apply to process heating
and room air conditioning.ments that are rated over one ampere, replaceable in the

field, and a part of an appliance shall be legibly marked
with the ratings in volts and amperes, or in volts and watts, 424.2 Other Articles. Fixed electric space-heating equip-
or with the manufacturer’s part number. ment incorporating a hermetic refrigerant motor-compressor

shall also comply with Article 440.

422.62 Appliances Consisting of Motors and Other
424.3 Branch Circuits.Loads.

(A) Branch-Circuit Requirements. Individual branch cir-(A) Nameplate Horsepower Markings. Where a motor-
cuits shall be permitted to supply any size fixed electricoperated appliance nameplate includes a horsepower rating,
space-heating equipment.that rating shall not be less than the horsepower rating on the

Branch circuits supplying two or more outlets for fixedmotor nameplate. Where an appliance consists of multiple
electric space-heating equipment shall be rated 15, 20, 25,motors, or one or more motors and other loads, the nameplate
or 30 amperes. In nondwelling occupancies, fixed infraredvalue shall not be less than the equivalent horsepower of
heating equipment shall be permitted to be supplied fromthe combined loads, calculated in accordance with
branch circuits rated not over 50 amperes.430.110(C)(1) in the NEC.

(B) Branch-Circuit Sizing. Fixed electric space heating(B) Additional Nameplate Markings. Appliances, other
equipment shall be considered continuous load.than those factory-equipped with cords and attachment plugs

and with nameplates in compliance with 422.60, shall be
424.6 Listed Equipment. Electric baseboard heaters, heat-marked in accordance with 422.62(B)(1) or (B)(2).
ing cables, duct heaters, and radiant heating systems shall
be listed and labeled.(1) Marking. In addition to the marking required in 422.60,

the marking on an appliance consisting of a motor with other
load(s) or motors with or without other load(s) shall specify

II. Installation
the minimum supply circuit conductor ampacity and the
maximum rating of the circuit overcurrent protective device. 424.9 General. All fixed electric space-heating equipment
This requirement shall not apply to an appliance with a shall be installed in an approved manner.
nameplate in compliance with 422.60 where both the mini- Permanently installed electric baseboard heaters
mum supply circuit conductor ampacity and maximum rating equipped with factory-installed receptacle outlets, or outlets
of the circuit overcurrent protective device are not more provided as a separate listed assembly, shall be permitted
than 15 amperes. in lieu of a receptacle outlet(s) that is required by 210.50(B).

Such receptacle outlets shall not be connected to the heater
(2) Alternate Marking Method. An alternative marking circuits.
method shall be permitted to specify the rating of the largest

FPN: Listed baseboard heaters include instructions that maymotor in volts and amperes, and the additional load(s) in
not permit their installation below receptacle outlets.

volts and amperes, or volts and watts in addition to the
marking required in 422.60. The ampere rating of a motor

424.10 Special Permission. Fixed electric space-heating1⁄8 horsepower or less or a nonmotor load 1 ampere or less
equipment and systems installed by methods other than cov-shall be permitted to be omitted unless such loads constitute
ered by this article shall be permitted only by special permis-the principal load.
sion.

424.11 Supply Conductors. Fixed electric space-heating
equipment requiring supply conductors with over 60�C insu-ARTICLE 424
lation shall be clearly and permanently marked. This markingFixed Electric Space-Heating Equipment
shall be plainly visible after installation and shall be permit-
ted to be adjacent to the field connection box.

I. General
424.12 Locations.

424.1 Scope. This article covers fixed electric equipment
used for space heating. For the purpose of this article, heating (A) Exposed to Physical Damage. Where subject to physi-

cal damage, fixed electric space-heating equipment shall beequipment shall include heating cable, unit heaters, boilers,
central systems, or other approved fixed electric space-heat- protected in an approved manner.
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(B) Damp or Wet Locations. Heaters and related equip- of being locked in the open position, or unit switches
complying with 424.19(C) shall be permitted.ment installed in damp or wet locations shall be listed for

such locations and shall be constructed and installed so that (4) Where the motor is not in sight from the motor controller
location, 430.102(B) of the NEC shall apply.water or other liquids cannot enter or accumulate in or on

wired sections, electrical components, or ductwork.
(B) Heating Equipment Without Supplementary Over-

FPN No. 1: See 110.11 for equipment exposed to deteriorat- current Protection.
ing agents.

(1) Without Motor or with Motor Not Over 1⁄8 Horsepow-
FPN No. 2: See 680.27(C) for pool deck areas. er. For fixed electric space-heating equipment without a

motor rated over 1⁄8 hp, the branch-circuit switch or circuit
424.13 Spacing from Combustible Materials. Fixed elec- breaker shall be permitted to serve as the disconnecting
tric space-heating equipment shall be installed to provide means where the switch or circuit breaker is within sight
the required spacing between the equipment and adjacent from the heater or is capable of being locked in the open
combustible material, unless it is listed to be installed in position.
direct contact with combustible material.

(2) Over 1⁄8 Horsepower. For motor-driven electric space-
heating equipment with a motor rated over 1⁄8 hp, a discon-III. Control and Protection of Fixed Electric Space-
necting means shall be located within sight from the motorHeating Equipment
controller or shall be permitted to comply with the require-

424.19 Disconnecting Means. Means shall be provided to ments in 424.19(A)(2).
disconnect the heater, motor controller(s), and supplemen-

(C) Unit Switch(es) as Disconnecting Means. A unittary overcurrent protective device(s) of all fixed electric
switch(es) with a marked ‘‘off’’ position that is part of aspace-heating equipment from all ungrounded conductors.
fixed heater and disconnects all ungrounded conductors shallWhere heating equipment is supplied by more than one
be permitted as the disconnecting means required by thissource, the disconnecting means shall be grouped and
article where other means for disconnection are provided inmarked.
the types of occupancies in 424.19(C)(2) through (C)(4).

(A) Heating Equipment with Supplementary Overcur-
(2) Two-Family Dwellings. In two-family dwellings, therent Protection. The disconnecting means for fixed electric
other disconnecting means shall be permitted either insidespace-heating equipment with supplementary overcurrent
or outside of the dwelling unit in which the fixed heater isprotection shall be within sight from the supplementary over-
installed. In this case, an individual switch or circuit breakercurrent protective device(s), on the supply side of these
for the dwelling unit shall be permitted and shall also bedevices, if fuses, and, in addition, shall comply with either
permitted to control lamps and appliances.424.19(A)(1) or (A)(2).

(3) One-Family Dwellings. In one-family dwellings, the(1) Heater Containing No Motor Rated Over 1⁄8 Horse-
service disconnecting means shall be permitted to be thepower. The above disconnecting means or unit switches
other disconnecting means.complying with 424.19(C) shall be permitted to serve as the

required disconnecting means for both the motor control-
(4) Other Occupancies. In other occupancies, the branch-ler(s) and heater under either of the following conditions:
circuit switch or circuit breaker, where readily accessible
for servicing of the fixed heater, shall be permitted as the(1) The disconnecting means provided is also within sight

from the motor controller(s) and the heater. other disconnecting means.
(2) The disconnecting means provided is capable of being

locked in the open position. 424.20 Thermostatically Controlled Switching Devices.

(A) Serving as Both Controllers and Disconnecting(2) Heater Containing a Motor(s) Rated Over 1⁄8 Horse-
Means. Thermostatically controlled switching devices andpower. The above disconnecting means shall be permitted
combination thermostats and manually controlled switchesto serve as the required disconnecting means for both the
shall be permitted to serve as both controllers and discon-motor controller(s) and heater by one of the following means:
necting means, provided all of the following conditions are

(1) Where the disconnecting means is also in sight from met:
the motor controller(s) and the heater.

(2) Where the disconnecting means is not within sight from (1) Provided with a marked ‘‘off’’ position
(2) Directly open all ungrounded conductors when manu-the heater, a separate disconnecting means shall be in-

stalled, or the disconnecting means shall be capable ally placed in the ‘‘off’’ position
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(D) Branch-Circuit Conductors. The conductors supply-(3) Designed so that the circuit cannot be energized auto-
matically after the device has been manually placed in ing the supplementary overcurrent protective devices shall

be considered branch-circuit conductors.the ‘‘off’’ position
(4) Located as specified in 424.19 Where the heaters are rated 50 kW or more, the conduc-

tors supplying the supplementary overcurrent protective de-
(B) Thermostats That Do Not Directly Interrupt All Un- vices specified in 424.22(C) shall be permitted to be sized
grounded Conductors. Thermostats that do not directly at not less than 100 percent of the nameplate rating of the
interrupt all ungrounded conductors and thermostats that heater, provided all of the following conditions are met:
operate remote-control circuits shall not be required to meet

(1) The heater is marked with a minimum conductor size.the requirements of 424.20(A). These devices shall not be
(2) The conductors are not smaller than the marked mini-permitted as the disconnecting means.

mum size.
(3) A temperature-actuated device controls the cyclic opera-424.21 Switch and Circuit Breaker to Be Indicating.

tion of the equipment.Switches and circuit breakers used as disconnecting means
shall be of the indicating type. (E) Conductors for Subdivided Loads. Field-wired con-

ductors between the heater and the supplementary overcur-
424.22 Overcurrent Protection. rent protective devices shall be sized at not less than 125

percent of the load served. The supplementary overcurrent
(A) Branch-Circuit Devices. Electric space-heating protective devices specified in 424.22(C) shall protect these
equipment, other than such motor-operated equipment as conductors in accordance with 240.4.
required by Article 430 of the NEC and Article 440 to have Where the heaters are rated 50 kW or more, the ampacity
additional overcurrent protection, shall be permitted to be of field-wired conductors between the heater and the supple-
protected against overcurrent where supplied by one of the mentary overcurrent protective devices shall be permitted
branch circuits in Article 210. to be not less than 100 percent of the load of their respective

subdivided circuits, provided all of the following conditions(B) Resistance Elements. Resistance-type heating ele-
are met:ments in electric space-heating equipment shall be protected

at not more than 60 amperes. Equipment rated more than (1) The heater is marked with a minimum conductor size.
48 amperes and employing such elements shall have the (2) The conductors are not smaller than the marked mini-
heating elements subdivided, and each subdivided load shall mum size.
not exceed 48 amperes. Where a subdivided load is less than (3) A temperature-activated device controls the cyclic oper-
48 amperes, the rating of the supplementary overcurrent ation of the equipment.
protective device shall comply with 424.3(B). A boiler em-
ploying resistance-type immersion heating elements con-

IV. Marking of Heating Equipmenttained in an ASME rated and stamped vessel shall be
permitted to comply with 424.72(A) in the NEC. 424.28 Nameplate.

(A) Marking Required. Each unit of fixed electric space-(C) Overcurrent Protective Devices. The supplementary
heating equipment shall be provided with a nameplate givingovercurrent protective devices for the subdivided loads spec-
the identifying name and the normal rating in volts and wattsified in 424.22(B) shall be (1) factory-installed within or on
or in volts and amperes.the heater enclosure or supplied for use with the heater as a

Electric space-heating equipment intended for use onseparate assembly by the heater manufacturer; (2) accessible,
alternating current only or direct current only shall be markedbut shall not be required to be readily accessible; and (3)
to so indicate. The marking of equipment consisting of mo-suitable for branch-circuit protection.
tors over 1⁄8 hp and other loads shall specify the rating of

FPN: See 240.10 in the NEC. the motor in volts, amperes, and frequency, and the heating
load in volts and watts or in volts and amperes.

Where cartridge fuses are used to provide this overcur-
rent protection, a single disconnecting means shall be permit- (B) Location. This nameplate shall be located so as to be
ted to be used for the several subdivided loads. visible or easily accessible after installation.

FPN No. 1: For supplementary overcurrent protection, see 424.29 Marking of Heating Elements. All heating ele-
240.10 in the NEC.

ments that are replaceable in the field and are part of an
electric heater shall be legibly marked with the ratings inFPN No. 2: For disconnecting means for cartridge fuses in

circuits of any voltage, see 240.40 in the NEC. volts and watts or in volts and amperes.
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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-assembled nonheating

424.39 Clearance from Other Objects and Openings.leads at least 2.1 m (7 ft) in length.
Heating elements of cables shall be separated at least
200 mm (8 in.) from the edge of outlet boxes and junction

424.35 Marking of Heating Cables. Each unit shall be
boxes that are to be used for mounting surface luminaires

marked with the identifying name or identification symbol,
(lighting fixtures). A clearance of not less than 50 mm (2

catalog number, and ratings in volts and watts or in volts
in.) shall be provided from recessed luminaires (fixtures) and

and amperes.
their trims, ventilating openings, and other such openings in

Each unit length of heating cable shall have a permanent
room surfaces. Sufficient area shall be provided to ensure

legible marking on each nonheating lead located within 75
that no heating cable is covered by any surface-mounted

mm (3 in.) of the terminal end. The lead wire shall have the
units.

following color identification to indicate the circuit voltage
on which it is to be used:

424.40 Splices. Embedded cables shall be spliced only
where necessary and only by approved means, and in no(1) 120 volt, nominal — yellow
case shall the length of the heating cable be altered.(2) 208 volt, nominal — blue

(3) 240 volt, nominal — red
(4) 277 volt, nominal — brown 424.41 Installation of Heating Cables on Dry Board, in
(5) 480 volt, nominal — orange Plaster, and on Concrete Ceilings.

(A) In Walls. Cables shall not be installed in walls unless424.36 Clearances of Wiring in Ceilings. Wiring located
it is necessary for an isolated single run of cable to be

above heated ceilings shall be spaced not less than 50 mm
installed down a vertical surface to reach a dropped ceiling.

(2 in.) above the heated ceiling and shall be considered as
operating at an ambient temperature of 50�C (122�F). The (B) Adjacent Runs. Adjacent runs of cable not exceeding
ampacity of conductors shall be calculated on the basis of 9 watts/m (23⁄4 watts/ft) shall not be installed less than
the correction factors shown in the 0–2000 volt ampacity 38 mm (11⁄2 in.) on centers.
tables of Article 310. If this wiring is located above thermal
insulation having a minimum thickness of 50 mm (2 in.), (C) Surfaces to Be Applied. Heating cables shall be ap-
the wiring shall not require correction for temperature. plied only to gypsum board, plaster lath, or other fire-resis-

tant material. With metal lath or other electrically conductive
surfaces, a coat of plaster shall be applied to completely424.38 Area Restrictions.
separate the metal lath or conductive surface from the cable.

(A) Shall Not Extend Beyond the Room or Area. Heating
FPN: See also 424.41(F).cables shall not extend beyond the room or area in which

they originate.
(D) Splices. All heating cables, the splice between the heat-
ing cable and nonheating leads, and 75-mm (3-in.) minimum(B) Uses Prohibited. Heating cables shall not be installed

in the following: of the nonheating lead at the splice shall be embedded in
plaster or dry board in the same manner as the heating cable.

(1) In closets
(2) Over walls (E) Ceiling Surface. The entire ceiling surface shall have

a finish of thermally noninsulating sand plaster that has a(3) Over partitions that extend to the ceiling, unless they
are isolated single runs of embedded cable nominal thickness of 13 mm (1⁄2 in.), or other noninsulating

material identified as suitable for this use and applied ac-(4) Over cabinets whose clearance from the ceiling is less
than the minimum horizontal dimension of the cabinet cording to specified thickness and directions.
to the nearest cabinet edge that is open to the room or

(F) Secured. Cables shall be secured by means of approvedarea
stapling, tape, plaster, nonmetallic spreaders, or other ap-
proved means either at intervals not exceeding 400 mm (16(C) In Closet Ceilings as Low-Temperature Heat Sources

to Control Relative Humidity. The provisions of 424.38(B) in.) or at intervals not exceeding 1.8 m (6 ft) for cables
identified for such use. Staples or metal fasteners that strad-shall not prevent the use of cable in closet ceilings as low-

temperature heat sources to control relative humidity, pro- dle the cable shall not be used with metal lath or other
electrically conductive surfaces.vided they are used only in those portions of the ceiling that
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(B) Spacing Between Adjacent Runs. The spacing be-(G) Dry Board Installations. In dry board installations,
the entire ceiling below the heating cable shall be covered tween adjacent runs of cable shall not be less than 25 mm

(1 in.) on centers.with gypsum board not exceeding 13 mm (1⁄2 in.) thickness.
The void between the upper layer of gypsum board, plaster

(C) Secured in Place. Cables shall be secured in place bylath, or other fire-resistant material and the surface layer
nonmetallic frames or spreaders or other approved meansof gypsum board shall be completely filled with thermally
while the concrete or other finish is applied.conductive, nonshrinking plaster or other approved material

Cables shall not be installed where they bridge expan-or equivalent thermal conductivity.
sion joints unless protected from expansion and contraction.

(H) Free from Contact with Conductive Surfaces. Ca-
(D) Spacings Between Heating Cable and Metal Embed-bles shall be kept free from contact with metal or other
ded in the Floor. Spacings shall be maintained between theelectrically conductive surfaces.
heating cable and metal embedded in the floor, unless the(I) Joists. In dry board applications, cable shall be installed
cable is a grounded metal-clad cable.parallel to the joist, leaving a clear space centered under the

joist of 65 mm (21⁄2 in.) (width) between centers of adjacent (E) Leads Protected. Leads shall be protected where they
runs of cable. A surface layer of gypsum board shall be leave the floor by rigid metal conduit, intermediate metal
mounted so that the nails or other fasteners do not pierce conduit, rigid nonmetallic conduit, electrical metallic tubing,
the heating cable. or by other approved means.
(J) Crossing Joists. Cables shall cross joists only at the

(F) Bushings or Approved Fittings. Bushings or ap-ends of the room unless the cable is required to cross joists
proved fittings shall be used where the leads emerge withinelsewhere in order to satisfy the manufacturer’s instructions
the floor slab.that the installer avoid placing the cable too close to ceiling

penetrations and luminaires (lighting fixtures). (G) Ground-Fault Circuit-Interrupter Protection.
Ground-fault circuit-interrupter protection for personnel424.42 Finished Ceilings. Finished ceilings shall not be
shall be provided for cables installed in electrically heatedcovered with decorative panels or beams constructed of ma-
floors of bathrooms and in hydromassage bathtub locations.terials that have thermal insulating properties, such as wood,

fiber, or plastic. Finished ceilings shall be permitted to be
424.45 Inspection and Tests. Cable installations shall becovered with paint, wallpaper, or other approved surface
made with due care to prevent damage to the cable assemblyfinishes.
and shall be inspected and approved before cables are cov-

424.43 Installation of Nonheating Leads of Cables. ered or concealed.

(A) Free Nonheating Leads. Free nonheating leads of ca-
bles shall be installed in accordance with approved wiring VI. Duct Heaters
methods from the junction box to a location within the

424.57 General. Part VI shall apply to any heater mountedceiling. Such installations shall be permitted to be single
in the airstream of a forced-air system where the air-movingconductors in approved raceways, single or multiconductor
unit is not provided as an integral part of the equipment.Type UF, Type NMC, Type MI, or other approved conduc-

tors.
424.58 Identification. Heaters installed in an air duct shall

(B) Leads in Junction Box. Not less than 150 mm (6 in.)
be identified as suitable for the installation.

of free nonheating lead shall be within the junction box.
The marking of the leads shall be visible in the junction

424.59 Airflow. Means shall be provided to ensure uniform
box.

and adequate airflow over the face of the heater in accord-
(C) Excess Leads. Excess leads of heating cables shall not ance with the manufacturer’s instructions.
be cut but shall be secured to the underside of the ceiling

FPN: Heaters installed within 1.2 m (4 ft) of the outlet ofand embedded in plaster or other approved material, leaving
an air-moving device, heat pump, air conditioner, elbows,

only a length sufficient to reach the junction box with not baffle plates, or other obstructions in ductwork may require
less than 150 mm (6 in.) of free lead within the box. turning vanes, pressure plates, or other devices on the inlet

side of the duct heater to ensure an even distribution of air
424.44 Installation of Cables in Concrete or Poured Ma- over the face of the heater.
sonry Floors.

424.60 Elevated Inlet Temperature. Duct heaters in-(A) Watts per Linear Foot. Constant wattage heating ca-
bles shall not exceed 54 watts/linear meter (161⁄2 watts/linear tended for use with elevated inlet air temperature shall be

identified as suitable for use at the elevated temperatures.foot) of cable.
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424.91 Definitions.424.61 Installation of Duct Heaters with Heat Pumps
and Air Conditioners. Heat pumps and air conditioners

Heating Panel. A complete assembly provided with a junc-
having duct heaters closer than 1.2 m (4 ft) to the heat pump

tion box or a length of flexible conduit for connection to a
or air conditioner shall have both the duct heater and heat

branch circuit.
pump or air conditioner identified as suitable for such instal-
lation and so marked. Heating Panel Set. A rigid or nonrigid assembly provided

with nonheating leads or a terminal junction assembly identi-424.62 Condensation. Duct heaters used with air condi-
fied as being suitable for connection to a wiring system.tioners or other air-cooling equipment that could result in

condensation of moisture shall be identified as suitable for
424.92 Markings.use with air conditioners.
(A) Location. Markings shall be permanent and in a loca-424.63 Fan Circuit Interlock. Means shall be provided to
tion that is visible prior to application of panel finish.ensure that the fan circuit is energized when any heater

circuit is energized. However, time- or temperature- (B) Identified as Suitable. Each unit shall be identified as
controlled delay in energizing the fan motor shall be permit- suitable for the installation.
ted.

(C) Required Markings. Each unit shall be marked with424.64 Limit Controls. Each duct heater shall be provided
the identifying name or identification symbol, catalog num-with an approved, integral, automatic-reset temperature-
ber, and rating in volts and watts or in volts and amperes.limiting control or controllers to de-energize the circuit or

circuits. (D) Labels Provided by Manufacturer. The manufactur-
In addition, an integral independent supplementary con- ers of heating panels or heating panel sets shall provide

trol or controllers shall be provided in each duct heater that marking labels that indicate that the space-heating installa-
disconnects a sufficient number of conductors to interrupt tion incorporates heating panels or heating panel sets and
current flow. This device shall be manually resettable or instructions that the labels shall be affixed to the panelboards
replaceable. to identify which branch circuits supply the circuits to those

space-heating installations. If the heating panels and heating424.65 Location of Disconnecting Means. Duct heater
panel set installations are visible and distinguishable aftercontroller equipment shall be either accessible with the dis-
installation, the labels shall not be required to be providedconnecting means installed at or within sight from the con-
and affixed to the panelboards.troller or as permitted by 424.19(A).

424.66 Installation. Duct heaters shall be installed in ac- 424.93 Installation.
cordance with the manufacturer’s instructions in such a man-

(A) General.ner that operation does not create a hazard to persons or
property. Furthermore, duct heaters shall be located with (1) Manufacturer’s Instructions. Heating panels and
respect to building construction and other equipment so as heating panel sets shall be installed in accordance with the
to permit access to the heater. Sufficient clearance shall be manufacturer’s instructions.
maintained to permit replacement of controls and heating
elements and for adjusting and cleaning of controls and other (2) Locations Not Permitted. The heating portion shall
parts requiring such attention. See 110.26. not be installed as follows:

FPN: For additional installation information, see NFPA
(1) In or behind surfaces where subject to physical damage90A-2002, Standard for the Installation of Air-Conditioning
(2) Run through or above walls, partitions, cupboards, orand Ventilating Systems, and NFPA 90B-2002, Standard for

the Installation of Warm Air Heating and Air-Conditioning similar portions of structures that extend to the ceiling
Systems. (3) Run in or through thermal insulation, but shall be per-

mitted to be in contact with the surface of thermal
VII. Resistance-Type Boilers insulation

Installation shall conform to the requirements of Article 424
(3) Separation from Outlets for Luminaires (Lighting

Part VII in the 2005 National Electrical Code (NFPA 70-
Fixtures). Edges of panels and panel sets shall be separated

2005)
by not less than 200 mm (8 in.) from the edges of any outlet
boxes and junction boxes that are to be used for mounting

IX. Electric Radiant Heating Panels and Heating Panel
surface luminaires (lighting fixtures). A clearance of not less

Sets
than 50 mm (2 in.) shall be provided from recessed lumi-
naires (fixtures) and their trims, ventilating openings, and424.90 Scope. The provisions of Part IX of this article shall

apply to radiant heating panels and heating panel sets. other such openings in room surfaces, unless the heating
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panels and panel sets are listed and marked for lesser clear- be considered as operating at an ambient temperature of
40�C (104�F), and the ampacity shall be calculated on theances, in which case they shall be permitted to be installed

at the marked clearances. Sufficient area shall be provided basis of the correction factors given in the 0–2000 volt
ampacity tables of Article 310.to ensure that no heating panel or heating panel set is to be

covered by any surface-mounted units.
424.96 Connection to Branch-Circuit Conductors.

(4) Surfaces Covering Heating Panels. After the heating
(A) General. Heating panels or heating panel sets assem-panels or heating panel sets are installed and inspected, it
bled together in the field to form a heating installation inshall be permitted to install a surface that has been identified
one room or area shall be connected in accordance with theby the manufacturer’s instructions as being suitable for the
manufacturer’s instructions.installation. The surface shall be secured so that the nails

or other fastenings do not pierce the heating panels or heating
(B) Heating Panels. Heating panels shall be connected topanel sets.
branch-circuit wiring by an approved wiring method.

(5) Surface Coverings. Surfaces permitted by
(C) Heating Panel Sets.424.93(A)(4) shall be permitted to be covered with paint,

wallpaper, or other approved surfaces identified in the manu- (1) Connection to Branch Circuit Wiring. Heating panel
facturer’s instructions as being suitable. sets shall be connected to branch-circuit wiring by a method

identified as being suitable for the purpose.(B) Heating Panel Sets.

(2) Panel Sets with Terminal Junction Assembly. A heat-(1) Mounting Location. Heating panel sets shall be per-
ing panel set provided with terminal junction assembly shallmitted to be secured to the lower face of joists or mounted
be permitted to have the nonheating leads attached at thein between joists, headers, or nailing strips.
time of installation in accordance with the manufacturer’s

(2) Parallel to Joists or Nailing Strips. Heating panel sets instructions.
shall be installed parallel to joists or nailing strips.

424.97 Nonheating Leads. Excess nonheating leads of
(3) Installation of Nails, Staples, or Other Fasteners. heating panels or heating panel sets shall be permitted to be
Nailing or stapling of heating panel sets shall be done only cut to the required length. They shall meet the installation
through the unheated portions provided for this purpose. requirements of the wiring method employed in accordance
Heating panel sets shall not be cut through or nailed through with 424.96. Nonheating leads shall be an integral part of
any point closer than 6 mm (1⁄4 in.) to the element. Nails, a heating panel and a heating panel set and shall not be
staples, or other fasteners shall not be used where they subjected to the ampacity requirements of 424.3(B) for
penetrate current-carrying parts. branch circuits.

(4) Installed as Complete Unit. Heating panel sets shall
424.98 Installation in Concrete or Poured Masonry.be installed as complete units unless identified as suitable

for field cutting in an approved manner. (A) Maximum Heated Area. Heating panels or heating
panel sets shall not exceed 355 watts/m2 (33 watts/ft2) of

424.94 Clearances of Wiring in Ceilings. Wiring located heated area.
above heated ceilings shall be spaced not less than 50 mm
(2 in.) above the heated ceiling and shall be considered as (B) Secured in Place and Identified as Suitable. Heating
operating at an ambient of 50�C (122�F). The ampacity shall panels or heating panel sets shall be secured in place by
be calculated on the basis of the correction factors given in means specified in the manufacturer’s instructions and iden-
the 0–2000 volt ampacity tables of Article 310. If this wiring tified as suitable for the installation.
is located above thermal insulations having a minimum

(C) Expansion Joints. Heating panels or heating panel setsthickness of 50 mm (2 in.), the wiring shall not require
shall not be installed where they bridge expansion jointscorrection for temperature.
unless provision is made for expansion and contraction.

424.95 Location of Branch-Circuit and Feeder Wiring
(D) Spacings. Spacings shall be maintained between heat-

in Walls.
ing panels or heating panel sets and metal embedded in the
floor. Grounded metal-clad heating panels shall be permitted(A) Exterior Walls. Wiring methods shall comply with Ar-
to be in contact with metal embedded in the floor.ticle 300 and 310.10.

(E) Protection of Leads. Leads shall be protected where(B) Interior Walls. Any wiring behind heating panels or
heating panel sets located in interior walls or partitions shall they leave the floor by rigid metal conduit, intermediate
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metal conduit, rigid nonmetallic conduit, or electrical metal- other articles in this Code, which apply except as modified in
this article.lic tubing, or by other approved means.

(B) Articles 422, 424, or 430. The rules of Articles 422,(F) Bushings or Fittings Required. Bushings or approved
424, or 430 in the NEC, as applicable, shall apply to air-fittings shall be used where the leads emerge within the floor
conditioning and refrigerating equipment that does not incor-slabs.
porate a hermetic refrigerant motor-compressor. This equip-
ment includes devices that employ refrigeration compressors
driven by conventional motors, furnaces with air-condition-

ARTICLE 440 ing evaporator coils installed, fan-coil units, remote forced
Air-Conditioning air-cooled condensers, remote commercial refrigerators, and

and Refrigerating Equipment so forth.

(C) Article 422. Equipment such as room air conditioners,
household refrigerators and freezers, drinking water coolers,I. General
and beverage dispensers shall be considered appliances, and

440.1 Scope. The provisions of this article apply to electric the provisions of Article 422 shall also apply.
motor-driven air-conditioning and refrigerating equipment
and to the branch circuits and controllers for such equipment. 440.6 Ampacity and Rating. The size of conductors for
It provides for the special considerations necessary for cir- equipment covered by this article shall be selected from
cuits supplying hermetic refrigerant motor-compressors and Table 310.16 through Table 310.19 in the NEC or calculated
for any air-conditioning or refrigerating equipment that is in accordance with 310.15 as applicable. The required am-
supplied from a branch circuit that supplies a hermetic refrig- pacity of conductors and rating of equipment shall be deter-
erant motor-compressor. mined according to 440.6(A) and 440.6(B).

(A) Hermetic Refrigerant Motor-Compressor. For a her-440.2 Definitions.
metic refrigerant motor-compressor, the rated-load current

Branch-Circuit Selection Current. The value in amperes marked on the nameplate of the equipment in which the
to be used instead of the rated-load current in determining motor-compressor is employed shall be used in determining
the ratings of motor branch-circuit conductors, disconnecting the rating or ampacity of the disconnecting means, the
means, controllers, and branch-circuit short-circuit and branch-circuit conductors, the controller, the branch-circuit
ground-fault protective devices wherever the running over- short-circuit and ground-fault protection, and the separate
load protective device permits a sustained current greater motor overload protection. Where no rated-load current is
than the specified percentage of the rated-load current. The shown on the equipment nameplate, the rated-load current
value of branch-circuit selection current will always be equal shown on the compressor nameplate shall be used.
to or greater than the marked rated-load current.

Exception No. 1: Where so marked, the branch-circuit selec-
Hermetic Refrigerant Motor-Compressor. A combina- tion current shall be used instead of the rated-load current
tion consisting of a compressor and motor, both of which to determine the rating or ampacity of the disconnecting
are enclosed in the same housing, with no external shaft or means, the branch-circuit conductors, the controller, and the
shaft seals, the motor operating in the refrigerant. branch-circuit short-circuit and ground-fault protection.

Leakage Current Detection and Interruption (LCDI) Exception No. 2: For cord-and-plug-connected equipment,
Protection. A device provided in a power supply cord or the nameplate marking shall be used in accordance with
cord set that senses leakage current flowing between or 440.22(B), Exception No. 2.
from the cord conductors and interrupts the circuit at a

FPN: For disconnecting means and controllers, see 440.12predetermined level of leakage current.
and 440.41.

Rated-Load Current. The rated-load current for a hermetic
(B) Multimotor Equipment. For multimotor equipmentrefrigerant motor-compressor is the current resulting when
employing a shaded-pole or permanent split-capacitor-typethe motor-compressor is operated at the rated load, rated
fan or blower motor, the full-load current for such motorvoltage, and rated frequency of the equipment it serves.
marked on the nameplate of the equipment in which the fan
or blower motor is employed shall be used instead of the440.3 Other Articles.
horsepower rating to determine the ampacity or rating of
the disconnecting means, the branch-circuit conductors, the(A) Article 430. These provisions are in addition to, or

amendatory of, the provisions of Article 430 in the NEC and controller, the branch-circuit short-circuit and ground-fault
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protection, and the separate overload protection. This mark- in the NEC, the horsepower rating shall be selected from
Table 430.248, Table 430.249, or Table 430.250 in the NECing on the equipment nameplate shall not be less than the

current marked on the fan or blower motor nameplate. corresponding to the rated-load current or branch-circuit
selection current, whichever is greater, and also the horse-
power rating from Table 430.251(A) or Table 430.251(B)440.7 Highest Rated (Largest) Motor. In determining
in the NEC corresponding to the locked-rotor current. In casecompliance with this article and with 430.24, 430.53(B) and
the nameplate rated-load current or branch-circuit selection430.53(C), and 430.62(A) in the NEC, the highest rated
current and locked-rotor current do not correspond to the(largest) motor shall be considered to be the motor that has
currents shown in Table 430.248, Table 430.249, Tablethe highest rated-load current. Where two or more motors
430.250, Table 430.251(A), or Table 430.251(B) in the NEC,have the same highest rated-load current, only one of them
the horsepower rating corresponding to the next higher valueshall be considered as the highest rated (largest) motor. For
shall be selected. In case different horsepower ratings areother than hermetic refrigerant motor-compressors, and fan
obtained when applying these tables, a horsepower rating ator blower motors as covered in 440.6(B), the full-load cur-
least equal to the larger of the values obtained shall berent used to determine the highest rated motor shall be the
selected.equivalent value corresponding to the motor horsepower

rating selected from Table 430.248, Table 430.249, or Table
430.250 in the NEC. (B) Combination Loads. Where the combined load of two

or more hermetic refrigerant motor-compressors or one or
Exception: Where so marked, the branch-circuit selection

more hermetic refrigerant motor-compressor with other mo-
current shall be used instead of the rated-load current in

tors or loads may be simultaneous on a single disconnecting
determining the highest rated (largest) motor-compressor.

means, the rating for the disconnecting means shall be deter-
mined in accordance with 440.12(B)(1) and (B)(2).

440.8 Single Machine. An air-conditioning or refrigerating
system shall be considered to be a single machine under the

(1) Horsepower Rating. The horsepower rating of the dis-
provisions of 430.87, Exception, and 430.112, Exception in

connecting means shall be determined from the sum of all
the NEC. The motors shall be permitted to be located re-

currents, including resistance loads, at the rated-load condi-
motely from each other.

tion and also at the locked-rotor condition. The combined
rated-load current and the combined locked-rotor current so
obtained shall be considered as a single motor for the purposeII. Disconnecting Means
of this requirement as follows.

440.11 General. The provisions of Part II are intended to
require disconnecting means capable of disconnecting air-

(a) The full-load current equivalent to the horsepower
conditioning and refrigerating equipment, including motor-

rating of each motor, other than a hermetic refrigerant motor-
compressors and controllers from the circuit conductors.

compressor, and fan or blower motors as covered in 440.6(B)
shall be selected from Table 430.248, Table 430.249, or

440.12 Rating and Interrupting Capacity. Table 430.250 in the NEC. These full-load currents shall
be added to the motor-compressor rated-load current(s) or(A) Hermetic Refrigerant Motor-Compressor. A discon-
branch-circuit selection current(s), whichever is greater, andnecting means serving a hermetic refrigerant motor-com-
to the rating in amperes of other loads to obtain an equivalentpressor shall be selected on the basis of the nameplate rated-
full-load current for the combined load.load current or branch-circuit selection current, whichever is

(b) The locked-rotor current equivalent to the horse-greater, and locked-rotor current, respectively, of the motor-
power rating of each motor, other than a hermetic refrigerantcompressor as follows.
motor-compressor, shall be selected from Table 430.251(A)

(1) Ampere Rating. The ampere rating shall be at least or Table 430.251(B) in the NEC, and, for fan and blower
115 percent of the nameplate rated-load current or branch- motors of the shaded-pole or permanent split-capacitor type
circuit selection current, whichever is greater. marked with the locked-rotor current, the marked value shall

be used. The locked-rotor currents shall be added to theException: A listed nonfused motor circuit switch having a
motor-compressor locked-rotor current(s) and to the ratinghorsepower rating not less than the equivalent horsepower
in amperes of other loads to obtain an equivalent locked-determined in accordance with 440.12(A)(2) shall be permit-
rotor current for the combined load. Where two or moreted to have an ampere rating less than 115 percent of the
motors or other loads such as resistance heaters, or both,specified current.
cannot be started simultaneously, appropriate combinations
of locked-rotor and rated-load current or branch-circuit se-(2) Equivalent Horsepower. To determine the equivalent

horsepower in complying with the requirements of 430.109 lection current, whichever is greater, shall be an acceptable
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means of determining the equivalent locked-rotor current III. Branch-Circuit Short-Circuit and Ground-Fault
Protectionfor the simultaneous combined load.

Exception: Where part of the concurrent load is a resistance 440.21 General. The provisions of Part III specify devices
load and the disconnecting means is a switch rated in horse- intended to protect the branch-circuit conductors, control
power and amperes, the switch used shall be permitted to apparatus, and motors in circuits supplying hermetic refriger-
have a horsepower rating not less than the combined load ant motor-compressors against overcurrent due to short cir-
to the motor-compressor(s) and other motor(s) at the locked- cuits and grounds. They are in addition to or amendatory
rotor condition, if the ampere rating of the switch is not less of the provisions of Article 240.
than this locked-rotor load plus the resistance load.

440.22 Application and Selection.
(2) Full-Load Current Equivalent. The ampere rating of

(A) Rating or Setting for Individual Motor-Compres-
the disconnecting means shall be at least 115 percent of the

sor. The motor-compressor branch-circuit short-circuit and
sum of all currents at the rated-load condition determined

ground-fault protective device shall be capable of carrying
in accordance with 440.12(B)(1).

the starting current of the motor. A protective device having
Exception: A listed nonfused motor circuit switch having a a rating or setting not exceeding 175 percent of the motor-
horsepower rating not less than the equivalent horsepower compressor rated-load current or branch-circuit selection
determined by 440.12(B)(1) shall be permitted to have an current, whichever is greater, shall be permitted, provided
ampere rating less than 115 percent of the sum of all currents. that, where the protection specified is not sufficient for the

starting current of the motor, the rating or setting shall be(C) Small Motor-Compressors. For small motor-com-
permitted to be increased but shall not exceed 225 percentpressors not having the locked-rotor current marked on the
of the motor rated-load current or branch-circuit selectionnameplate, or for small motors not covered by Table 430.247,
current, whichever is greater.Table 430.248, Table 430.249, or Table 430.250 in the NEC,
Exception: The rating of the branch-circuit short-circuit andthe locked-rotor current shall be assumed to be six times
ground-fault protective device shall not be required to bethe rated-load current.
less than 15 amperes.

(D) Disconnecting Means. Every disconnecting means in
(B) Rating or Setting for Equipment. The equipmentthe refrigerant motor-compressor circuit between the point
branch-circuit short-circuit and ground-fault protective de-of attachment to the feeder and the point of connection
vice shall be capable of carrying the starting current of theto the refrigerant motor-compressor shall comply with the
equipment. Where the hermetic refrigerant motor-compres-requirements of 440.12.
sor is the only load on the circuit, the protection shall con-
form with 440.22(A). Where the equipment incorporates440.13 Cord-Connected Equipment. For cord-connected
more than one hermetic refrigerant motor-compressor or aequipment such as room air conditioners, household refriger-
hermetic refrigerant motor-compressor and other motors orators and freezers, drinking water coolers, and beverage
other loads, the equipment short-circuit and ground-faultdispensers, a separable connector or an attachment plug and
protection shall conform with 430.53 in the NEC andreceptacle shall be permitted to serve as the disconnecting
440.22(B)(1) and (B)(2).means.

FPN: For room air conditioners, see 440.63. (1) Motor-Compressor Largest Load. Where a hermetic
refrigerant motor-compressor is the largest load connected

440.14 Location. Disconnecting means shall be located to the circuit, the rating or setting of the branch-circuit short-
within sight from and readily accessible from the air-condi- circuit and ground-fault protective device shall not exceed
tioning or refrigerating equipment. The disconnecting means the value specified in 440.22(A) for the largest motor-com-
shall be permitted to be installed on or within the air-condi- pressor plus the sum of the rated-load current or branch-
tioning or refrigerating equipment. circuit selection current, whichever is greater, of the other

The disconnecting means shall not be located on panels motor-compressor(s) and the ratings of the other loads sup-
that are designed to allow access to the air-conditioning or plied.
refrigeration equipment.

(2) Motor-Compressor Not Largest Load. Where a her-
Exception No. 2: Where an attachment plug and receptacle metic refrigerant motor-compressor is not the largest load
serve as the disconnecting means in accordance with 440.13, connected to the circuit, the rating or setting of the branch-
their location shall be accessible but shall not be required circuit short-circuit and ground-fault protective device shall
to be readily accessible. not exceed a value equal to the sum of the rated-load current

or branch-circuit selection current, whichever is greater, rat-FPN: See Parts VII and IX of Article 430 in the NEC for
additional requirements. ing(s) for the motor-compressor(s) plus the value specified
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Exception No. 1: Where the circuitry is interlocked so asin 430.53(C)(4) in the NEC where other motor loads are
supplied, or the value specified in 240.4 where only nonmo- to prevent the starting and running of a second motor-com-

pressor or group of motor-compressors, the conductor sizetor loads are supplied in addition to the motor-compressor(s).
shall be determined from the largest motor-compressor orException No. 1: Equipment that starts and operates on a
group of motor-compressors that is to be operated at a given15- or 20-ampere 120-volt, or 15-ampere 208- or 240-volt
time.single-phase branch circuit, shall be permitted to be pro-

tected by the 15- or 20-ampere overcurrent device protecting Exception No. 2: The branch circuit conductors for room
the branch circuit, but if the maximum branch-circuit short- air conditioners shall be in accordance with Part VII of
circuit and ground-fault protective device rating marked on Article 440.
the equipment is less than these values, the circuit protective
device shall not exceed the value marked on the equipment 440.34 Combination Load. Conductors supplying a
nameplate. motor-compressor load in addition to a lighting or appliance

load as calculated from Article 220 and other applicableException No. 2: The nameplate marking of cord-and-plug-
articles shall have an ampacity sufficient for the lighting orconnected equipment rated not greater than 250 volts, sin-
appliance load plus the required ampacity for the motor-gle-phase, such as household refrigerators and freezers,
compressor load determined in accordance with 440.33 or,drinking water coolers, and beverage dispensers, shall be
for a single motor-compressor, in accordance with 440.32.used in determining the branch-circuit requirements, and

each unit shall be considered as a single motor unless the
Exception: Where the circuitry is interlocked so as to pre-nameplate is marked otherwise.
vent simultaneous operation of the motor-compressor(s) and

(C) Protective Device Rating Not to Exceed the Manu- all other loads connected, the conductor size shall be deter-
facturer’s Values. Where maximum protective device rat- mined from the largest size required for the motor-compres-
ings shown on a manufacturer’s overload relay table for use sor(s) and other loads to be operated at a given time.
with a motor controller are less than the rating or setting
selected in accordance with 440.22(A) and 440.22(B), the 440.35 Multimotor and Combination-Load Equip-
protective device rating shall not exceed the manufacturer’s ment. The ampacity of the conductors supplying multimo-
values marked on the equipment. tor and combination-load equipment shall not be less than

the minimum circuit ampacity marked on the equipment in
accordance with 440.4(B) in the NEC.IV. Branch-Circuit Conductors

440.31 General. The provisions of Part IV and Article 310
specify ampacities of conductors required to carry the motor V. Controllers for Motor-Compressors
current without overheating under the conditions specified,

440.41 Rating.except as modified in 440.6(A), Exception No. 1.
The provisions of these articles shall not apply to inte- (A) Motor-Compressor Controller. A motor-compressor

gral conductors of motors, motor controllers and the like, controller shall have both a continuous-duty full-load current
or to conductors that form an integral part of approved rating and a locked-rotor current rating not less than the
equipment. nameplate rated-load current or branch-circuit selection cur-

rent, whichever is greater, and locked-rotor current, respec-FPN: See 300.1(B) and 310.1 for similar requirements.
tively, of the compressor. In case the motor controller is

440.32 Single Motor-Compressor. Branch-circuit con- rated in horsepower but is without one or both of the forego-
ductors supplying a single motor-compressor shall have an ing current ratings, equivalent currents shall be determined
ampacity not less than 125 percent of either the motor- from the ratings as follows. Table 430.248, Table 430.249,
compressor rated-load current or the branch-circuit selection and Table 430.250 in the NEC shall be used to determine
current, whichever is greater. the equivalent full-load current rating. Table 430.251(A) and

Table 430.251(B) in the NEC shall be used to determine the
440.33 Motor-Compressor(s) With or Without Addi- equivalent locked-rotor current ratings.
tional Motor Loads. Conductors supplying one or more
motor-compressor(s) with or without an additional load(s) (B) Controller Serving More Than One Load. A control-

ler serving more than one motor-compressor or a motor-shall have an ampacity not less than the sum of the rated-
load or branch-circuit selection current ratings, whichever compressor and other loads shall have a continuous-duty

full-load current rating and a locked-rotor current rating notis larger, of all the motor-compressors plus the full-load
currents of the other motors, plus 25 percent of the highest less than the combined load as determined in accordance

with 440.12(B).motor or motor-compressor rating in the group.
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VI. Motor-Compressor and Branch-Circuit Overload to motor overload and failure to start by one of the following
means, which shall be permitted to be the same device orProtection
system protecting the motor-compressor in accordance with

440.51 General. The provisions of Part VI specify devices
440.52(A):

intended to protect the motor-compressor, the motor-control
apparatus, and the branch-circuit conductors against exces- Exception: Overload protection of motor-compressors and
sive heating due to motor overload and failure to start. equipment on 15- and 20-ampere, single-phase, branch cir-

cuits shall be permitted to be in accordance with 440.54
FPN: See 240.4(G) for application of Parts III and VI of and 440.55.Article 440.

(1) An overload relay selected in accordance with
440.52 Application and Selection. 440.52(A)(1)

(2) A thermal protector applied in accordance with(A) Protection of Motor-Compressor. Each motor-com-
440.52(A)(2), that will not permit a continuous currentpressor shall be protected against overload and failure to
in excess of 156 percent of the marked rated-load currentstart by one of the following means:
or branch-circuit selection current

(3) A fuse or inverse time circuit breaker selected in accord-(1) A separate overload relay that is responsive to motor-
ance with 440.52(A)(3)compressor current. This device shall be selected to trip

(4) A protective system, in accordance with 440.52(A)(4),at not more than 140 percent of the motor-compressor
that will not permit a continuous current in excess ofrated-load current.
156 percent of the marked rated-load current or branch-(2) A thermal protector integral with the motor-compressor,
circuit selection currentapproved for use with the motor-compressor that it pro-

tects on the basis that it will prevent dangerous overheat-
440.53 Overload Relays. Overload relays and other de-ing of the motor-compressor due to overload and failure
vices for motor overload protection that are not capable ofto start. If the current-interrupting device is separate
opening short circuits shall be protected by fuses or inversefrom the motor-compressor and its control circuit is
time circuit breakers with ratings or settings in accordanceoperated by a protective device integral with the motor-
with Part III unless approved for group installation or forcompressor, it shall be arranged so that the opening of
part-winding motors and marked to indicate the maximumthe control circuit will result in interruption of current
size of fuse or inverse time circuit breaker by which theyto the motor-compressor.
shall be protected.(3) A fuse or inverse time circuit breaker responsive to

motor current, which shall also be permitted to serve Exception: The fuse or inverse time circuit breaker size
as the branch-circuit short-circuit and ground-fault pro- marking shall be permitted on the nameplate of approved
tective device. This device shall be rated at not more equipment in which the overload relay or other overload
than 125 percent of the motor-compressor rated-load device is used.
current. It shall have sufficient time delay to permit the
motor-compressor to start and accelerate its load. The 440.54 Motor-Compressors and Equipment on 15- or 20-
equipment or the motor-compressor shall be marked Ampere Branch Circuits — Not Cord-and-Attachment-
with this maximum branch-circuit fuse or inverse time Plug-Connected. Overload protection for motor-compres-
circuit breaker rating. sors and equipment used on 15- or 20-ampere 120-volt, or

(4) A protective system, furnished or specified and ap- 15-ampere 208- or 240-volt single-phase branch circuits as
proved for use with the motor-compressor that it protects permitted in Article 210 shall be permitted as indicated in
on the basis that it will prevent dangerous overheating 440.54(A) and 440.54(B).
of the motor-compressor due to overload and failure to
start. If the current-interrupting device is separate from (A) Overload Protection. The motor-compressor shall be
the motor-compressor and its control circuit is operated provided with overload protection selected as specified in
by a protective device that is not integral with the cur- 440.52(A). Both the controller and motor overload protective
rent-interrupting device, it shall be arranged so that the device shall be approved for installation with the short-
opening of the control circuit will result in interruption circuit and ground-fault protective device for the branch
of current to the motor-compressor. circuit to which the equipment is connected.

(B) Protection of Motor-Compressor Control Apparatus (B) Time Delay. The short-circuit and ground-fault protec-
tive device protecting the branch circuit shall have sufficientand Branch-Circuit Conductors. The motor-compressor

controller(s), the disconnecting means, and the branch-cir- time delay to permit the motor-compressor and other motors
to start and accelerate their loads.cuit conductors shall be protected against overcurrent due
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440.55 Cord-and-Attachment-Plug-Connected Motor- (3) Total rated-load current is shown on the room air-condi-
tioner nameplate rather than individual motor currents.Compressors and Equipment on 15- or 20-Ampere

Branch Circuits. Overload protection for motor-compres- (4) The rating of the branch-circuit short-circuit and
ground-fault protective device does not exceed the am-sors and equipment that are cord-and-attachment-plug-con-

nected and used on 15- or 20-ampere 120-volt, or 15-ampere pacity of the branch-circuit conductors or the rating of
the receptacle, whichever is less.208- or 240-volt, single-phase branch circuits as permitted

in Article 210 shall be permitted as indicated in 440.55(A),
(B) Where No Other Loads Are Supplied. The total(B), and (C).
marked rating of a cord-and-attachment-plug-connected
room air conditioner shall not exceed 80 percent of the rating(A) Overload Protection. The motor-compressor shall be

provided with overload protection as specified in 440.52(A). of a branch circuit where no other loads are supplied.
Both the controller and the motor overload protective device

(C) Where Lighting Units or Other Appliances Are Alsoshall be approved for installation with the short-circuit and
Supplied. The total marked rating of a cord-and-attach-ground-fault protective device for the branch circuit to which
ment-plug-connected room air conditioner shall not exceedthe equipment is connected.
50 percent of the rating of a branch circuit where lighting
outlets, other appliances, or general-use receptacles are also(B) Attachment Plug and Receptacle Rating. The rating

of the attachment plug and receptacle shall not exceed 20 supplied. Where the circuitry is interlocked to prevent simul-
taneous operation of the room air conditioner and energiza-amperes at 125 volts or 15 amperes at 250 volts.
tion of other outlets on the same branch circuit, a cord-and-

(C) Time Delay. The short-circuit and ground-fault protec- attachment-plug-connected room air conditioner shall not
tive device protecting the branch circuit shall have sufficient exceed 80 percent of the branch-circuit rating.
time delay to permit the motor-compressor and other motors
to start and accelerate their loads. 440.63 Disconnecting Means. An attachment plug and re-

ceptacle shall be permitted to serve as the disconnecting
means for a single-phase room air conditioner rated 250VII. Provisions for Room Air Conditioners
volts or less if (1) the manual controls on the room air

440.60 General. The provisions of Part VII shall apply conditioner are readily accessible and located within 1.8 m
to electrically energized room air conditioners that control (6 ft) of the floor or (2) an approved manually operable
temperature and humidity. For the purpose of Part VII, a disconnecting means is installed in a readily accessible loca-
room air conditioner (with or without provisions for heating) tion within sight from the room air conditioner.
shall be considered as an ac appliance of the air-cooled
window, console, or in-wall type that is installed in the 440.64 Supply Cords. Where a flexible cord is used to
conditioned room and that incorporates a hermetic refriger- supply a room air conditioner, the length of such cord shall
ant motor-compressor(s). The provisions of Part VII cover not exceed 3.0 m (10 ft) for a nominal, 120-volt rating or
equipment rated not over 250 volts, single phase, and such 1.8 m (6 ft) for a nominal, 208- or 240-volt rating.
equipment shall be permitted to be cord-and-attachment-
plug-connected. 440.65 Leakage Current Detection and Interruption

A room air conditioner that is rated three phase or rated (LCDI) and Arc Fault Circuit Interrupter (AFCI). Sin-
over 250 volts shall be directly connected to a wiring method gle-phase cord-and-plug-connected room air conditioners
recognized in Chapter 3, and provisions of Part VII shall shall be provided with factory-installed LCDI or AFCI pro-
not apply. tection. The LCDI or AFCI protection shall be an integral

part of the attachment plug or be located in the power supply
440.61 Grounding. Room air conditioners shall be cord within 300 mm (12 in.) of the attachment plug.
grounded in accordance with 250.110, 250.112, and 250.114.

440.62 Branch-Circuit Requirements.
ARTICLE 445

(A) Room Air Conditioner as a Single Motor Unit. A Generators
room air conditioner shall be considered as a single motor
unit in determining its branch-circuit requirements where all
the following conditions are met: Installations shall conform to the requirements of Article

445 of the 2005 National Electrical Code (NFPA 70-2005).(1) It is cord-and-attachment-plug-connected.
(2) Its rating is not more than 40 amperes and 250 volts,

single phase.
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Chapter 5 Special Occupancies

FPN No. 2: See Part 3280, Manufactured Home Construc-
tion and Safety Standards, of the Federal Department ofARTICLE 550
Housing and Urban Development, for additional information

Mobile Homes, Manufactured Homes, on the definition.
and Mobile Home Parks

Mobile Home. A factory-assembled structure or structures
transportable in one or more sections that is built on a perma-
nent chassis and designed to be used as a dwelling withoutI. General
a permanent foundation where connected to the required

550.1 Scope. The provisions of this article cover the electri- utilities and that includes the plumbing, heating, air-condi-
cal conductors and equipment installed within or on mobile tioning, and electric systems contained therein.
and manufactured homes, the conductors that connect mobile For the purpose of this Code and unless otherwise indi-
and manufactured homes to a supply of electricity, and the cated, the term mobile home includes manufactured homes.
installation of electrical wiring, luminaires (fixtures), equip-

Mobile Home Accessory Building or Structure. Anyment, and appurtenances related to electrical installations
awning, cabana, ramada, storage cabinet, carport, fence,within a mobile home park up to the mobile home service-
windbreak, or porch established for the use of the occupantentrance conductors or, if none, the mobile home service
of the mobile home on a mobile home lot.equipment.
Mobile Home Lot. A designated portion of a mobile home

FPN: For additional information on manufactured housing park designed for the accommodation of one mobile home
see NFPA 501-2003, Standard on Manufactured Housing,

and its accessory buildings or structures for the exclusiveand Part 3280, Manufactured Home Construction and Safety
use of its occupants.Standards, of the Federal Department of Housing and Urban

Development.
Mobile Home Park. A contiguous parcel of land that is
used for the accommodation of occupied mobile homes.

550.2 Definitions.
Mobile Home Service Equipment. The equipment con-

Feeder Assembly. The overhead or under-chassis feeder taining the disconnecting means, overcurrent protective de-
conductors, including the grounding conductor, together vices, and receptacles or other means for connecting a mobile
with the necessary fittings and equipment or a power-supply home feeder assembly.
cord listed for mobile home use, designed for the purpose
of delivering energy from the source of electrical supply to 550.4 General Requirements.
the distribution panelboard within the mobile home.

(B) In Other Than Mobile Home Parks. Mobile homes
Manufactured Home. A structure, transportable in one or installed in other than mobile home parks shall comply with
more sections, that is 2.5 m (8 body ft) or more in width or the provisions of this article.
12 m (40 body ft) or more in length in the traveling mode

(C) Connection to Wiring System. The provisions of thisor, when erected on site, is 30 m2 (320 ft2) or more; which
article shall apply to mobile homes intended for connectionis built on a chassis and designed to be used as a dwelling,
to a wiring system rated 120/240 volts, nominal, 3-wire ac,with or without a permanent foundation, when connected to
with grounded neutral.the required utilities, including the plumbing, heating, air

conditioning, and electrical systems contained therein. Cal-
(D) Listed or Labeled. All electrical materials, devices,

culations used to determine the number of square meters
appliances, fittings, and other equipment shall be listed or

(square feet) in a structure will be based on the structure’s
labeled by a qualified testing agency and shall be connected

exterior dimensions, measured at the largest horizontal pro-
in an approved manner when installed.

jections when erected on site. These dimensions include all
expandable rooms, cabinets, and other projections con-
taining interior space but do not include inside bay windows. III. Services and Feeders

For the purpose of this Code and unless otherwise indi-
550.30 Distribution System. The mobile home park sec-cated, the term mobile home includes manufactured homes.
ondary electrical distribution system to mobile home lots
shall be single-phase, 120/240 volts, nominal. For the pur-FPN No. 1: See the applicable building code for definition

of the term permanent foundation. pose of Part III, where the park service exceeds 240 volts,
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nominal, transformers and secondary distribution pan- installed in or on a manufactured home, provided that all of
the following conditions are met:elboards shall be treated as services.

(1) The manufacturer shall include in its written installation550.31 Allowable Demand Factors. Park electrical wiring
instructions information indicating that the home shallsystems shall be calculated (at 120/240 volts) on the larger
be secured in place by an anchoring system or installedof the following:
on and secured to a permanent foundation.

(1) 16,000 volt-amperes for each mobile home lot (2) The installation of the service equipment shall comply
(2) The load calculated in accordance with 550.18 in the with Article 230.

NEC for the largest typical mobile home that each lot (3) Means shall be provided for the connection of a ground-
will accept ing electrode conductor to the service equipment and

routing it outside the structure.
It shall be permissible to calculate the feeder or service

(4) Bonding and grounding of the service shall be in accord-
load in accordance with Table 550.31. No demand factor

ance with Article 250.
shall be allowed for any other load, except as provided in

(5) The manufacturer shall include in its written installation
the NEC.

instructions one method of grounding the service equip-
Service and feeder conductors to a mobile home in

ment at the installation site. The instructions shall
compliance with 310.15(B)(6) shall be permitted.

clearly state that other methods of grounding are found
in Article 250.Table 550.31 Demand Factors for Services and Feeders

(6) The minimum size grounding electrode conductor shall
be specified in the instructions.Number of Demand Factor

Mobile Homes (percent) (7) A red warning label shall be mounted on or adjacent
to the service equipment. The label shall state the fol-

1 100 lowing:
2 55
3 44 WARNING
4 39 DO NOT PROVIDE ELECTRICAL POWER
5 33 UNTIL THE GROUNDING ELECTRODE(S)
6 29

IS INSTALLED AND CONNECTED7–9 28
(SEE INSTALLATION INSTRUCTIONS).10–12 27

13–15 26
Where the service equipment is not installed in or on the16–21 25

unit, the installation shall comply with the other provisions of22–40 24
this section.41–60 23

61 and over 22
(C) Rating. Mobile home service equipment shall be rated
at not less than 100 amperes at 120/240 volts, and provisions
shall be made for connecting a mobile home feeder assembly

550.32 Service Equipment. by a permanent wiring method. Power outlets used as mobile
home service equipment shall also be permitted to contain(A) Mobile Home Service Equipment. The mobile home
receptacles rated up to 50 amperes with appropriate overcur-service equipment shall be located adjacent to the mobile
rent protection. Fifty-ampere receptacles shall conform tohome and not mounted in or on the mobile home. The service
the configuration shown in Figure 550.10(C) in the NEC.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
FPN: Complete details of the 50-ampere plug and receptacle

serves. The service equipment shall be permitted to be lo- configuration can be found in ANSI/NEMA WD 6-1989,
cated elsewhere on the premises, provided that a discon- National Electrical Manufacturers Association Standard for

Wiring Devices — Dimensional Requirements, Figure 14-necting means suitable for use as service equipment is
50.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
(D) Additional Outside Electrical Equipment. Means forrated not less than that required for service equipment per
connecting a mobile home accessory building or structure550.32(C). Grounding at the disconnecting means shall be
or additional electrical equipment located outside a mobilein accordance with 250.32.
home by a fixed wiring method shall be provided in either
the mobile home service equipment or the local external(B) Manufactured Home Service Equipment. The manu-

factured home service equipment shall be permitted to be disconnecting means permitted in 550.32(A).
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590.2 All Wiring Installations.(E) Additional Receptacles. Additional receptacles shall
be permitted for connection of electrical equipment located (A) Other Articles. Except as specifically modified in this
outside the mobile home, and all such 125-volt, single-phase, article, all other requirements of this Code for permanent
15- and 20-ampere receptacles shall be protected by a listed wiring shall apply to temporary wiring installations.
ground-fault circuit interrupter.

(B) Approval. Temporary wiring methods shall be accept-
(F) Mounting Height. Outdoor mobile home discon-

able only if approved based on the conditions of use and
necting means shall be installed so the bottom of the enclo-

any special requirements of the temporary installation.
sure containing the disconnecting means is not less than 600
mm (2 ft) above finished grade or working platform. The 590.3 Time Constraints.
disconnecting means shall be installed so that the center of

(A) During the Period of Construction. Temporary elec-the grip of the operating handle, when in the highest position,
trical power and lighting installations shall be permittedis not more than 2.0 m (6 ft 7 in.) above the finished grade
during the period of construction, remodeling, maintenance,or working platform.
repair, or demolition of buildings, structures, equipment, or

(G) Marking. Where a 125/250-volt receptacle is used in similar activities.
mobile home service equipment, the service equipment shall

(B) 90 Days. Temporary electrical power and lighting in-be marked as follows:
stallations shall be permitted for a period not to exceed 90

TURN DISCONNECTING SWITCH OR days for holiday decorative lighting and similar purposes.
CIRCUIT BREAKER OFF BEFORE INSERTING

(C) Emergencies and Tests. Temporary electrical powerOR REMOVING PLUG. PLUG MUST BE FULLY
and lighting installations shall be permitted during emergen-INSERTED OR REMOVED.
cies and for tests, experiments, and developmental work.

The marking shall be located on the service equipment
(D) Removal. Temporary wiring shall be removed immedi-adjacent to the receptacle outlet.
ately upon completion of construction or purpose for which
the wiring was installed.550.33 Feeder.

(A) Feeder Conductors. Feeder conductors shall consist 590.4 General.
of either a listed cord, factory installed in accordance with

(A) Services. Services shall be installed in conformance550.10(B) in the NEC, or a permanently installed feeder
with Article 230.consisting of four insulated, color-coded conductors that

shall be identified by the factory or field marking of the
(B) Feeders. Overcurrent protection shall be provided in

conductors in compliance with 310.12. Equipment ground-
accordance with 240.4 and 240.5 in the NEC. They shall

ing conductors shall not be identified by stripping the insula-
originate in an approved distribution center. Conductors shall

tion.
be permitted within cable assemblies or within multiconduc-

Exception: Where a feeder is installed between service tor cords or cables of a type identified in Table 400.4 in the
equipment and a disconnecting means as covered in NEC for hard usage or extra-hard usage. For the purpose of
550.32(A), it shall be permitted to omit the equipment this section, Type NM and Type NMC cables shall be permit-
grounding conductor where the grounded circuit conductor ted to be used in any dwelling, building, or structure without
is grounded at the disconnecting means as required in any height limitation or limitation by building construction
250.32(B). type and without concealment within walls, floors, or ceil-

ings.
(B) Feeder Capacity. Mobile home and manufactured

Exception: Single insulated conductors shall be permittedhome lot feeder circuit conductors shall have a capacity not
where installed for the purpose(s) specified in 590.3(C),less than the loads supplied and shall be rated at not less
where accessible only to qualified persons.than 100 amperes at 120/240 volts.

(C) Branch Circuits. All branch circuits shall originate in
an approved power outlet or panelboard. Conductors shall be

ARTICLE 590 permitted within cable assemblies or within multiconductor
cord or cable of a type identified in Table 400.4 in the NECTemporary Installations
for hard usage or extra-hard usage. Conductors shall be
protected from overcurrent as provided in 240.4 and 240.5

590.1 Scope. The provisions of this article apply to tempo- in the NEC. For the purposes of this section, Type NM and
Type NMC cables shall be permitted to be used in anyrary electrical power and lighting installations.
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dwelling, building, or structure without any height limitation shall be secured to the box with fittings designed for the
purpose.or limitation by building construction type and without con-

cealment within walls, floors, or ceilings.
(J) Support. Cable assemblies and flexible cords and ca-

Exception: Branch circuits installed for the purposes speci- bles shall be supported in place at intervals that ensure that
fied in 590.3(B) or 590.3(C) shall be permitted to be run they will be protected from physical damage. Support shall
as single insulated conductors. Where the wiring is installed be in the form of staples, cable ties, straps, or similar type
in accordance with 590.3(B), the voltage to ground shall fittings installed so as not to cause damage. Vegetation shall
not exceed 150 volts, the wiring shall not be subject to not be used for support of overhead spans of branch circuits
physical damage, and the conductors shall be supported on or feeders.
insulators at intervals of not more than 3.0 m (10 ft); or,

Exception: For holiday lighting in accordance withfor festoon lighting, the conductors shall be so arranged
590.3(B), where the conductors or cables are arranged withthat excessive strain is not transmitted to the lampholders.
proper strain relief devices, tension take-up devices, or other

(D) Receptacles. All receptacles shall be of the grounding approved means to avoid damage from the movement of the
type. Unless installed in a continuous grounded metal race- live vegetation, trees shall be permitted to be used for support
way or metal-covered cable, all branch circuits shall contain of overhead spans of branch circuit conductors or cables.
a separate equipment grounding conductor, and all recepta-
cles shall be electrically connected to the equipment ground- 590.5 Listing of Decorative Lighting. Decorative lighting
ing conductors. Receptacles on construction sites shall not used for holiday lighting and similar purposes, in accordance
be installed on branch circuits that supply temporary lighting. with 590.3(B), shall be listed.
Receptacles shall not be connected to the same ungrounded
conductor of multiwire circuits that supply temporary light- 590.6 Ground-Fault Protection for Personnel. Ground-
ing. fault protection for personnel for all temporary wiring instal-

lations shall be provided to comply with 590.6(A) and(E) Disconnecting Means. Suitable disconnecting
590.6(B). This section shall apply only to temporary wiringswitches or plug connectors shall be installed to permit the
installations used to supply temporary power to equipmentdisconnection of all ungrounded conductors of each tempo-
used by personnel during construction, remodeling, mainte-rary circuit. Multiwire branch circuits shall be provided with
nance, repair, or demolition of buildings, structures, equip-a means to disconnect simultaneously all ungrounded con-
ment, or similar activities.ductors at the power outlet or panelboard where the branch

circuit originated. Approved handle ties shall be permitted. (A) Receptacle Outlets. All 125-volt, single-phase, 15-,
20-, and 30-ampere receptacle outlets that are not a part of(F) Lamp Protection. All lamps for general illumination
the permanent wiring of the building or structure and that areshall be protected from accidental contact or breakage by a
in use by personnel shall have ground-fault circuit interruptersuitable fixture or lampholder with a guard.
protection for personnel. If a receptacle(s) is installed orBrass shell, paper-lined sockets, or other metal-cased
exists as part of the permanent wiring of the building orsockets shall not be used unless the shell is grounded.
structure and is used for temporary electric power, ground-

(G) Splices. On construction sites, a box shall not be re- fault circuit-interrupter protection for personnel shall be pro-
quired for splices or junction connections where the circuit vided. For the purposes of this section, cord sets or devices
conductors are multiconductor cord or cable assemblies, incorporating listed ground-fault circuit interrupter protec-
provided that the equipment grounding continuity is main- tion for personnel identified for portable use shall be permit-
tained with or without the box. See 110.14(B) and 400.9. A ted.
box, conduit body, or terminal fitting having a separately

(B) Use of Other Outlets. Receptacles other than 125-volt,bushed hole for each conductor shall be used wherever a
single-phase, 15-, 20-, and 30-ampere receptacles shall havechange is made to a conduit or tubing system or a metal-
protection in accordance with (B)(1) or the assured equip-sheathed cable system.
ment grounding conductor program in accordance with

(H) Protection from Accidental Damage. Flexible cords (B)(2).
and cables shall be protected from accidental damage. Sharp

(1) GFCI Protection. Ground-fault circuit interrupter pro-corners and projections shall be avoided. Where passing
tection for personnel.through doorways or other pinch points, protection shall be

provided to avoid damage.
(2) Assured Equipment Grounding Conductor Pro-
gram. A written assured equipment grounding conductor(I) Termination(s) at Devices. Flexible cords and cables

entering enclosures containing devices requiring termination program continuously enforced at the site by one or more
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designated persons to ensure that equipment grounding con- (2) Each receptacle and attachment plug shall be tested for
correct attachment of the equipment grounding conduc-ductors for all cord sets, receptacles that are not a part

of the permanent wiring of the building or structure, and tor. The equipment grounding conductor shall be con-
nected to its proper terminal.equipment connected by cord and plug are installed and

maintained in accordance with the applicable requirements (3) All required tests shall be performed as follows:
of 250.114, 250.138, 406.3(C), and 590.4(D).

a. Before first use on site
b. When there is evidence of damage(a) The following tests shall be performed on all cord
c. Before equipment is returned to service followingsets, receptacles that are not part of the permanent wiring

any repairsof the building or structure, and cord-and-plug-connected
d. At intervals not exceeding 3 monthsequipment required to be grounded:

(b) The tests required in item (2)(a) shall be recorded(1) All equipment grounding conductors shall be tested for
continuity and shall be electrically continuous. and made available to the authority having jurisdiction.
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Chapter 6 Special Equipment

Maximum Water Level. The highest level that water can
ARTICLE 680 reach before it spills out.

Swimming Pools, Fountains, No-Niche Luminaire (Lighting Fixture). A luminaire
and Similar Installations (lighting fixture) intended for installation above or below

the water without a niche.

Packaged Spa or Hot Tub Equipment Assembly. A fac-I. General
tory-fabricated unit consisting of water-circulating, heating,

680.1 Scope. The provisions of this article apply to the and control equipment mounted on a common base, intended
construction and installation of electrical wiring for and to operate a spa or hot tub. Equipment can include pumps,
equipment in or adjacent to all swimming, wading, therapeu- air blowers, heaters, lights, controls, sanitizer generators,
tic, and decorative pools; fountains; hot tubs; spas; and hy- and so forth.
dromassage bathtubs, whether permanently installed or

Permanently Installed Swimming, Wading, and Thera-storable, and to metallic auxiliary equipment, such as pumps,
peutic Pools. Those that are constructed in the ground orfilters, and similar equipment. The term body of water used
partially in the ground, and all others capable of holdingthroughout Part I applies to all bodies of water covered in
water in a depth greater than 1.0 m (42 in.), and all poolsthis scope unless otherwise amended.
installed inside of a building, regardless of water depth,
whether or not served by electrical circuits of any nature.

680.2 Definitions.
Pool. Manufactured or field-constructed equipment de-

Cord-and-Plug-Connected Lighting Assembly. A light- signed to contain water on a permanent or semipermanent
ing assembly consisting of a luminaire (lighting fixture) basis and used for swimming, wading, or other purposes.
intended for installation in the wall of a spa, hot tub, or

Pool Cover, Electrically Operated. Motor-driven equip-storable pool, and a cord-and-plug-connected transformer.
ment designed to cover and uncover the water surface of a
pool by means of a flexible sheet or rigid frame.Dry-Niche Luminaire (Lighting Fixture). A luminaire

(lighting fixture) intended for installation in the wall of a Self-Contained Spa or Hot Tub. Factory-fabricated unit
pool or fountain in a niche that is sealed against the entry consisting of a spa or hot tub vessel with all water-circulat-
of pool water. ing, heating, and control equipment integral to the unit.

Equipment can include pumps, air blowers, heaters, lights,Equipment, Fixed. Equipment that is fastened or otherwise
controls, sanitizer generators, and so forth.secured at a specific location.

Spa or Hot Tub. A hydromassage pool, or tub for recre-Equipment, Portable. Equipment that is actually moved
ational or therapeutic use, not located in health care facilities,or can easily be moved from one place to another in normal
designed for immersion of users, and usually having a filter,use.
heater, and motor-driven blower. It may be installed indoors

Equipment, Stationary. Equipment that is not easily or outdoors, on the ground or supporting structure, or in the
moved from one place to another in normal use. ground or supporting structure. Generally, a spa or hot tub

is not designed or intended to have its contents drained or
Forming Shell. A structure designed to support a wet-niche discharged after each use.
luminaire (lighting fixture) assembly and intended for

Storable Swimming or Wading Pool. Those that are con-mounting in a pool or fountain structure.
structed on or above the ground and are capable of holding

Fountain. Fountains, ornamental pools, display pools, and water to a maximum depth of 1.0 m (42 in.), or a pool with
reflection pools. The definition does not include drinking nonmetallic, molded polymeric walls or inflatable fabric
fountains. walls regardless of dimension.

Hydromassage Bathtub. A permanently installed bathtub Through-Wall Lighting Assembly. A lighting assembly
intended for installation above grade, on or through theequipped with a recirculating piping system, pump, and

associated equipment. It is designed so it can accept, circu- wall of a pool, consisting of two interconnected groups of
components separated by the pool wall.late, and discharge water upon each use.
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680.7 Cord-and-Plug-Connected Equipment. Fixed orWet-Niche Luminaire (Lighting Fixture). A luminaire
(lighting fixture) intended for installation in a forming shell stationary equipment other than an underwater luminaire

(lighting fixture) for a permanently installed pool shall bemounted in a pool or fountain structure where the luminaire
(fixture) will be completely surrounded by water. permitted to be connected with a flexible cord to facilitate

the removal or disconnection for maintenance or repair.

680.3 Other Articles. Except as modified by this article, (A) Length. For other than storable pools, the flexible cord
wiring and equipment in or adjacent to pools and fountains shall not exceed 900 mm (3 ft) in length.
shall comply with other applicable provisions of this Code,

(B) Equipment Grounding. The flexible cord shall have aincluding those provisions identified in Table 680.3.
copper equipment grounding conductor sized in accordance
with 250.122 but not smaller than 12 AWG. The cord shallTable 680.3 Other Articles
terminate in a grounding-type attachment plug.

Topic Section or Article (C) Construction. The equipment grounding conductors
shall be connected to a fixed metal part of the assembly.Wiring Chapters 1–4
The removable part shall be mounted on or bonded to theJunction box support 314.23
fixed metal part.Rigid nonmetallic conduit 352.12

Audio Equipment Article 640, Parts I and II
680.8 Overhead Conductor Clearances. Overhead con-Adjacent to pools and fountains 640.10
ductors shall meet the clearance requirements in this section.Underwater speakers*
Where a minimum clearance from the water level is given,

*Underwater loudspeakers shall be installed in accordance with the measurement shall be taken from the maximum water
680.27(A). level of the specified body of water.

(A) Power. With respect to service drop conductors and
open overhead wiring, swimming pool and similar installa-

680.4 Approval of Equipment. All electrical equipment tions shall comply with the minimum clearances given in
installed in the water, walls, or decks of pools, fountains, Table 680.8 and illustrated in Figure 680.8.
and similar installations shall comply with the provisions of

FPN: Open overhead wiring as used in this article typicallythis article.
refers to conductor(s) not in an enclosed raceway.

(B) Communications Systems. Communication, radio,680.5 Ground-Fault Circuit Interrupters. Ground-fault
and television coaxial cables within the scope of Articlescircuit interrupters (GFCIs) shall be self-contained units,
800, 820, and 810 in the NEC shall be permitted at a heightcircuit-breaker or receptacle types, or other listed types.
of not less than 3.0 m (10 ft) above swimming and wading
pools, diving structures, and observation stands, towers, or

680.6 Grounding. Electrical equipment shall be grounded platforms.
in accordance with Parts V, VI, and VII of Article 250

(C) Network-Powered Broadband Communicationsand connected by wiring methods of Chapter 3, except as
Systems. The minimum clearances for overhead network-modified by this article. The following equipment shall be
powered broadband communications systems conductorsgrounded:
from pools or fountains shall comply with the provisions in
Table 680.8 for conductors operating at 0 to 750 volts to(1) Through-wall lighting assemblies and underwater lumi-
ground.naires (lighting fixtures), other than those low-voltage

systems listed for the application without a grounding
conductor

(2) All electrical equipment located within 1.5 m (5 ft) of
the inside wall of the specified body of water

(3) All electrical equipment associated with the recirculat-
ing system of the specified body of water

(4) Junction boxes
(5) Transformer enclosures
(6) Ground-fault circuit interrupters
(7) Panelboards that are not part of the service equipment

B

Pool

Observation
stand

C

B

B
B

B

A
A

C

and that supply any electrical equipment associated with
the specified body of water Figure 680.8 Clearances from Pool Structures.
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Table 680.8 Overhead Conductor Clearances

Insulated Cables, 0–750
Volts to Ground, Supported

on and Cabled Together All Other Conductors Voltage to Ground
with 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
measured from inside wall of not to less than 3 m (10 ft).
the pool

680.9 Electric Pool Water Heaters. All electric pool water Table 680.10 Minimum Burial Depths
heaters shall have the heating elements subdivided into loads
not exceeding 48 amperes and protected at not over 60 Minimum Burial
amperes. The ampacity of the branch-circuit conductors and

Wiring Method mm in.the rating or setting of overcurrent protective devices shall
not be less than 125 percent of the total nameplate-rated

Rigid metal conduit 150 6
load. Intermediate metal conduit 150 6

Nonmetallic raceways listed for direct 450 18
680.10 Underground Wiring Location. Underground burial without concrete encasement
wiring shall not be permitted under the pool or within the Other approved raceways* 450 18
area extending 1.5 m (5 ft) horizontally from the inside wall

*Raceways approved for burial only where concrete encasedof the pool unless this wiring is necessary to supply pool
shall require a concrete envelope not less than 50 mm (2 in.) thick.equipment permitted by this article. Where space limitations

prevent wiring from being routed a distance 1.5 m (5 ft) or
more from the pool, such wiring shall be permitted where

II. Permanently Installed Pools
installed in rigid metal conduit, intermediate metal conduit,
or a nonmetallic raceway system. All metal conduit shall 680.20 General. Electrical installations at permanently in-

stalled pools shall comply with the provisions of Part I andbe corrosion resistant and suitable for the location. The
minimum burial depth shall be as given in Table 680.10. Part II of this article.

680.11 Equipment Rooms and Pits. Electric equipment 680.21 Motors.
shall not be installed in rooms or pits that do not have

(A) Wiring Methods.
drainage that adequately prevents water accumulation during
normal operation or filter maintenance. (1) General. The branch circuits for pool-associated mo-

tors shall be installed in rigid metal conduit, intermediate
680.12 Maintenance Disconnecting Means. One or more metal conduit, rigid nonmetallic conduit, or Type MC cable

listed for the location. Other wiring methods and materialsmeans to disconnect all ungrounded conductors shall be
provided for all utilization equipment other than lighting. shall be permitted in specific locations or applications as

covered in this section. Any wiring method employed shallEach means shall be readily accessible and within sight from
its equipment. contain an insulated copper equipment grounding conductor
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(3) Dwelling Unit(s). Where a permanently installed poolsized in accordance with 250.122 but not smaller than 12
AWG. is installed at a dwelling unit(s), no fewer than one 125-volt

15- or 20-ampere receptacle on a general-purpose branch
(2) On or Within Buildings. Where installed on or within circuit shall be located not less than 3.0 m (10 ft) from, and
buildings, electrical metallic tubing shall be permitted. not more than 6.0 m (20 ft) from, the inside wall of the

pool. This receptacle shall be located not more than 2.0 m(3) Flexible Connections. Where necessary to employ
(6 ft 6 in.) above the floor, platform, or grade level servingflexible connections at or adjacent to the motor, liquidtight
the pool.flexible metal or nonmetallic conduit with approved fittings

shall be permitted. (4) Restricted Space. Where a pool is within 3.0 m (10
ft) of a dwelling and the dimensions of the lot preclude

(4) One-Family Dwellings. In the interior of one-family
meeting the required clearances, not more than one recepta-

dwellings, or in the interior of accessory buildings associated
cle outlet shall be permitted if not less than 1.5 m (5 ft)

with a one-family dwelling, any of the wiring methods recog-
measured horizontally from the inside wall of the pool.

nized in Chapter 3 of this Code that comply with the provi-
sions of this paragraph shall be permitted. Where run in a (5) GFCI Protection. All 15- and 20-ampere, single-
cable assembly, the equipment grounding conductor shall phase, 125-volt receptacles located within 6.0 m (20 ft) of
be permitted to be uninsulated, but it shall be enclosed within the inside walls of a pool shall be protected by a ground-
the outer sheath of the cable assembly. fault circuit interrupter. Receptacles that supply pool pump

motors and that are rated 15 or 20 amperes, 125 volts through
(5) Cord-and-Plug Connections. Pool-associated motors

250 volts, single phase, shall be provided with GFCI protec-
shall be permitted to employ cord-and-plug connections.

tion.
The flexible cord shall not exceed 900 mm (3 ft) in length.
The flexible cord shall include an equipment grounding (6) Measurements. In determining the dimensions in this
conductor sized in accordance with 250.122 and shall termi- section addressing receptacle spacings, the distance to be
nate in a grounding-type attachment plug. measured shall be the shortest path the supply cord of an

appliance connected to the receptacle would follow without
(B) Double Insulated Pool Pumps. A listed cord-and- piercing a floor, wall, ceiling, doorway with hinged or sliding
plug-connected pool pump incorporating an approved sys- door, window opening, or other effective permanent barrier.
tem of double insulation that provides a means for grounding
only the internal and nonaccessible, non–current-carrying (B) Luminaires (Lighting Fixtures), Lighting Outlets,
metal parts of the pump shall be connected to any wiring and Ceiling-Suspended (Paddle) Fans.
method recognized in Chapter 3 that is suitable for the

(1) New Outdoor Installation Clearances. In outdoorlocation. Where the bonding grid is connected to the equip-
pool areas, luminaires (lighting fixtures), lighting outlets,ment grounding conductor of the motor circuit in accordance
and ceiling-suspended (paddle) fans installed above the poolwith the second paragraph of 680.26(B)(4), the branch circuit
or the area extending 1.5 m (5 ft) horizontally from thewiring shall comply with 680.21(A).
inside walls of the pool shall be installed at a height not
less than 3.7 m (12 ft) above the maximum water level of

680.22 Area Lighting, Receptacles, and Equipment.
the pool.

(A) Receptacles.
(2) Indoor Clearances. For installations in indoor pool

(1) Circulation and Sanitation System, Location. Recep- areas, the clearances shall be the same as for outdoor areas
tacles that provide power for water-pump motors or for other unless modified as provided in this paragraph. If the branch
loads directly related to the circulation and sanitation system circuit supplying the equipment is protected by a ground-
shall be located at least 3.0 m (10 ft) from the inside walls fault circuit interrupter, the following equipment shall be
of the pool, or not less than 1.5 m (5 ft) from the inside permitted at a height not less than 2.3 m (7 ft 6 in.) above
walls of the pool if they meet all of the following conditions: the maximum pool water level:

(1) Consist of single receptacles (1) Totally enclosed luminaires (fixtures)
(2) Employ a locking configuration (2) Ceiling-suspended (paddle) fans identified for use be-
(3) Are of the grounding type neath ceiling structures such as provided on porches or
(4) Have GFCI protection patios

(2) Other Receptacles, Location. Other receptacles shall (3) Existing Installations. Existing luminaires (lighting
fixtures) and lighting outlets located less than 1.5 m (5 ft)be not less than 3.0 m (10 ft) from the inside walls of a

pool. measured horizontally from the inside walls of a pool shall
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be not less than 1.5 m (5 ft) above the surface of the maxi- any ungrounded part of the branch circuit or the luminaire
(fixture) to ground.mum water level, shall be rigidly attached to the existing

structure, and shall be protected by a ground-fault circuit
(4) Voltage Limitation. No luminaires (lighting fixtures)interrupter.
shall be installed for operation on supply circuits over 150
volts between conductors.(4) GFCI Protection in Adjacent Areas. Luminaires

(lighting fixtures), lighting outlets, and ceiling-suspended
(5) Location, Wall-Mounted Luminaires (Fixtures).(paddle) fans installed in the area extending between 1.5 m
Luminaires (lighting fixtures) mounted in walls shall be(5 ft) and 3.0 m (10 ft) horizontally from the inside walls of
installed with the top of the luminaire (fixture) lens not lessa pool shall be protected by a ground-fault circuit interrupter
than 450 mm (18 in.) below the normal water level of theunless installed not less than 1.5 m (5 ft) above the maximum
pool, unless the luminaire (lighting fixture) is listed andwater level and rigidly attached to the structure adjacent to
identified for use at lesser depths. No luminaire (fixture)or enclosing the pool.
shall be installed less than 100 mm (4 in.) below the normal
water level of the pool.(5) Cord-and-Plug-Connected Luminaires (Lighting

Fixtures). Cord-and-plug-connected luminaires (lighting
(6) Bottom-Mounted Luminaires (Fixtures). A luminairefixtures) shall comply with the requirements of 680.7 where
(lighting fixture) facing upward shall have the lens ade-installed within 4.9 m (16 ft) of any point on the water
quately guarded to prevent contact by any person.surface, measured radially.

(7) Dependence on Submersion. Luminaires (fixtures)(C) Switching Devices. Switching devices shall be located
that depend on submersion for safe operation shall be inher-at least 1.5 m (5 ft) horizontally from the inside walls of a
ently protected against the hazards of overheating when notpool unless separated from the pool by a solid fence, wall,
submerged.or other permanent barrier. Alternatively, a switch that is

listed as being acceptable for use within 1.5 m (5 ft) shall (8) Compliance. Compliance with these requirements shall
be permitted. be obtained by the use of a listed underwater luminaire

(lighting fixture) and by installation of a listed ground-fault
680.23 Underwater Luminaires (Lighting Fixtures). circuit interrupter in the branch circuit or a listed transformer
This section covers all luminaires (lighting fixtures) installed for luminaires (fixtures) operating at not more than 15 volts.
below the normal water level of the pool.

(B) Wet-Niche Luminaires (Fixtures).
(A) General.

(1) Forming Shells. Forming shells shall be installed for
(1) Luminaire (Fixture) Design, Normal Operation. The the mounting of all wet-niche underwater luminaires (fix-
design of an underwater luminaire (lighting fixture) supplied tures) and shall be equipped with provisions for conduit
from a branch circuit either directly or by way of a trans- entries. Metal parts of the luminaire (fixture) and forming
former meeting the requirements of this section shall be shell in contact with the pool water shall be of brass or other
such that, where the luminaire (fixture) is properly installed approved corrosion-resistant metal. All forming shells used
without a ground-fault circuit interrupter, there is no shock with nonmetallic conduit systems, other than those that are
hazard with any likely combination of fault conditions during part of a listed low-voltage lighting system not requiring
normal use (not relamping). grounding, shall include provisions for terminating an 8

AWG copper conductor.
(2) Transformers. Transformers used for the supply of un-
derwater luminaires (fixtures), together with the transformer (2) Wiring Extending Directly to the Forming Shell.
enclosure, shall be listed as a swimming pool and spa trans- Conduit shall be installed from the forming shell to a junction
former. The transformer shall be an isolated winding type box or other enclosure conforming to the requirements in
with an ungrounded secondary that has a grounded metal 680.24. Conduit shall be rigid metal, intermediate metal,
barrier between the primary and secondary windings. liquidtight flexible nonmetallic, or rigid nonmetallic.

(3) GFCI Protection, Relamping. A ground-fault circuit (a) Metal Conduit. Metal conduit shall be approved and
shall be of brass or other approved corrosion-resistant metal.interrupter shall be installed in the branch circuit supplying

luminaires (fixtures) operating at more than 15 volts such (b) Nonmetallic Conduit. Where a nonmetallic conduit
is used, an 8 AWG insulated solid or stranded copper bondingthat there is no shock hazard during relamping. The installa-

tion of the ground-fault circuit interrupter shall be such that jumper shall be installed in this conduit unless a listed low-
voltage lighting system not requiring grounding is used. Thethere is no shock hazard with any likely fault-condition

combination that involves a person in a conductive path from bonding jumper shall be terminated in the forming shell,
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junction box or transformer enclosure, or ground-fault cir- 680.23(B)(3) and be installed in accordance with the require-
ments of 680.23(B). Where connection to a forming shellcuit-interrupter enclosure. The termination of the 8 AWG

bonding jumper in the forming shell shall be covered with, is specified, the connection shall be to the mounting bracket.
or encapsulated in, a listed potting compound to protect the

(E) Through-Wall Lighting Assembly. A through-wallconnection from the possible deteriorating effect of pool
lighting assembly shall be equipped with a threaded entrywater.
or hub, or a nonmetallic hub, for the purpose of accommodat-

(3) Equipment Grounding Provisions for Cords. Wet- ing the termination of the supply conduit. A through-wall
niche luminaires (lighting fixtures) that are supplied by a lighting assembly shall meet the construction requirements
flexible cord or cable shall have all exposed non–current- of 680.23(B)(3) and be installed in accordance with the
carrying metal parts grounded by an insulated copper equip- requirements of 680.23. Where connection to a forming
ment grounding conductor that is an integral part of the cord shell is specified, the connection shall be to the conduit
or cable. This grounding conductor shall be connected to a termination point.
grounding terminal in the supply junction box, transformer

(F) Branch-Circuit Wiring.enclosure, or other enclosure. The grounding conductor shall
not be smaller than the supply conductors and not smaller

(1) Wiring Methods. Branch-circuit wiring on the supplythan 16 AWG.
side of enclosures and junction boxes connected to conduits
run to wet-niche and no-niche luminaires (fixtures), and the(4) Luminaire (Fixture) Grounding Terminations. The
field wiring compartments of dry-niche luminaires (fixtures),end of the flexible-cord jacket and the flexible-cord conduc-
shall be installed using rigid metal conduit, intermediatetor terminations within a luminaire (fixture) shall be covered
metal conduit, liquidtight flexible nonmetallic conduit, orwith, or encapsulated in, a suitable potting compound to
rigid nonmetallic conduit. Where installed on buildings,prevent the entry of water into the luminaire (fixture) through
electrical metallic tubing shall be permitted, and where in-the cord or its conductors. In addition, the grounding connec-
stalled within buildings, electrical nonmetallic tubing, Typetion within a luminaire (fixture) shall be similarly treated
MC cable, or electrical metallic tubing shall be permitted.to protect such connection from the deteriorating effect of

pool water in the event of water entry into the luminaire
Exception: Where connecting to transformers for pool(fixture).
lights, liquidtight flexible metal conduit or liquidtight flexible
nonmetallic conduit shall be permitted. The length shall not(5) Luminaire (Fixture) Bonding. The luminaire (fixture)
exceed 1.8 m (6 ft) for any one length or exceed 3.0 mshall be bonded to and secured to the forming shell by a
(10 ft) in total length used. Liquidtight flexible nonmetallicpositive locking device that ensures a low-resistance contact
conduit, Type B (LFNC-B), shall be permitted in lengthsand requires a tool to remove the luminaire (fixture) from the
longer than 1.8 m (6 ft).forming shell. Bonding shall not be required for luminaires

(fixtures) that are listed for the application and have no
(2) Equipment Grounding. Through-wall lighting assem-non–current-carrying metal parts.
blies, wet-niche, dry-niche, or no-niche luminaires (lighting

(6) Servicing. All luminaires shall be removable from the fixtures) shall be connected to an insulated copper equipment
water for relamping or normal maintenance. Luminaires grounding conductor installed with the circuit conductors.
shall be installed in such a manner that personnel can reach The equipment grounding conductor shall be installed with-
the luminaire for relamping, maintenance, or inspection out joint or splice except as permitted in (F)(2)(a) and
while on the deck or equivalently dry location. (F)(2)(b). The equipment grounding conductor shall be sized

in accordance with Table 250.122 but shall not be smaller
(C) Dry-Niche Luminaires (Fixtures). than 12 AWG.
(1) Construction. A dry-niche luminaire (lighting fixture)

Exception: An equipment grounding conductor between the
shall be provided with a provision for drainage of water

wiring chamber of the secondary winding of a transformer
and a means for accommodating one equipment grounding

and a junction box shall be sized in accordance with the
conductor for each conduit entry.

overcurrent device in this circuit.

(2) Junction Box. A junction box shall not be required but,
(a) If more than one underwater luminaire (lightingif used, shall not be required to be elevated or located as

fixture) is supplied by the same branch circuit, the equipmentspecified in 680.24(A)(2) if the luminaire (fixture) is specifi-
grounding conductor, installed between the junction boxes,cally identified for the purpose.
transformer enclosures, or other enclosures in the supply
circuit to wet-niche luminaires (fixtures), or between the(D) No-Niche Luminaires (Fixtures). A no-niche lumi-

naire (fixture) shall meet the construction requirements of field-wiring compartments of dry-niche luminaires (fix-
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tures), shall be permitted to be terminated on grounding the bottom of the box, above the ground level, or pool deck,
or not less than 200 mm (8 in.) above the maximum poolterminals.

(b) If the underwater luminaire (lighting fixture) is sup- water level, whichever provides the greater elevation.
(b) Horizontal Spacing. The junction box shall be lo-plied from a transformer, ground-fault circuit interrupter,

clock-operated switch, or a manual snap switch that is lo- cated not less than 1.2 m (4 ft) from the inside wall of the
pool, unless separated from the pool by a solid fence, wall,cated between the panelboard and a junction box connected

to the conduit that extends directly to the underwater lumi- or other permanent barrier.
(c) Flush Deck Box. If used on a lighting system op-naire (lighting fixture), the equipment grounding conductor

shall be permitted to terminate on grounding terminals on the erating at 15 volts or less, a flush deck box shall be permitted
if both of the following apply:transformer, ground-fault circuit interrupter, clock-operated

switch enclosure, or an outlet box used to enclose a snap
(1) An approved potting compound is used to fill the boxswitch.

to prevent the entrance of moisture.
(3) Conductors. Conductors on the load side of a ground- (2) The flush deck box is located not less than 1.2 m (4 ft)
fault circuit interrupter or of a transformer, used to comply from the inside wall of the pool.
with the provisions of 680.23(A)(8), shall not occupy race-

(B) Other Enclosures. An enclosure for a transformer,ways, boxes, or enclosures containing other conductors un-
ground-fault circuit interrupter, or a similar device connectedless one of the following conditions applies:
to a conduit that extends directly to a forming shell or

(1) The other conductors are protected by ground-fault cir- mounting bracket of a no-niche luminaire (fixture) shall
cuit interrupters. meet the requirements of this section.

(2) The other conductors are grounding conductors.
(1) Construction. The enclosure shall be listed and labeled(3) The other conductors are supply conductors to a feed-
for the purpose and meet the following requirements:through type ground-fault circuit interrupter.

(4) Ground-fault circuit interrupters shall be permitted in a (1) Equipped with threaded entries or hubs or a nonmetallic
panelboard that contains circuits protected by other than hub
ground-fault circuit interrupters. (2) Comprised of copper, brass, suitable plastic, or other

approved corrosion-resistant material
680.24 Junction Boxes and Enclosures for Transformers (3) Provided with an approved seal, such as duct seal at
or Ground-Fault Circuit Interrupters. the conduit connection, that prevents circulation of air

between the conduit and the enclosures(A) Junction Boxes. A junction box connected to a conduit
(4) Provided with electrical continuity between every con-that extends directly to a forming shell or mounting bracket

nected metal conduit and the grounding terminals byof a no-niche luminaire (fixture) shall meet the requirements
means of copper, brass, or other approved corrosion-of this section.
resistant metal that is integral with the box

(1) Construction. The junction box shall be listed as a
(2) Installation.swimming pool junction box and shall comply with the

following conditions:
(a) Vertical Spacing. The enclosure shall be located not

less than 100 mm (4 in.), measured from the inside of the(1) Be equipped with threaded entries or hubs or a nonme-
bottom of the box, above the ground level, or pool deck, ortallic hub
not less than 200 mm (8 in.) above the maximum pool water(2) Be comprised of copper, brass, suitable plastic, or other
level, whichever provides the greater elevation.approved corrosion-resistant material

(b) Horizontal Spacing. The enclosure shall be located(3) Be provided with electrical continuity between every
not less than 1.2 m (4 ft) from the inside wall of the pool,connected metal conduit and the grounding terminals
unless separated from the pool by a solid fence, wall, orby means of copper, brass, or other approved corrosion-
other permanent barrier.resistant metal that is integral with the box

(C) Protection. Junction boxes and enclosures mounted(2) Installation. Where the luminaire (fixture) operates
above the grade of the finished walkway around the poolover 15 volts, the junction box location shall comply with
shall not be located in the walkway unless afforded additional(A)(2)(a) and (A)(2)(b). Where the luminaire (fixture) oper-
protection, such as by location under diving boards, adjacentates at less than 15 volts, the junction box location shall be
to fixed structures, and the like.permitted to comply with (A)(2)(c).

(D) Grounding Terminals. Junction boxes, transformer(a) Vertical Spacing. The junction box shall be located
not less than 100 mm (4 in.), measured from the inside of enclosures, and ground-fault circuit-interrupter enclosures
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connected to a conduit that extends directly to a forming equipment branch circuits, or feeders supplying swimming
pool equipment branch circuits, if the grounding arrange-shell or mounting bracket of a no-niche luminaire (fixture)

shall be provided with a number of grounding terminals that ments in the separate building meet the requirements in
250.32(B)(1). Where installed in other than existing feedersshall be no fewer than one more than the number of conduit

entries. covered in 680.25(A), Exception, a separate equipment
grounding conductor shall be an insulated conductor.

(E) Strain Relief. The termination of a flexible cord of an
underwater luminaire (lighting fixture) within a junction 680.26 Equipotential Bonding.
box, transformer enclosure, ground-fault circuit interrupter,

(A) Performance. The equipotential bonding required byor other enclosure shall be provided with a strain relief.
this section shall be installed to eliminate voltage gradients

(F) Grounding. The junction box, transformer enclosure, in the pool area as prescribed.
or other enclosure in the supply circuit to a wet-niche or

FPN: The 8 AWG or larger solid copper bonding conductorno-niche luminaire (lighting fixture) and the field-wiring
shall not be required to be extended or attached to any remotechamber of a dry-niche luminaire (lighting fixture) shall
panelboard, service equipment, or any electrode.

be grounded to the equipment grounding terminal of the
panelboard. This terminal shall be directly connected to the (B) Bonded Parts. The parts specified in 680.26(B)(1)
panelboard enclosure. through (B)(5) shall be bonded together.

(1) Metallic Structural Components. All metallic parts680.25 Feeders. These provisions shall apply to any feeder
of the pool structure, including the reinforcing metal of theon the supply side of panelboards supplying branch circuits
pool shell, coping stones, and deck, shall be bonded. Thefor pool equipment covered in Part II of this article and on
usual steel tie wires shall be considered suitable for bondingthe load side of the service equipment or the source of a
the reinforcing steel together, and welding or special clamp-separately derived system.
ing shall not be required. These tie wires shall be made

(A) Wiring Methods. Feeders shall be installed in rigid tight. If reinforcing steel is effectively insulated by an encap-
metal conduit, intermediate metal conduit, liquidtight flexi- sulating nonconductive compound at the time of manufac-
ble nonmetallic conduit, or rigid nonmetallic conduit. Elec- ture and installation, it shall not be required to be bonded.
trical metallic tubing shall be permitted where installed on Where reinforcing steel of the pool shell or the reinforcing
or within a building, and electrical nonmetallic tubing shall steel of coping stones and deck is encapsulated with a non-
be permitted where installed within a building. conductive compound or another conductive material is not

available, provisions shall be made for an alternative meansException: An existing feeder between an existing remote
to eliminate voltage gradients that would otherwise be pro-panelboard and service equipment shall be permitted to run
vided by unencapsulated, bonded reinforcing steel.in flexible metal conduit or an approved cable assembly that

includes an equipment grounding conductor within its outer
(2) Underwater Lighting. All metal forming shells and

sheath. The equipment grounding conductor shall comply
mounting brackets of no-niche luminaires (fixtures) shall be

with 250.24(A)(5).
bonded unless a listed low-voltage lighting system with
nonmetallic forming shells not requiring bonding is used.(B) Grounding. An equipment grounding conductor shall

be installed with the feeder conductors between the ground-
(3) Metal Fittings. All metal fittings within or attached toing terminal of the pool equipment panelboard and the
the pool structure shall be bonded. Isolated parts that aregrounding terminal of the applicable service equipment or
not over 100 mm (4 in.) in any dimension and do not pene-source of a separately derived system. For other than (1)
trate into the pool structure more than 25 mm (1 in.) shallexisting feeders covered in 680.25(A), Exception, or (2)
not require bonding.feeders to separate buildings that do not utilize an insulated

equipment grounding conductor in accordance with (4) Electrical Equipment. Metal parts of electrical equip-
680.25(B)(2), this equipment grounding conductor shall be ment associated with the pool water circulating system, in-
insulated. cluding pump motors and metal parts of equipment

associated with pool covers, including electric motors, shall(1) Size. This conductor shall be sized in accordance with
be bonded. Accessible metal parts of listed equipment incor-250.122 but not smaller than 12 AWG. On separately derived
porating an approved system of double insulation and pro-systems, this conductor shall be sized in accordance with
viding a means for grounding internal nonaccessible,Table 250.66 but not smaller than 8 AWG.
non–current-carrying metal parts shall not be bonded by a
direct connection to the equipotential bonding grid. The(2) Separate Buildings. A feeder to a separate building

or structure shall be permitted to supply swimming pool means for grounding internal nonaccessible, non–current
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carrying metal parts shall be an equipment grounding con- extending 1 m (3 ft) horizontally from the inside
walls of the pool. The equipotential bonding gridductor run with the power-supply conductors in the case of

motors supplied with a flexible cord, or a grounding terminal shall be arranged in a 300 mm (12 in.) by 300 mm
(12 in.) network of conductors in a uniformly spacedin the case of motors intended for permanent connection.

Where a double-insulated water-pump motor is installed perpendicular grid pattern with tolerance of 100 mm
(4 in.).under the provisions of this rule, a solid 8 AWG copper

conductor that is of sufficient length to make a bonding c. Securing. The below-grade grid shall be secured
within or under the pool and deck media.connection to a replacement motor shall be extended from

the bonding grid to an accessible point in the motor vicinity.
(D) Connections. Where structural reinforcing steel or theWhere there is no connection between the swimming pool
walls of bolted or welded metal pool structures are used asbonding grid and the equipment grounding system for the
an equipotential bonding grid for nonelectrical parts, thepremises, this bonding conductor shall be connected to the
connections shall be made in accordance with 250.8.equipment grounding conductor of the motor circuit.
(E) Pool Water Heaters. For pool water heaters rated at

(5) Metal Wiring Methods and Equipment. Metal- more than 50 amperes and having specific instructions re-
sheathed cables and raceways, metal piping, and all fixed garding bonding and grounding, only those parts designated
metal parts that are within the following distances of the to be bonded shall be bonded and only those parts designated
pool, except those separated from the pool by a permanent to be grounded shall be grounded.
barrier, shall be bonded.

680.27 Specialized Pool Equipment.(1) Within 1.5 m (5 ft) horizontally of the inside walls of
the pool (A) Underwater Audio Equipment. All underwater audio

(2) Within 3.7 m (12 ft) measured vertically above the equipment shall be identified for the purpose.
maximum water level of the pool, or any observation

(1) Speakers. Each speaker shall be mounted in an ap-stands, towers, or platforms, or any diving structures
proved metal forming shell, the front of which is enclosed
by a captive metal screen, or equivalent, that is bonded to,(C) Equipotential Bonding Grid. The parts specified in
and secured to, the forming shell by a positive locking device680.26(B) shall be connected to an equipotential bonding
that ensures a low-resistance contact and requires a tool togrid with a solid copper conductor, insulated, covered, or
open for installation or servicing of the speaker. The formingbare, not smaller than 8 AWG or rigid metal conduit of
shell shall be installed in a recess in the wall or floor of thebrass or other identified corrosion-resistant metal conduit.
pool.Connection shall be made by exothermic welding or by

listed pressure connectors or clamps that are labeled as being
(2) Wiring Methods. Rigid metal conduit or intermediate

suitable for the purpose and are of stainless steel, brass,
metal conduit of brass or other identified corrosion-resistant

copper, or copper alloy. The equipotential bonding grid shall
metal, liquidtight flexible nonmetallic conduit (LFNC-B),

extend under paved walking surfaces for 1 m (3 ft) horizon-
or rigid nonmetallic conduit shall extend from the forming

tally beyond the inside walls of the pool and shall be permit-
shell to a listed junction box or other enclosure as provided

ted to be any of the following:
in 680.24. Where rigid nonmetallic conduit or liquidtight
flexible nonmetallic conduit is used, an 8 AWG insulated

(1) Structural Reinforcing Steel. The structural reinforcing
solid or stranded copper bonding jumper shall be installed

steel of a concrete pool where the reinforcing rods are
in this conduit. The bonding jumper shall be terminated in

bonded together by the usual steel tie wires or the equiva-
the forming shell and the junction box. The termination of

lent
the 8 AWG bonding jumper in the forming shell shall be
covered with, or encapsulated in, a listed potting compound(2) Bolted or Welded Metal Pools. The wall of a bolted or
to protect such connection from the possible deterioratingwelded metal pool
effect of pool water.

(3) Alternate Means. This system shall be permitted to be
constructed as specified in (a) through (c): (3) Forming Shell and Metal Screen. The forming shell
a. Materials and Connections. The grid shall be con- and metal screen shall be of brass or other approved corro-

structed of minimum 8 AWG bare solid copper con- sion-resistant metal. All forming shells shall include provi-
ductors. Conductors shall be bonded to each other at sions for terminating an 8 AWG copper conductor.
all points of crossing. Connections shall be made as

(B) Electrically Operated Pool Covers.required by 680.26(D).
b. Grid Structure. The equipotential bonding grid shall (1) Motors and Controllers. The electric motors, control-

lers, and wiring shall be located not less than 1.5 m (5 ft)cover the contour of the pool and the pool deck
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from the inside wall of the pool unless separated from the flexible cord that is properly terminated in a grounding-type
attachment plug having a fixed grounding contact member.pool by a wall, cover, or other permanent barrier. Electric

motors installed below grade level shall be of the totally
680.32 Ground-Fault Circuit Interrupters Required.enclosed type. The device that controls the operation of the
All electrical equipment, including power-supply cords, usedmotor for an electrically operated pool cover shall be located
with storable pools shall be protected by ground-fault circuitsuch that the operator has full view of the pool.
interrupters.

FPN No. 1: For cabinets installed in damp and wet locations, All 125-volt receptacles located within 6.0 m (20 ft) of
see 312.2(A). the inside walls of a storable pool shall be protected by a

ground-fault circuit interrupter. In determining these dimen-FPN No. 2: For switches or circuit breakers installed in wet
sions, the distance to be measured shall be the shortest pathlocations, see 404.4.
the supply cord of an appliance connected to the receptacle

FPN No. 3: For protection against liquids, see 430.11 in the would follow without piercing a floor, wall, ceiling, doorway
NEC. with hinged or sliding door, window opening, or other effec-

tive permanent barrier.
(2) Protection. The electric motor and controller shall be

FPN: For flexible cord usage, see 400.4 in the NEC.connected to a circuit protected by a ground-fault circuit
interrupter.

680.33 Luminaires (Lighting Fixtures). An underwater
luminaire (lighting fixture), if installed, shall be installed in(C) Deck Area Heating. These provisions of this section
or on the wall of the storable pool. It shall comply withshall apply to all pool deck areas, including a covered pool,
either 680.33(A) or 680.33(B).where electrically operated comfort heating units are in-

stalled within 6.0 m (20 ft) of the inside wall of the pool.
(A) 15 Volts or Less. A luminaire (lighting fixture) shall
be part of a cord-and-plug-connected lighting assembly. This(1) Unit Heaters. Unit heaters shall be rigidly mounted to
assembly shall be listed as an assembly for the purpose andthe structure and shall be of the totally enclosed or guarded
have the following construction features:types. Unit heaters shall not be mounted over the pool or

within the area extending 1.5 m (5 ft) horizontally from the (1) No exposed metal parts
inside walls of a pool. (2) A luminaire (fixture) lamp that operates at 15 volts or

less
(2) Permanently Wired Radiant Heaters. Radiant elec- (3) An impact-resistant polymeric lens, luminaire (fixture)
tric heaters shall be suitably guarded and securely fastened body, and transformer enclosure
to their mounting device(s). Heaters shall not be installed (4) A transformer meeting the requirements of
over a pool or within the area extending 1.5 m (5 ft) horizon- 680.23(A)(2) with a primary rating not over 150 volts
tally from the inside walls of the pool and shall be mounted

(B) Over 15 Volts But Not Over 150 Volts. A lightingat least 3.7 m (12 ft) vertically above the pool deck unless
assembly without a transformer and with the luminaire (fix-otherwise approved.
ture) lamp(s) operating at not over 150 volts shall be permit-

(3) Radiant Heating Cables Not Permitted. Radiant heat- ted to be cord-and-plug connected where the assembly is
ing cables embedded in or below the deck shall not be listed as an assembly for the purpose. The installation shall
permitted. comply with 680.23(A)(5), and the assembly shall have the

following construction features:

(1) No exposed metal partsIII. Storable Pools
(2) An impact-resistant polymeric lens and luminaire (fix-

680.30 General. Electrical installations at storable pools ture) body
shall comply with the provisions of Part I and Part III of (3) A ground-fault circuit interrupter with open neutral pro-
this article. tection as an integral part of the assembly

(4) The luminaire (fixture) lamp permanently connected to
680.31 Pumps. A cord-connected pool filter pump shall the ground-fault circuit interrupter with open-neutral
incorporate an approved system of double insulation or its protection
equivalent and shall be provided with means for grounding (5) Compliance with the requirements of 680.23(A)
only the internal and nonaccessible non–current-carrying
metal parts of the appliance. 680.34 Receptacle Locations. Receptacles shall not be

less than 3.0 m (10 ft) from the inside walls of a pool. InThe means for grounding shall be an equipment ground-
ing conductor run with the power-supply conductors in the determining these dimensions, the distance to be measured
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680.43 Indoor Installations. A spa or hot tub installedshall be the shortest path the supply cord of an appliance
connected to the receptacle would follow without piercing indoors shall comply with the provisions of Parts I and II

of this article except as modified by this section and shalla floor, wall, ceiling, doorway with hinged or sliding door,
window opening, or other effective permanent barrier. be connected by the wiring methods of Chapter 3.

Exception: Listed spa and hot tub packaged units rated
IV. Spas and Hot Tubs 20 amperes or less shall be permitted to be cord-and-plug

connected to facilitate the removal or disconnection of the680.40 General. Electrical installations at spas and hot tubs
unit for maintenance and repair.shall comply with the provisions of Part I and Part IV of

this article.
(A) Receptacles. At least one 125-volt, 15- or 20-ampere
receptacle on a general-purpose branch circuit shall be lo-680.41 Emergency Switch for Spas and Hot Tubs. A
cated not less than 1.5 m (5 ft) from, and not exceeding 3.0clearly labeled emergency shutoff or control switch for the
m (10 ft) from, the inside wall of the spa or hot tub.purpose of stopping the motor(s) that provide power to the

recirculation system and jet system shall be installed at a
(1) Location. Receptacles shall be located at least 1.5 mpoint readily accessible to the users and not less than 1.5 m
(5 ft) measured horizontally from the inside walls of the spa(5 ft) away, adjacent to, and within sight of the spa or
or hot tub.hot tub. This requirement shall not apply to single-family

dwellings.
(2) Protection, General. Receptacles rated 125 volts and
30 amperes or less and located within 3.0 m (10 ft) of the680.42 Outdoor Installations. A spa or hot tub installed
inside walls of a spa or hot tub shall be protected by aoutdoors shall comply with the provisions of Parts I and II
ground-fault circuit interrupter.of this article, except as permitted in 680.42(A) and

680.42(B), that would otherwise apply to pools installed
(3) Protection, Spa or Hot Tub Supply Receptacle. Re-outdoors.
ceptacles that provide power for a spa or hot tub shall be
ground-fault circuit-interrupter protected.(A) Flexible Connections. Listed packaged spa or hot tub

equipment assemblies or self-contained spas or hot tubs
(4) Measurements. In determining the dimensions in thisutilizing a factory-installed or assembled control panel or
section addressing receptacle spacings, the distance to bepanelboard shall be permitted to use flexible connections as
measured shall be the shortest path the supply cord of ancovered in 680.42(A)(1) and (A)(2).
appliance connected to the receptacle would follow without

(1) Flexible Conduit. Liquidtight flexible metal conduit or piercing a floor, wall, ceiling, doorway with hinged or sliding
liquidtight flexible nonmetallic conduit shall be permitted door, window opening, or other effective permanent barrier.
in lengths of not more than 1.8 m (6 ft).

(B) Installation of Luminaires (Lighting Fixtures),(2) Cord-and-Plug Connections. Cord-and-plug connec-
Lighting Outlets, and Ceiling-Suspended (Paddle) Fans.tions with a cord not longer than 4.6 m (15 ft) shall be

permitted where protected by a ground-fault circuit inter- (1) Elevation. Luminaires (lighting fixtures), except as
rupter. covered in 680.43(B)(2), lighting outlets, and ceiling-sus-

pended (paddle) fans located over the spa or hot tub or(B) Bonding. Bonding by metal-to-metal mounting on a
within 1.5 m (5 ft) from the inside walls of the spa or hotcommon frame or base shall be permitted. The metal bands
tub shall comply with the clearances specified in (B)(1)(a),or hoops used to secure wooden staves shall not be required
(B)(1)(b), and (B)(1)(c) above the maximum water level.to be bonded as required in 680.26.

(a) Without GFCI. Where no GFCI protection is pro-(C) Interior Wiring to Outdoor Installations. In the inte-
rior of a one-family dwelling or in the interior of another vided, the mounting height shall be not less than 3.7 m

(12 ft).building or structure associated with a one-family dwelling,
any of the wiring methods recognized in Chapter 3 of this (b) With GFCI. Where GFCI protection is provided,

the mounting height shall be permitted to be not less thanCode that contain a copper equipment grounding conductor
that is insulated or enclosed within the outer sheath of the 2.3 m (7 ft 6 in.).

(c) Below 2.3 m (7 ft 6 in.). Luminaires (lighting fix-wiring method and not smaller than 12 AWG shall be permit-
ted to be used for the connection to motor, heating, and tures) meeting the requirements of item (1) or (2) and pro-

tected by a ground-fault circuit interrupter shall be permittedcontrol loads that are part of a self-contained spa or hot tub
or a packaged spa or hot tub equipment assembly. Wiring to be installed less than 2.3 m (7 ft 6 in.) over a spa or hot

tub:to an underwater light shall comply with 680.23 or 680.33.
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(1) Recessed luminaires (fixtures) with a glass or plastic (2) All electric equipment associated with the circulating
system of the spa or hot tublens, nonmetallic or electrically isolated metal trim, and

suitable for use in damp locations
(G) Underwater Audio Equipment. Underwater audio(2) Surface-mounted luminaires (fixtures) with a glass or
equipment shall comply with the provisions of Part II ofplastic globe, a nonmetallic body, or a metallic body
this article.isolated from contact, and suitable for use in damp

locations
680.44 Protection. Except as otherwise provided in this
section, the outlet(s) that supplies a self-contained spa or(2) Underwater Applications. Underwater luminaires
hot tub, a packaged spa or hot tub equipment assembly, or(lighting fixtures) shall comply with the provisions of 680.23
a field-assembled spa or hot tub shall be protected by aor 680.33.
ground-fault circuit interrupter.

(C) Wall Switches. Switches shall be located at least 1.5
(A) Listed Units. If so marked, a listed self-contained unitm (5 ft), measured horizontally, from the inside walls of the
or listed packaged equipment assembly that includes integralspa or hot tub.
ground-fault circuit-interrupter protection for all electrical

(D) Bonding. The following parts shall be bonded together: parts within the unit or assembly (pumps, air blowers, heat-
ers, lights, controls, sanitizer generators, wiring, and so forth)(1) All metal fittings within or attached to the spa or hot
shall be permitted without additional GFCI protection.tub structure

(2) Metal parts of electrical equipment associated with the (B) Other Units. A field assembled spa or hot tub rated 3
spa or hot tub water circulating system, including pump phase or rated over 250 volts or with a heater load of more
motors than 50 amperes shall not require the supply to be protected

(3) Metal conduit and metal piping that are within 1.5 m by a ground-fault circuit interrupter.
(5 ft) of the inside walls of the spa or hot tub and that

(C) Combination Pool and Spa or Hot Tub. A combina-are not separated from the spa or hot tub by a permanent
tion pool/hot tub or spa assembly commonly bonded needbarrier
not be protected by a ground-fault circuit interrupter.(4) All metal surfaces that are within 1.5 m (5 ft) of the

inside walls of the spa or hot tub and that are not FPN: See 680.2 for definitions of self-contained spa or hot
separated from the spa or hot tub area by a permanent tub and for packaged spa or hot tub equipment assembly.
barrier

VII. Hydromassage BathtubsException: Small conductive surfaces not likely to become
energized, such as air and water jets and drain fittings, 680.70 General. Hydromassage bathtubs as defined in
where not connected to metallic piping, towel bars, mirror 680.2 shall comply with Part VII of this article. They shall
frames, and similar nonelectrical equipment, shall not be not be required to comply with other parts of this article.
required to be bonded.

680.71 Protection. Hydromassage bathtubs and their asso-(5) Electrical devices and controls that are not associated
ciated electrical components shall be protected by a ground-with the spas or hot tubs and that are located not less
fault circuit interrupter. All 125-volt, single-phase recepta-than 1.5 m (5 ft) from such units; otherwise they shall
cles not exceeding 30 amperes and located within 1.5 m (5be bonded to the spa or hot tub system
ft) measured horizontally of the inside walls of a hydromas-

(E) Methods of Bonding. All metal parts associated with sage tub shall be protected by a ground-fault circuit interrupt-
the spa or hot tub shall be bonded by any of the following er(s).
methods:

680.72 Other Electrical Equipment. Luminaires (lighting
(1) The interconnection of threaded metal piping and fit- fixtures), switches, receptacles, and other electrical equip-

tings ment located in the same room, and not directly associated
(2) Metal-to-metal mounting on a common frame or base with a hydromassage bathtub, shall be installed in accord-
(3) The provisions of a copper bonding jumper, insulated, ance with the requirements of Chapters 1 through 4 in this

covered, or bare, not smaller than 8 AWG solid. Code covering the installation of that equipment in bath-
rooms.(F) Grounding. The following equipment shall be

grounded:
680.73 Accessibility. Hydromassage bathtub electrical
equipment shall be accessible without damaging the building(1) All electric equipment located within 1.5 m (5 ft) of

the inside wall of the spa or hot tub structure or building finish.
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680.74 Bonding. All metal piping systems and all
ARTICLE 692grounded metal parts in contact with the circulating water

shall be bonded together using a copper bonding jumper, Fuel Cell Systems
insulated, covered, or bare, not smaller than 8 AWG solid.

Installations shall conform to the requirements of Article
692 of the 2005 National Electrical Code (NFPA 70-2005).ARTICLE 690

Solar Photovoltaic Systems

Installations shall conform to the requirements of Article
690 of the 2005 National Electrical Code (NFPA 70-2005).
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70A–151ARTICLE 702 — Optional Standby Systems

Chapter 7 Special Conditions

tion systems installed to permit operation in parallel with
ARTICLE 702 the normal source shall meet the requirements of Article

705 in the NEC.Optional Standby Systems
Transfer equipment, located on the load side of branch

circuit protection, shall be permitted to contain supplemen-
tary overcurrent protection having an interrupting rating suf-I. General
ficient for the available fault current that the generator can

702.1 Scope. The provisions of this article apply to the deliver. The supplementary overcurrent protection devices
installation and operation of optional standby systems. shall be part of a listed transfer equipment.

The systems covered by this article consist of those that Transfer equipment shall be required for all standby
are permanently installed in their entirety, including prime systems subject to the provisions of this article and for which
movers, and those that are arranged for a connection to a an electric-utility supply is either the normal or standby
premises wiring system from a portable alternate power source.
supply.

702.7 Signals. Audible and visual signal devices shall be
702.2 Definition. provided, where practicable, for the following purposes.

Optional Standby Systems. Those systems intended to (1) Derangement. To indicate derangement of the optional
supply power to public or private facilities or property where standby source.
life safety does not depend on the performance of the system.

(2) Carrying Load. To indicate that the optional standbyOptional standby systems are intended to supply on-site
source is carrying load.generated power to selected loads either automatically or

manually. Exception: Signals shall not be required for portable
standby power sources.FPN: Optional standby systems are typically installed to

provide an alternate source of electric power for such facili-
ties as industrial and commercial buildings, farms, and resi- 702.8 Signs.
dences and to serve loads such as heating and refrigeration

(A) Standby. A sign shall be placed at the service-entrancesystems, data processing and communications systems, and
industrial processes that, when stopped during any power equipment that indicates the type and location of on-site
outage, could cause discomfort, serious interruption of the optional standby power sources. A sign shall not be required
process, damage to the product or process, or the like.

for individual unit equipment for standby illumination.

(B) Grounding. Where the grounded circuit conductor702.3 Application of Other Articles. Except as modified
connected to the optional standby power source is connectedby this article, all applicable articles of this Code shall apply.
to a grounding electrode conductor at a location remote from
the optional standby power source, there shall be a sign at702.4 Equipment Approval. All equipment shall be ap-
the grounding location that shall identify all optional standbyproved for the intended use.
power and normal sources connected at that location.

702.5 Capacity and Rating. An optional standby system
shall have adequate capacity and rating for the supply of all II. Circuit Wiring
equipment intended to be operated at one time. Optional

702.9 Wiring Optional Standby Systems. The optionalstandby system equipment shall be suitable for the maximum
standby system wiring shall be permitted to occupy the sameavailable fault current at its terminals. The user of the op-
raceways, cables, boxes, and cabinets with other generaltional standby system shall be permitted to select the load
wiring.connected to the system.

702.6 Transfer Equipment. Transfer equipment shall be III. Grounding
suitable for the intended use and designed and installed so

702.10 Portable Generator Grounding.
as to prevent the inadvertent interconnection of normal and
alternate sources of supply in any operation of the transfer (A) Separately Derived System. Where a portable op-

tional standby source is used as a separately derived system,equipment. Transfer equipment and electric power produc-
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70A–152 ARTICLE 725 — CLASS 1, CLASS 2, AND CLASS 3 REMOTE-CONTROL, SIGNALING, AND POWER-LIMITED CIRCUITS

it shall be grounded to a grounding electrode in accordance considers safety from a fire initiation standpoint. Since
higher levels of voltage and current than for Class 2 arewith 250.30 in the NEC.
permitted, additional safeguards are specified to provide

(B) Nonseparately Derived System. Where a portable op- protection from an electric shock hazard that could be en-
tional standby source is used as a nonseparately derived countered.
system, the equipment grounding conductor shall be bonded
to the system grounding electrode. 725.3 Other Articles. Circuits and equipment shall comply

with the articles or sections listed in 725.3(A) through
725.3(C). Only those sections of Article 300 referenced inIV. Sources of Power
this article shall apply to Class 1, Class 2, and Class 3

702.11 Outdoor Generator Sets. Where an outdoor circuits.
housed generator set is equipped with a readily accessible

(A) Number and Size of Conductors in Raceway. Sectiondisconnecting means located within sight of the building or
300.17.structure supplied, an additional disconnecting means shall

not be required where ungrounded conductors serve or pass
(B) Spread of Fire or Products of Combustion. Sectionthrough the building or structure.
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.ARTICLE 725
Class 1, Class 2, and Class 3 circuits installed in ducts,Class 1, Class 2, and Class 3 Remote-Control,
plenums, or other space used for environmental air shallSignaling, and Power-Limited Circuits
comply with 300.22. Type CL2P or CL3P cables and plenum
signaling raceways shall be permitted for Class 2 and Class
3 circuits installed in other spaces used for environmental

I. General
air.

725.1 Scope. This article covers remote-control, signaling,
and power-limited circuits that are not an integral part of a 725.7 Access to Electrical Equipment Behind Panels De-
device or appliance. signed to Allow Access. Access to electrical equipment

shall not be denied by an accumulation of wires and cables
FPN: The circuits described herein are characterized by

that prevents removal of panels, including suspended ceilingusage and electrical power limitations that differentiate them
panels.from electric light and power circuits; therefore, alternative

requirements to those of Chapters 1 through 4 are given with
regard to minimum wire sizes, derating factors, overcurrent 725.8 Mechanical Execution of Work. Class 1, Class 2,
protection, insulation requirements, and wiring methods and and Class 3 circuits shall be installed in a neat and workman-materials.

like manner. Cables and conductors installed exposed on the
surface of ceilings and sidewalls shall be supported by the

725.2 Definitions.
building structure in such a manner that the cable will not
be damaged by normal building use. Such cables shall beAbandoned Class 2, Class 3, and PLTC Cable. Installed
supported by straps, staples, hangers, or similar fittings de-Class 2, Class 3, and PLTC cable that is not terminated at
signed and installed so as not to damage the cable. Theequipment and not identified for future use with a tag.
installation shall also conform with 300.4(D).

Class 1 Circuit. The portion of the wiring system between
the load side of the overcurrent device or power-limited 725.10 Class 1, Class 2, and Class 3 Circuit Identifica-
supply and the connected equipment. The voltage and power tion. Class 1, Class 2, and Class 3 circuits shall be identified
limitations of the source are in accordance with 725.21.

at terminal and junction locations, in a manner that prevents
unintentional interference with other circuits during testingClass 2 Circuit. The portion of the wiring system between
and servicing.the load side of a Class 2 power source and the connected

equipment. Due to its power limitations, a Class 2 circuit
considers safety from a fire initiation standpoint and provides 725.11 Safety-Control Equipment.
acceptable protection from electric shock.

(A) Remote-Control Circuits. Remote-control circuits for
safety-control equipment shall be classified as Class 1 if theClass 3 Circuit. The portion of the wiring system between

the load side of a Class 3 power source and the connected failure of the equipment to operate introduces a direct fire or
life hazard. Room thermostats, water temperature regulatingequipment. Due to its power limitations, a Class 3 circuit
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70A–153ARTICLE 725 — CLASS 1, CLASS 2, AND CLASS 3 REMOTE-CONTROL, SIGNALING, AND POWER-LIMITED CIRCUITS

devices, and similar controls used in conjunction with electri- III. Class 2 and Class 3 Circuits
cally controlled household heating and air conditioning shall

725.41 Power Sources for Class 2 and Class 3 Circuits.
not be considered safety-control equipment.

(A) Power Source. The power source for a Class 2 or a
(B) Physical Protection. Where damage to remote-control

Class 3 circuit shall be as specified in 725.41(A)(1), (A)(2),
circuits of safety control equipment would introduce a haz-

(A)(3), (A)(4), or 725.41(A)(5) in the NEC:
ard, as covered in 725.11(A), all conductors of such remote-
control circuits shall be installed in rigid metal conduit, FPN No. 2: Table 11(A) and Table 11(B) in Chapter 9 in

the NEC provide the requirements for listed Class 2 andintermediate metal conduit, rigid nonmetallic conduit, elec-
Class 3 power sources.trical metallic tubing, Type MI cable, Type MC cable, or be

otherwise suitably protected from physical damage.
(1) A listed Class 2 or Class 3 transformer
(2) A listed Class 2 or Class 3 power supply725.15 Class 1, Class 2, and Class 3 Circuit Require-
(3) Other listed equipment marked to identify the Class 2ments. A remote-control, signaling, or power-limited cir-

or Class 3 power sourcecuit shall comply with the following parts of this article:

Exception No. 2: Limited power circuits of listed equipment(1) Class 1 Circuits: Parts I and II
where these circuits have energy levels rated at or below(2) Class 2 and Class 3 Circuits: Parts I and III
the limits established in Chapter 9, Table 11(A) and Table
11(B) in the NEC.

II. Class 1 Circuits
(4) Listed information technology (computer) equipment

725.21 Class 1 Circuit Classifications and Power Source limited power circuits.
Requirements. Class 1 circuits shall be classified as either
Class 1 power-limited circuits where they comply with the (B) Interconnection of Power Sources. Class 2 or Class
power limitations of 725.21(A) or as Class 1 remote-control 3 power sources shall not have the output connections paral-
and signaling circuits where they are used for remote-control leled or otherwise interconnected unless listed for such inter-
or signaling purposes and comply with the power limitations connection.
of 725.21(B).

725.52 Wiring Methods and Materials on Load Side of(A) Class 1 Power-Limited Circuits. These circuits shall
the Class 2 or Class 3 Power Source. Class 2 and Classbe supplied from a source that has a rated output of not
3 circuits on the load side of the power source shall bemore than 30 volts and 1000 volt-amperes.
permitted to be installed using wiring methods and materials

(1) Class 1 Transformers. Transformers used to supply in accordance with either 725.52(A) or 725.52(B).
power-limited Class 1 circuits shall comply with the applica-
ble sections within Parts I and II of Article 450 in the NEC. (A) Class 1 Wiring Methods and Materials. Installation

shall be in accordance with 725.25.
(2) Other Class 1 Power Sources. Power sources other
than transformers shall be protected by overcurrent devices (B) Class 2 and Class 3 Wiring Methods. Conductors on
rated at not more than 167 percent of the volt-ampere rating the load side of the power source shall be insulated at not
of the source divided by the rated voltage. The overcurrent less than the requirements of 725.82 in the NEC and shall
devices shall not be interchangeable with overcurrent de- be installed in accordance with 725.55, 725.56, 725.58, and
vices of higher ratings. The overcurrent device shall be 725.61.
permitted to be an integral part of the power supply.

725.55 Separation from Electric Light, Power, Class 1,(B) Class 1 Remote-Control and Signaling Circuits.
Non–Power-Limited Fire Alarm Circuit Conductors, andThese circuits shall not exceed 600 volts. The power output
Medium Power Network-Powered Broadband Commu-of the source shall not be required to be limited.
nications Cables.

725.25 Class 1 Circuit Wiring Methods. Class 1 circuits (A) General. Cables and conductors of Class 2 and Class
shall be installed in accordance with Part I of Article 300

3 circuits shall not be placed in any cable, cable tray, com-
and with the wiring methods from the appropriate articles

partment, enclosure, manhole, outlet box, device box, race-
in Chapter 3.

way, or similar fitting with conductors of electric light,
power, Class 1, non–power-limited fire alarm circuits, andException No. 1: The provisions of 725.26 through 725.28

in the NEC shall be permitted to apply in installations of medium power network-powered broadband communica-
tions circuits unless permitted by 725.55(D) and 725.55(J).Class 1 circuits.
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70A–154 ARTICLE 725 — CLASS 1, CLASS 2, AND CLASS 3 REMOTE-CONTROL, SIGNALING, AND POWER-LIMITED CIRCUITS

(1) Classified as Communications Circuits. Class 2 and(D) Associated Systems Within Enclosures. Class 2 and
Class 3 circuit conductors in compartments, enclosures, de- Class 3 circuit conductors shall be permitted in the same

cable with communications circuits, in which case the Classvice boxes, outlet boxes, or similar fittings shall be permitted
to be installed with electric light, power, Class 1, non–power- 2 and Class 3 circuits shall be classified as communications

circuits and shall be installed in accordance with the require-limited fire alarm, and medium power network-powered
broadband communications circuits where they are intro- ments of Article 800. The cables shall be listed as communi-

cations cables or multipurpose cables.duced solely to connect the equipment connected to Class
2 and Class 3 circuits, and where (1) or (2) applies:

725.58 Support of Conductors. Class 2 or Class 3 circuit
conductors shall not be strapped, taped, or attached by any(1) The electric light, power, Class 1, non–power-limited
means to the exterior of any conduit or other raceway as afire alarm, and medium power network-powered broad-
means of support. These conductors shall be permitted toband communications circuit conductors are routed to
be installed as permitted by 300.11(B)(2).maintain a minimum of 6 mm (0.25 in.) separation from

the conductors and cables of Class 2 and Class 3 circuits.
725.61 Applications of Listed Class 2, Class 3, and PLTC

(2) The circuit conductors operate at 150 volts or less to
Cables. Class 2, Class 3, and PLTC cables shall comply

ground and also comply with one of the following:
with any of the requirements described in 725.61(A), (B),

a. The Class 2 and Class 3 circuits are installed using
(E), and (G).

Type CL3, CL3R, or CL3P or permitted substitute
cables, provided these Class 3 cable conductors ex- (A) Plenums. Cables installed in ducts, plenums, and other
tending beyond the jacket are separated by a mini- spaces used for environmental air shall be Type CL2P or
mum of 6 mm (0.25 in.) or by a nonconductive sleeve CL3P. Listed wires and cables installed in compliance with
or nonconductive barrier from all other conductors. 300.22 shall be permitted. Listed plenum signaling raceways

b. The Class 2 and Class 3 circuit conductors are in- shall be permitted to be installed in other spaces used for
stalled as a Class 1 circuit in accordance with 725.21. environmental air as described in 300.22(C). Only Type

CL2P or CL3P cable shall be permitted to be installed in
(J) Other Applications. For other applications, conductors

these raceways.
of Class 2 and Class 3 circuits shall be separated by at least
50 mm (2 in.) from conductors of any electric light, power, (B) Riser. Cables installed in risers shall be as described
Class 1 non–power-limited fire alarm or medium power in any of (B)(1), (B)(2), or (B)(3):
network-powered broadband communications circuits unless

(1) Cables installed in vertical runs and penetrating moreone of the following conditions is met:
than one floor, or cables installed in vertical runs in a

(1) Either (a) all of the electric light, power, Class 1, shaft, shall be Type CL2R or CL3R. Floor penetrations
non–power-limited fire alarm and medium power net- requiring Type CL2R or CL3R shall contain only cables
work-powered broadband communications circuit con- suitable for riser or plenum use. Listed riser signaling
ductors or (b) all of the Class 2 and Class 3 circuit raceways shall be permitted to be installed in vertical
conductors are in a raceway or in metal-sheathed, metal- riser runs in a shaft from floor to floor. Only Type
clad, non–metallic-sheathed, or Type UF cables. CL2R, CL3R, CL2P, or CL3P cables shall be permitted

(2) All of the electric light, power, Class 1 non–power- to be installed in these raceways.
limited fire alarm, and medium power network-powered (2) Other cables as covered in Table 725.61 and other listed
broadband communications circuit conductors are per- wiring methods as covered in Chapter 3 shall be installed
manently separated from all of the Class 2 and Class 3 in metal raceways, or located in a fireproof shaft having
circuit conductors by a continuous and firmly fixed firestops at each floor.
nonconductor, such as porcelain tubes or flexible tubing, (3) Type CL2, CL3, CL2X, and CL3X cables shall be per-
in addition to the insulation on the conductors. mitted in one- and two-family dwellings. Listed general

purpose signaling raceways shall be permitted for use
725.56 Installation of Conductors of Different Circuits with Type CL2, CL3, CL2X and CL3X cables.
in the Same Cable, Enclosure, or Raceway.

FPN: See 300.21 for firestop requirements for floor penetra-
(A) Two or More Class 2 Circuits. Conductors of two or tions.
more Class 2 circuits shall be permitted within the same

(E) Other Wiring Within Buildings. Cables installed incable, enclosure, or raceway.
building locations other than those covered in 725.61(A)
and 725.61(B) shall be as described in any of (1) through(D) Class 2 and Class 3 Circuits with Communications

Circuits. (4).
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70A–155ARTICLE 760 — FIRE ALARM SYSTEMS

systems, refer to the NFPA 72�-2002, National Fire Alarm(1) Type CL2 or CL3 shall be permitted.
Code�.(2) Type CL2X or CL3X shall be permitted to be installed

in a raceway or in accordance with other wiring methods FPN No. 2: Class 1, 2, and 3 circuits are defined in Article
covered in Chapter 3. 725.

(3) Cables shall be permitted to be installed in nonconcealed
spaces where the exposed length of cable does not ex- 760.2 Definitions.
ceed 3 m (10 ft).

Abandoned Fire Alarm Cable. Installed fire alarm cable(4) Listed Type CL2X cables less than 6 mm (0.25 in.) in
that is not terminated at equipment other than a connectordiameter and listed Type CL3X cables less than 6 mm
and not identified for future use with a tag.(0.25 in.) in diameter shall be permitted to be installed

in one- and two-family dwellings. Fire Alarm Circuit. The portion of the wiring system be-
tween the load side of the overcurrent device or the power-(G) Class 2 and Class 3 Cable Substitutions. The substi-
limited supply and the connected equipment of all circuitstutions for Class 2 and Class 3 cables listed in Table 725.61
powered and controlled by the fire alarm system. Fire alarmshall be permitted. Where substitute cables are installed, the
circuits are classified as either non–power-limited or power-wiring requirements of Article 725, Parts I and III, shall
limited.apply.

Power-Limited Fire Alarm Circuit (PLFA). A fire alarmTable 725.61 Cable Substitutions
circuit powered by a source that complies with 760.41.

Cable Type Permitted Substitutions
760.3 Other Articles. Circuits and equipment shall comply
with 760.3(A), (B) and (D). . Only those sections of ArticleCL3P CMP

CL2P CMP, CL3P 300 referenced in this article shall apply to fire alarm sys-
CL3R CMP, CL3P, CMR tems.
CL2R CMP, CL3P, CL2P, CMR, CL3R

(A) Spread of Fire or Products of Combustion. SectionPLTC
300.21. The accessible portion of abandoned fire alarm ca-CL3 CMP, CL3P, CMR, CL3R, CMG, CM, PLTC
bles shall be removed.CL2 CMP, CL3P, CL2P, CMR, CL3R, CL2R, CMG,

CM, PLTC, CL3
(B) Ducts, Plenums, and Other Air-Handling Spaces.CL3X CMP, CL3P, CMR, CL3R, CMG, CM, PLTC, CL3,
Section 300.22, where installed in ducts or plenums or otherCMX
spaces used for environmental air.CL2X CMP, CL3P, CL2P, CMR, CL3R, CL2R, CMG,

CM, PLTC, CL3, CL2, CMX, CL3X
Exception: As permitted in 760.30(B)(1) and (B)(2) in the
NEC, and in 760.61(A).

(D) Corrosive, Damp, or Wet Locations. Sections 110.11,
300.6, and in 310.9 in the NEC where installed in corrosive,

ARTICLE 760 damp, or wet locations.
Fire Alarm Systems

760.7 Access to Electrical Equipment Behind Panels De-
signed to Allow Access. Access to electrical equipment

I. General shall not be denied by an accumulation of conductors and
cables that prevents removal of panels, including suspended760.1 Scope. This article covers the installation of wiring
ceiling panels.and equipment of fire alarm systems including all circuits

controlled and powered by the fire alarm system.
760.8 Mechanical Execution of Work. Fire alarm circuits

FPN No. 1: Fire alarm systems include fire detection and
shall be installed in a neat workmanlike manner. Cables andalarm notification, guard’s tour, sprinkler waterflow, and
conductors installed exposed on the surface of ceilings andsprinkler supervisory systems. Circuits controlled and pow-

ered by the fire alarm system include circuits for the control sidewalls shall be supported by the building structure in
of building systems safety functions, elevator capture, eleva- such a manner that the cable will not be damaged by normal
tor shutdown, door release, smoke doors and damper control, building use. Such cables shall be supported by straps, sta-
fire doors and damper control and fan shutdown, but only

ples, hangers, or similar fittings designed and installed sowhere these circuits are powered by and controlled by the
as not to damage the cable. The installation shall also con-fire alarm system. For further information on the installation

and monitoring for integrity requirements for fire alarm form with 300.4(D).
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70A–156 ARTICLE 760 — FIRE ALARM SYSTEMS

FPN: One source of information describing industry prac- be supplied through ground-fault circuit interrupters or arc-
tices is ANSI/NECA 305-2001, Standard for Fire Alarm fault circuit interrupters.
System Job Practice.

FPN No. 1: Tables 12(A) and 12(B) in Chapter 9 in the
NEC provide the listing requirements for power-limited fire760.9 Fire Alarm Circuit and Equipment Grounding.
alarm circuit sources.Fire alarm circuits and equipment shall be grounded in

accordance with Article 250. FPN No. 2: See 210.8(A)(5), Exception No. 3, for recepta-
cles in dwelling-unit unfinished basements that supply power
for fire alarm systems.760.10 Fire Alarm Circuit Identification. Fire alarm cir-

cuits shall be identified at terminal and junction locations
(A) Transformers. A listed PLFA or Class 3 transformer.in a manner that will prevent unintentional interference with

the signaling circuit during testing and servicing. (B) Power Supplies. A listed PLFA or Class 3 power sup-
ply.

760.11 Fire Alarm Circuits Extending Beyond One
Building. Power-limited fire alarm circuits that extend be- (C) Listed Equipment. Listed equipment marked to iden-
yond one building and run outdoors either shall meet the tify the PLFA power source.
installation requirements of Parts II, III, and IV of Article

FPN: Examples of listed equipment are a fire alarm control800 or shall meet the installation requirements of Part I
panel with integral power source; a circuit card listed for

of Article 300. Non–power-limited fire alarm circuits that use as a PLFA source, where used as part of a listed assembly;
extend beyond one building and run outdoors shall meet the a current-limiting impedance, listed for the purpose or part

of a listed product, used in conjunction with a non–power-installation requirements of Part I of Article 300 and the
limited transformer or a stored energy source, for example,applicable sections of Part I of Article 225.
storage battery, to limit the output current.

760.15 Fire Alarm Circuit Requirements. Fire alarm cir-
760.52 Wiring Methods and Materials on Load Side ofcuits shall comply with 760.15(A) and 760.15(B).
the PLFA Power Source. Fire alarm circuits on the load

(A) Non–Power-Limited Fire Alarm (NPLFA) Cir- side of the power source shall be permitted to be installed
cuits. See Parts I and II. using wiring methods and materials in accordance with

760.52(A), 760.52(B), or a combination of (A) and (B).
(B) Power-Limited Fire Alarm (PLFA) Circuits. See
Parts I and III. (A) NPLFA Wiring Methods and Materials. Installation

shall be in accordance with 760.25, and conductors shall be
solid or stranded copper.II. Non–Power-Limited Fire Alarm (NPLFA) Circuits

(B) PLFA Wiring Methods and Materials. Power-limited
fire alarm conductors and cables described in 760.82 in the760.21 NPLFA Circuit Power Source Requirements.
NEC shall be installed as detailed in 760.52(B)(1) or (B)(2)The power source of non–power-limited fire alarm circuits
of this section or 760.52(B)(3) in the NEC. Devices shallshall comply with Chapters 1 through 4, and the output
be installed in accordance with 110.3(B), 300.11(A), andvoltage shall not be more than 600 volts, nominal. These
300.15.circuits shall not be supplied through ground-fault circuit

interrupters or arc-fault circuit interrupters.
(1) Exposed or Fished in Concealed Spaces. In raceway
or exposed on the surface of ceiling and sidewalls or fishedFPN: See 210.8(A)(5), Exception No. 3, for receptacles in

dwelling-unit unfinished basements that supply power for in concealed spaces. Cable splices or terminations shall be
fire alarm systems. made in listed fittings, boxes, enclosures, fire alarm devices,

or utilization equipment. Where installed exposed, cables
760.25 NPLFA Circuit Wiring Methods. Installation of shall be adequately supported and installed in such a way that
non–power-limited fire alarm circuits shall be in accordance maximum protection against physical damage is afforded
with 110.3(B), 300.11, 300.15, 300.17, and other appropriate by building construction such as baseboards, door frames,
articles of Chapter 3. ledges, and so forth. Where located within 2.1 m (7 ft) of

the floor, cables shall be securely fastened in an approved
manner at intervals of not more than 450 mm (18 in.).III. Power-Limited Fire Alarm (PLFA) Circuits

(2) Passing Through a Floor or Wall. In metal raceways760.41 Power Sources for PLFA Circuits. The power
source for a power-limited fire alarm circuit shall be as or rigid nonmetallic conduit where passing through a floor

or wall to a height of 2.1 m (7 ft) above the floor, unlessspecified in 760.41(A), (B), or (C). These circuits shall not
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70A–157ARTICLE 760 — FIRE ALARM SYSTEMS

adequate protection can be afforded by building construction ductors or (b) all of the power-limited fire alarm circuit
conductors are in a raceway or in metal-sheathed, metal-such as detailed in 760.52(B)(1) or unless an equivalent

solid guard is provided. 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-powered760.55 Separation from Electric Light, Power, Class 1,
broadband communications circuit conductors are per-NPLFA, and Medium Power Network-Powered Broad-
manently separated from all of the power-limited fireband Communications Circuit Conductors.
alarm circuit conductors by a continuous and firmly

(A) General. Power-limited fire alarm circuit cables and fixed nonconductor, such as porcelain tubes or flexible
conductors shall not be placed in any cable, cable tray, tubing, in addition to the insulation on the conductors.
compartment, enclosure, manhole, outlet box, device box,
raceway, or similar fitting with conductors of electric light,

760.56 Installation of Conductors of Different PLFA Cir-power, Class 1, non–power-limited fire alarm circuits, and
cuits, Class 2, Class 3, and Communications Circuits inmedium power network-powered broadband communica-
the Same Cable, Enclosure, or Raceway.tions circuits unless permitted by 760.55(D) and 760.55(G).
(A) Two or More PLFA Circuits. Cable and conductors

(D) Associated Systems Within Enclosures. Power-lim- of two or more power-limited fire alarm circuits, communi-
ited fire alarm conductors in compartments, enclosures, de- cations circuits, or Class 3 circuits shall be permitted within
vice boxes, outlet boxes, or similar fittings shall be permitted the same cable, enclosure, or raceway.
to be installed with electric light, power, Class 1, non–power-
limited fire alarm, and medium power network-powered

760.57 Conductor Size. Conductors of 26 AWG shall be
broadband communications circuits where they are intro-

permitted only where spliced with a connector listed as
duced solely to connect the equipment connected to power-

suitable for 26 AWG to 24 AWG or larger conductors that
limited fire alarm circuits, and comply with either of the

are terminated on equipment or where the 26 AWG conduc-
following conditions:

tors are terminated on equipment listed as suitable for 26
AWG conductors. Single conductors shall not be smaller

(1) The electric light, power, Class 1, non–power-limited
than 18 AWG.

fire alarm, and medium power network-powered broad-
band communications circuit conductors are routed to

760.58 Support of Conductors. Power-limited fire alarmmaintain a minimum of 6 mm (0.25 in.) separation from
circuit conductors shall not be strapped, taped, or attachedthe conductors and cables of power-limited fire alarm
by any means to the exterior of any conduit or other racewaycircuits.
as a means of support.(2) The circuit conductors operate at 150 volts or less to

ground and also comply with one of the following:
760.61 Applications of Listed PLFA Cables. PLFA ca-

a. The fire alarm power-limited circuits are installed bles shall comply with the requirements described in either
using Type FPL, FPLR, FPLP, or permitted substitute 760.61(A), (B), or (C) or where cable substitutions are made
cables, provided these power-limited cable conduc- as shown in 760.61(D).
tors extending beyond the jacket are separated by a

(A) Plenum. Cables installed in ducts, plenums, and otherminimum of 6 mm (0.25 in.) or by a nonconductive
spaces used for environmental air shall be Type FPLP. Typessleeve or nonconductive barrier from all other con-
FPLP, FPLR, and FPL cables installed in compliance withductors.
300.22 shall be permitted. Type FPLP-CI cable shall beb. The power-limited fire alarm circuit conductors are
permitted to be installed to provide a 2-hour circuit integrityinstalled as non–power-limited circuits in accordance
rated cable.with 760.25.

(B) Riser. Cables installed in risers shall be as described(G) Other Applications. For other applications, power-
in either (1), (2), or (3):limited fire alarm circuit conductors shall be separated by

at least 50 mm (2 in.) from conductors of any electric light,
(1) Cables installed in vertical runs and penetrating morepower, Class 1, non–power-limited fire alarm, or medium

than one floor, or cables installed in vertical runs in apower network-powered broadband communications circuits
shaft, shall be Type FPLR. Floor penetrations requiringunless one of the following conditions is met:
Type FPLR shall contain only cables suitable for riser
or plenum use. Type FPLR-CI cable shall be permitted(1) Either (a) all of the electric light, power, Class 1,

non–power-limited fire alarm, and medium power net- to be installed to provide a 2-hour circuit integrity rated
cable.work-powered broadband communications circuit con-
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(2) Other cables shall be installed in metal raceways or the exposed length of cable does not exceed 3 m
(10 ft).located in a fireproof shaft having firestops at each floor.

(3) Type FPL cable shall be permitted in one- and two-
(D) Fire Alarm Cable Substitutions. The substitutions forfamily dwellings.
fire alarm cables listed in Table 760.61 shall be permitted.

FPN: See 300.21 for firestop requirements for floor penetra- Where substitute cables are installed, the wiring require-
tions. ments of Article 760, Parts I and III shall apply.

(C) Other Wiring Within Buildings. Cables installed in FPN: For information on communications cables (CMP,
CMR, CMG, CM), see 800.179 in the NEC.building locations other than those covered in 760.61(A) or

760.61(B) shall be as described in either (1), (2), (3), or (4).
Type FPL-CI cable shall be permitted to be installed as

Table 760.61 Cable Substitutionsdescribed in either (1), (2), or (3) to provide a 2-hour circuit
integrity rated cable.

Cable Type References Permitted Substitutions
(1) Type FPL shall be permitted.

FPLP 760.61(A) CMP(2) Cables shall be permitted to be installed in raceways.
FPLR 760.61(B) CMP, FPLP, CMR(3) Cables specified in Chapter 3 and meeting the require-
FPL 760.61(C) CMP, FPLP, CMR, FPLR, CMG,ments of 760.82(A) and 760.82(B) in the NEC shall be

CMpermitted to be installed in nonconcealed spaces where
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Chapter 8 Communications Systems

800.3 Other Articles.
ARTICLE 800

(C) Spread of Fire or Products of Combustion. Section
Communications Circuits 300.21 shall apply. The accessible portion of abandoned

communications cables shall not be permitted to remain.

I. General (D) Equipment in Other Space Used for Environmental
Air. Section 300.22(C) shall apply.800.1 Scope. This article covers telephone, telegraph (ex-

cept radio), outside wiring for fire alarm and burglar alarm,
800.18 Installation of Equipment. Equipment electrically

and similar central station systems; and telephone systems
connected to a telecommunications network shall be listed

not connected to a central station system but using similar
in accordance with 800.170 in the NEC. Installation of equip-

types of equipment, methods of installation, and mainte-
ment shall also comply with 110.3(B).

nance.

800.21 Access to Electrical Equipment Behind PanelsFPN No. 1: For further information for fire alarm, sprinkler
waterflow, and sprinkler supervisory systems, see Article Designed to Allow Access. Access to electrical equipment
760. shall not be denied by an accumulation of wires and cables

that prevents removal of panels, including suspended ceilingFPN No. 3: For installation requirements for network-pow-
panels.ered broadband communications circuits, see Article 830.

800.24 Mechanical Execution of Work. Communications800.2 Definitions. See Article 100. For purposes of this
circuits and equipment shall be installed in a neat and work-article, the following additional definitions apply.
manlike manner. Cables installed exposed on the surface of

Abandoned Communications Cable. Installed communi- ceilings and sidewalls shall be supported by the building
cations cable that is not terminated at both ends at a connector structure in such a manner that the cable will not be damaged
or other equipment and not identified for future use with a by normal building use. Such cables shall be secured by
tag. straps, staples, hangers, or similar fittings designed and in-

stalled so as not to damage the cable. The installation shallCable. A factory assembly of two or more conductors hav-
also conform with 300.4(D) and 300.11.ing an overall covering.

Cable Sheath. A covering over the conductor assembly
II. Wires and Cables Outside and Entering Buildingsthat may include one or more metallic members, strength

members, or jackets. 800.44 Overhead Communications Wires and Cables.
Overhead communications wires and cables entering build-Communications Equipment. The electronic equipment
ings shall comply with 800.44(B).that performs the telecommunications operations for the

transmission of audio, video, and data, and including power
(B) Above Roofs. Communications wires and cables shallequipment (e.g., dc converters, inverters and batteries) and
have a vertical clearance of not less than 2.5 m (8 ft) fromtechnical support equipment (e.g., computers).
all points of roofs above which they pass.

Exposed. A circuit that is in such a position that, in case
Exception No. 1: Auxiliary buildings, such as garages andof failure of supports and insulation, contact with another
the like.circuit may result.
Exception No. 2: A reduction in clearance above only the

FPN: See Article 100 for two other definitions of Exposed.
overhanging portion of the roof to not less than 450 mm

Point of Entrance. Within a building, the point at which (18 in.) shall be permitted if (a) not more than 1.2 m (4 ft)
the wire or cable emerges from an external wall, from a of communications service-drop conductors pass above the
concrete floor slab, or from a rigid metal conduit or an roof overhang and (b) they are terminated at a through- or
intermediate metal conduit grounded to an electrode in above-the-roof raceway or approved support.
accordance with 800.100(B).

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 inPremises. The land and buildings of a user located on the

user side of the utility-user network point of demarcation. clearance to not less than 900 mm (3 ft) shall be permitted.
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(A) Grounding Conductor.III. Protection

800.90 Protective Devices. (1) Insulation. The grounding conductor shall be insulated
and shall be listed as suitable for the purpose.

(A) Application. A listed primary protector shall be pro-
vided on each circuit run partly or entirely in aerial wire or (2) Material. The grounding conductor shall be copper or
aerial cable not confined within a block. Also, a listed pri- other corrosion-resistant conductive material, stranded or
mary protector shall be provided on each circuit, aerial or solid.
underground, located within the block containing the build-

(3) Size. The grounding conductor shall not be smaller thaning served so as to be exposed to accidental contact with
14 AWG.electric light or power conductors operating at over 300

volts to ground. In addition, where there exists a lightning
(4) Length. The primary protector grounding conductorexposure, each interbuilding circuit on a premises shall be
shall be as short as practicable. In one- and two-familyprotected by a listed primary protector at each end of the
dwellings, the primary protector grounding conductor shallinterbuilding circuit. Installation of primary protectors shall
be as short as practicable, not to exceed 6.0 m (20 ft) inalso comply with 110.3(B).
length.

FPN No. 1: On a circuit not exposed to accidental contact
Exception: In one- and two-family dwellings where it iswith power conductors, providing a listed primary protector

in accordance with this article helps protect against other not practicable to achieve an overall maximum primary
hazards, such as lightning and above-normal voltages in- protector grounding conductor length of 6.0 m (20 ft), a
duced by fault currents on power circuits in proximity to separate communications ground rod meeting the minimum
the communications circuit.

dimensional criteria of 800.100(B)(2)(2) shall be driven, the
primary protector shall be grounded to the communications(B) Location. The primary protector shall be located in,
ground rod in accordance with 800.100(C), and the commu-on, or immediately adjacent to the structure or building
nications ground rod shall be bonded to the power groundingserved and as close as practicable to the point of entrance.
electrode system in accordance with 800.100(D).

FPN: See 800.2 for the definition of point of entrance.
(5) Run in Straight Line. The grounding conductor shall

For purposes of this section, primary protectors located at be run to the grounding electrode in as straight a line as
mobile home service equipment located in sight from and practicable.
not more than 9.0 m (30 ft) from the exterior wall of the

(6) Physical Damage. Where necessary, the groundingmobile home it serves, or at a mobile home disconnecting
conductor shall be guarded from physical damage. Wheremeans grounded in accordance with 250.32 and located in
the grounding conductor is run in a metal raceway, both endssight from and not more than 9.0 m (30 ft) from the exterior
of the raceway shall be bonded to the grounding conductorwall of the mobile home it serves, shall be considered to
or the same terminal or electrode to which the groundingmeet the requirements of this section.
conductor is connected.

FPN: Selecting a primary protector location to achieve the
shortest practicable primary protector grounding conductor (B) Electrode. The grounding conductor shall be con-
helps limit potential differences between communications nected in accordance with 800.100(B)(1) and (B)(2).
circuits and other metallic systems.

(1) In Buildings or Structures with Grounding Means.
800.93 Cable Grounding. The metallic sheath of commu- To the nearest accessible location on the following:
nications cables entering buildings shall be grounded as

(1) The building or structure grounding electrode systemclose as practicable to the point of entrance or shall be
as covered in 250.50interrupted as close to the point of entrance as practicable

(2) The grounded interior metal water piping system, withinby an insulating joint or equivalent device.
1.5 m (5 ft) from its point of entrance to the building,

FPN: See 800.2 for the definition of point of entrance. as covered in 250.52
(3) The power service accessible means external to enclo-

sures as covered in 250.94
IV. Grounding Methods

(4) The metallic power service raceway
(5) The service equipment enclosure800.100 Cable and Primary Protector Grounding. The

metallic member(s) of the cable sheath, where required to (6) The grounding electrode conductor or the grounding
electrode conductor metal enclosurebe grounded by 800.93, and primary protectors shall be

grounded as specified in 800.100(A) through 800.100(D). (7) The grounding conductor or the grounding electrode
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of a building or structure disconnecting means that is available grounding terminal of the mobile home with a
copper grounding conductor not smaller than 12 AWG undergrounded to an electrode as covered in 250.32
either of the following conditions:

For purposes of this section, the mobile home service
equipment or the mobile home disconnecting means, as de- (1) Where there is no mobile home service equipment or
scribed in 800.90(B), shall be considered accessible. disconnecting means as in 800.106(A)

(2) Where the mobile home is supplied by cord and plug
(2) In Buildings or Structures Without Grounding
Means. If the building or structure served has no grounding

V. Communications Wires and Cables Within Buildingsmeans, as described in 800.100(B)(1), the grounding conduc-
tor shall be connected to either of the following: 800.110 Raceways for Communications Wires and Ca-

bles. Where communications wires and cables are installed(1) To any one of the individual electrodes described in
in a raceway, the raceway shall be either of a type permitted250.52(A)(1), (A)(2), (A)(3), or (A)(4)
in Chapter 3 and installed in accordance with Chapter 3 or(2) If the building or structure served has no grounding
a listed nonmetallic raceway complying with 800.182 inmeans, as described in 800.100(B)(1) or (B)(2)(1), to
the NEC, and installed in accordance with 362.24 throughan effectively grounded metal structure or to a ground
362.56, where the requirements applicable to electrical non-rod or pipe not less than 1.5 m (5 ft) in length and 12.7
metallic tubing apply.mm (1⁄2 in.) in diameter, driven, where practicable, into

permanently damp earth and separated from lightning Exception: Conduit fill restrictions shall not apply.
conductors as covered in 800.53 and at least 1.8 m
(6 ft) from electrodes of other systems. Steam or hot 800.113 Installation and Marking of Communications
water pipes or air terminal conductors (lightning-rod Wires and Cables. Listed communications wires and cables
conductors) shall not be employed as electrodes for and listed multipurpose cables shall be installed as wiring
protectors. within buildings.

(C) Electrode Connection. Connections to grounding
800.133 Installation of Communications Wires, Cables,electrodes shall comply with 250.70.
and Equipment. Communications wires and cables from
the protector to the equipment or, where no protector is(D) Bonding of Electrodes. A bonding jumper not smaller

than 6 AWG copper or equivalent shall be connected between required, communications wires and cables attached to the
outside or inside of the building shall comply withthe communications grounding electrode and power ground-

ing electrode system at the building or structure served where 800.133(A) and 800.133(C).
separate electrodes are used.

(A) Separation from Other Conductors.
Exception: At mobile homes as covered in 800.106.

(1) In Raceways, Boxes, and Cables.
FPN No. 1: See 250.60 for use of air terminals (lightning
rods). (a) Other Power-Limited Circuits. Communications ca-

bles shall be permitted in the same raceway or enclosure
FPN No. 2: Bonding together of all separate electrodes lim-

with cables of any of the following:its potential differences between them and between their
associated wiring systems.

(1) Class 2 and Class 3 remote-control, signaling, and
power-limited circuits in compliance with Article 725800.106 Primary Protector Grounding and Bonding at

(2) Power-limited fire alarm systems in compliance withMobile Homes.
Article 760

(3) Nonconductive and conductive optical fiber cables in(A) Grounding. Where there is no mobile home service
compliance with Article 770 in the NECequipment located in sight from, and not more than 9.0 m

(4) Community antenna television and radio distribution(30 ft) from, the exterior wall of the mobile home it serves,
systems in compliance with Article 820or there is no mobile home disconnecting means grounded

(5) Low-power network-powered broadband communica-in accordance with 250.32 and located within sight from,
tions circuits in compliance with Article 830and not more than 9.0 m (30 ft) from, the exterior wall of

the mobile home it serves, the primary protector ground
(c) Electric Light, Power, Class 1, Non–Power-Limitedshall be in accordance with 800.100(B)(2).

Fire Alarm, and Medium Power Network-Powered Broad-
band Communications Circuits in Raceways, Compart-(B) Bonding. The primary protector grounding terminal or

grounding electrode shall be bonded to the metal frame or ments, and Boxes. Communications conductors shall not be
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placed in any raceway, compartment, outlet box, junction installed in ducts and plenums as described in 300.22(B)
and in other spaces used for environmental air as describedbox, or similar fitting with conductors of electric light,

power, Class 1, non–power-limited fire alarm, or medium in 300.22(C). Only Type CMP cable shall be permitted to
be installed in raceways.power network-powered broadband communications cir-

cuits.
(B) Riser. Cables installed in risers shall comply with

Exception No. 1: Where all of the conductors of electric 800.154(B)(1), (B)(2), or (B)(3).
light, power, Class 1, non–power-limited fire alarm, and

(1) Cables in Vertical Runs. Cables installed in verticalmedium power network-powered broadband communica-
runs and penetrating more than one floor, or cables installedtions circuits are separated from all of the conductors of
in vertical runs in a shaft, shall be Type CMR. Floor penetra-communications circuits by a permanent barrier or listed
tions requiring Type CMR shall contain only cables suitabledivider.
for riser or plenum use. Abandoned cables shall not be

Exception No. 2: Power conductors in outlet boxes, junction permitted to remain. Listed riser communications raceways
boxes, or similar fittings or compartments where such con- shall be permitted to be installed in vertical riser runs in a
ductors are introduced solely for power supply to communi- shaft from floor to floor. Only Type CMR and CMP cables
cations equipment. The power circuit conductors shall be shall be permitted to be installed in these raceways.
routed within the enclosure to maintain a minimum of 6
mm (0.25 in.) separation from the communications circuit (2) Metal Raceways or Fireproof Shafts. Listed commu-
conductors. nications cables shall be encased in a metal raceway or

located in a fireproof shaft having firestops at each floor.
(2) Other Applications. Communications wires and cables
shall be separated at least 50 mm (2 in.) from conductors (3) One- and Two-Family Dwellings. Type CM and CMX
of any electric light, power, Class 1, non–power-limited cable shall be permitted in one- and two-family dwellings.
fire alarm, or medium power network-powered broadband

FPN: See 800.3(C) for firestop requirements for floor pene-communications circuits.
trations.

Exception No. 1: Where either (1) all of the conductors of
(E) Other Wiring Within Buildings. Cables installed inthe electric light, power, Class 1, non–power-limited fire
building locations other than the locations covered inalarm, and medium power network-powered broadband
800.154(A) and 800.154(B) shall be in accordance withcommunications circuits are in a raceway or in metal-
800.154(E)(1) through (E)(4).sheathed, metal-clad, nonmetallic-sheathed, Type AC, or

Type UF cables, or (2) all of the conductors of communica-
(1) General. Cables shall be Type CMG or Type CM.tions circuits are encased in raceway.
Listed communications general-purpose raceways shall be
permitted. Only Types CMG, CM, CMR, or CMP cables(C) Support of Conductors. Raceways shall be used for
shall be permitted to be installed in general-purpose commu-their intended purpose. Communications cables or wires
nications raceways.shall not be strapped, taped, or attached by any means to

the exterior of any conduit or raceway as a means of support.
(2) In Raceways. Listed communications wires that are

Exception: Overhead (aerial) spans of communications ca- enclosed in a raceway of a type included in Chapter 3 shall
bles or wires shall be permitted to be attached to the exterior be permitted.
of a raceway-type mast intended for the attachment and

(3) Nonconcealed Spaces. Type CMX communicationssupport of such conductors.
cable shall be permitted to be installed in nonconcealed
spaces where the exposed length of cable does not exceed800.154 Applications of Listed Communications Wires
3 m (10 ft).and Cables and Communications Raceways. Communi-

cations wires and cables shall comply with the requirements
(4) One- and Two-Family Dwellings. Type CMX commu-of 800.154(A), (B), and (E) or where cable substitutions are
nications cable less than 6 mm (0.25 in.) in diameter shallmade in accordance with 800.154(G).
be permitted to be installed in one- and two-family dwellings.

(A) Plenum. Cables installed in ducts, plenums, and other
(G) Cable Substitutions. The uses and permitted substitu-spaces used for environmental air shall be Type CMP. Aban-
tions for communications cables listed in Table 800.154 shalldoned cables shall not be permitted to remain. Types CMP,
be considered suitable for the purpose and shall be permitted.CMR, CMG, CM, and CMX and communications wire in-

stalled in compliance with 300.22 shall be permitted. Listed FPN: For information on Types CMP, CMR, CMG, CM,
and CMX cables, see 800.179 in the NEC.plenum communications raceways shall be permitted to be
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Table 800.154 Cable Substitutions Exception: As permitted in 820.154(A).

(C) Installation and Use. Section 110.3 shall apply.Cable Permitted
Type Use References Substitutions

(D) Installations of Conductive and Nonconductive Op-
tical Fiber Cables. Article 770 in the NEC shall apply.CMR Communications 800.154(B) CMP

riser cable
(E) Communications Circuits. Article 800 shall apply.CMG, CM Communications 800.154(E)(1) CMP, CMR

general-purpose (F) Network-Powered Broadband Communications Sys-
cable tems. Article 830 shall apply.

CMX Communications 800.154(E) CMP, CMR,
cable, limited use CMG, CM (G) Alternate Wiring Methods. The wiring methods of

Article 830 shall be permitted to substitute for the wiring
FPN: See Figure 800.154, Cable Substitution Hierarchy.

methods of Article 820.

FPN: Use of Article 830 wiring methods will facilitate the
upgrading of Article 820 installations to network-powered

ARTICLE 820 broadband applications.
Community Antenna Television

820.15 Energy Limitations. Coaxial cable shall be permit-and Radio Distribution Systems
ted to deliver low-energy power to equipment that is directly
associated with the radio frequency distribution system if
the voltage is not over 60 volts and if the current supply isI. General
from a transformer or other device that has energy-limiting

820.1 Scope. This article covers coaxial cable distribution characteristics.
of radio frequency signals typically employed in community
antenna television (CATV) systems. 820.21 Access to Electrical Equipment Behind Panels

Designed to Allow Access. Access to electrical equipment
820.2 Definitions. See Article 100. For the purposes of this shall not be denied by an accumulation of wires and cables
article, the following additional definitions apply. that prevents removal of panels, including suspended ceiling

panels.Abandoned Coaxial Cable. Installed coaxial cable that is
not terminated at equipment other than a coaxial connector

820.24 Mechanical Execution of Work. Community an-and not identified for future use with a tag.
tenna television and radio distribution systems shall be in-

Exposed. An exposed cable is one that is in such a position stalled in a neat and workmanlike manner. Cables installed
that, in case of failure of supports and insulation, contact exposed on the surface of ceiling and sidewalls shall be
with another circuit could result. supported by the building structure in such a manner that

the cable will not be damaged by normal building use. SuchFPN: See Article 100 for two other definitions of exposed.
cables shall be secured by straps, staples, hangers, or similar

Point of Entrance. The point within a building at which fittings designed and installed so as not to damage the cable.
the cable emerges from an external wall, from a concrete The installation shall also conform with 300.4(D) and
floor slab, or from a rigid metal conduit or an intermediate 300.11.
metal conduit grounded to an electrode in accordance with
820.100(B).

II. Cables Outside and Entering Buildings
Premises. The land and buildings of a user located on the

820.44 Overhead Cables. Coaxial cables, prior to the pointuser side of utility-user network point of demarcation.
of grounding, as defined in 820.93, shall comply with
820.44(C) and 820.44(D).820.3 Other Articles. Circuits and equipment shall comply

with 820.3(A) through 820.3(G).
(C) On Masts. Aerial cable shall be permitted to be
attached to an above-the-roof raceway mast that does not(A) Spread of Fire or Products of Combustion. Section
enclose or support conductors of electric light or power300.21 shall apply. The accessible portion of abandoned
circuits.coaxial cables shall be removed.

(D) Above Roofs. Cables shall have a vertical clearance(B) Ducts, Plenums, and Other Air-Handling Spaces.
Section 300.22, where installed in ducts, plenums, or other of not less than 2.5 m (8 ft) from all points of roofs above

which they pass.spaces used for environmental air, shall apply.
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Exception No. 1: Auxiliary buildings such as garages and IV. Grounding Methods
the like.

820.100 Cable Grounding. Where required by 820.93, the
shield of the coaxial cable shall be grounded as specifiedException No. 2: A reduction in clearance above only the
in 820.100(A) through 820.100(D).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)
(A) Grounding Conductor.of communications service drop conductors pass above the

roof overhang, and (2) they are terminated at a raceway (1) Insulation. The grounding conductor shall be insulated
mast or other approved support. and shall be listed as suitable for the purpose.

Exception No. 3: Where the roof has a slope of not less
(2) Material. The grounding conductor shall be copper orthan 100 mm in 300 mm (4 in. in 12 in.), a reduction in
other corrosion-resistant conductive material, stranded orclearance to not less than 900 mm (3 ft) shall be permitted.
solid.

820.47 Underground Circuits Entering Buildings. (3) Size. The grounding conductor shall not be smaller than
14 AWG. It shall have a current-carrying capacity approxi-(B) Direct-Buried Cables and Raceways. Direct-buried
mately equal to that of the outer conductor of the coaxialcoaxial cable shall be separated at least 300 mm (12 in.)
cable. The grounding conductor shall not be required tofrom conductors of any light or power or Class 1 circuit.
exceed 6 AWG.

Exception No. 1: Where electric service conductors or coax-
(4) Length. The grounding conductor shall be as short asial cables are installed in raceways or have metal cable
practicable. In one- and two-family dwellings, the groundingarmor.
conductor shall be as short as practicable, not to exceed

Exception No. 2: Where electric light or power branch- 6.0 m (20 ft) in length.
circuit or feeder conductors or Class 1 circuit conductors

Exception: In one- and two-family dwellings where it isare installed in a raceway or in metal-sheathed, metal-clad,
not practicable to achieve an overall maximum groundingor Type UF or Type USE cables; or the coaxial cables have
conductor length of 6.0 m (20 ft), a separate ground asmetal cable armor or are installed in a raceway.
specified in 250.52(A)(5), (A)(6), or (A)(7) shall be used,
the grounding conductor shall be grounded to the separate

III. Protection ground in accordance with 250.70, and the separate ground
bonded to the power grounding electrode system in accord-820.93 Grounding of Outer Conductive Shield of a Coax-
ance with 820.100(D).ial Cable. The outer conductive shield of the coaxial cable

shall be grounded at the building premises as close to the
(5) Run in Straight Line. The grounding conductor shallpoint of cable entrance or attachment as practicable.
be run to the grounding electrode in as straight a line asFor purposes of this section, grounding located at mobile
practicable.home service equipment located in sight from, and not more

than 9.0 m (30 ft) from, the exterior wall of the mobile home (6) Physical Protection. Where subject to physical dam-
it serves, or at a mobile home disconnecting means grounded age, the grounding conductor shall be adequately protected.
in accordance with 250.32 and located in sight from and not Where the grounding conductor is run in a metal raceway,
more than 9.0 m (30 ft) from the exterior wall of the mobile both ends of the raceway shall be bonded to the grounding
home it serves, shall be considered to meet the requirements conductor or the same terminal or electrode to which the
of this section. grounding conductor is connected.

FPN: Selecting a grounding location to achieve the shortest
(B) Electrode. The grounding conductor shall be con-practicable grounding conductor helps limit potential differ-
nected in accordance with 820.100(B)(1) and (B)(2).ences between CATV and other metallic systems.

(1) In Buildings or Structures with Grounding Means.(A) Shield Grounding. Where the outer conductive shield
To the nearest accessible location on the following:of a coaxial cable is grounded, no other protective devices

shall be required.
(1) The building or structure grounding electrode system

as covered in 250.50(B) Shield Protection Devices. Grounding of a coaxial
drop cable shield by means of a protective device that does (2) The grounded interior metal water piping system, within

1.52 m (5 ft) from its point of entrance to the building,not interrupt the grounding system within the premises shall
be permitted. as covered in 250.52
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(B) Bonding. The coaxial cable shield grounding terminal,(3) The power service accessible means external to enclo-
sures as covered in 250.94 surge arrester grounding terminal, or grounding electrode

shall be bonded to the metal frame or available grounding(4) The metallic power service raceway
(5) The service equipment enclosure terminal of the mobile home with a copper grounding con-

ductor not smaller than 12 AWG under any of the following(6) The grounding electrode conductor or the grounding
electrode conductor metal enclosure, or 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 820.106(A)grounded to an electrode as covered in 250.32
(2) Where the mobile home is supplied by cord and plug

(2) In Buildings or Structures Without Grounding
Means. If the building or structure served has no grounding

V. Cables Within Buildings
means, as described in 820.100(B)(1):

820.110 Raceways for Coaxial Cables. Where coaxial ca-
(1) To any one of the individual electrodes described in bles are installed in a raceway, the raceway shall be either

250.52(A)(1), (A)(2), (A)(3), (A)(4); or, of a type permitted in Chapter 3 and installed in accordance
(2) If the building or structure served has no grounding with Chapter 3 or a listed nonmetallic raceway complying

means, as described in 820.100(B)(1) or (B)(2)(1), to with 820.182(A), (B), or (C) in the NEC, as applicable, and
an effectively grounded metal structure or to any one installed in accordance with 362.24 through 362.56, where
of the individual electrodes described in 250.52(A)(5), the requirements applicable to electrical nonmetallic tubing
(A)(6), and (A)(7). apply.

Exception: Conduit fill restrictions shall not apply.(C) Electrode Connection. Connections to grounding
electrodes shall comply with 250.70.

820.113 Installation and Marking of Coaxial Cables.
(D) Bonding of Electrodes. A bonding jumper not smaller Listed coaxial cables shall be installed as wiring within
than 6 AWG copper or equivalent shall be connected between buildings. Coaxial cables shall be marked in accordance
the community antenna television system’s grounding elec- with Table 820.113 in the NEC. The cable voltage rating
trode and the power grounding electrode system at the build- shall not be marked on the cable.
ing or structure served where separate electrodes are used.

820.133 Installation of Cables and Equipment. BeyondException: At mobile homes as covered in 820.106.
the point of grounding, as defined in 820.93, the cable instal-
lation shall comply with 820.133(A) and 820.133(C).FPN No. 1: See 250.60 for use of air terminals (lightning

rods).
(A) Separation from Other Conductors.

FPN No. 2: Bonding together of all separate electrodes lim-
(1) In Raceways and Boxes.its potential differences between them and between their

associated wiring systems.

(1) Other Circuits. Coaxial cables shall be permitted in the
same raceway or enclosure with jacketed cables of any820.103 Equipment Grounding. Unpowered equipment
of the following:and enclosures or equipment powered by the coaxial cable

shall be considered grounded where connected to the metal- a. Class 2 and Class 3 remote-control, signaling, and
lic cable shield. power-limited circuits in compliance with Article 725

b. Power-limited fire alarm systems in compliance with
820.106 Bonding and Grounding at Mobile Homes. Article 760

c. Nonconductive and conductive optical fiber cables
(A) Grounding. Where there is no mobile home service in compliance with Article 770 in the NEC
equipment located in sight from, and not more than 9.0 m d. Communications circuits in compliance with Article
(30 ft) from, the exterior wall of the mobile home it serves 800
or there is no mobile home disconnecting means grounded e. Low-power network-powered broadband communi-
in accordance with 250.32 and located within sight from, cations circuits in compliance with Article 830
and not more than 9.0 m (30 ft) from, the exterior wall of
the mobile home it serves, the coaxial cable shield ground, (2) Electric Light, Power, Class 1, Non–Power-Limited Fire

Alarm, and Medium Power Network-Powered Broad-or surge arrester ground, shall be in accordance with
820.100(B)(2). band Communications Circuits. Coaxial cable shall not
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Table 820.154 Coaxial Cable Uses and Permittedbe placed in any raceway, compartment, outlet box,
Substitutionsjunction box, or other enclosures with conductors of

electric light, power, Class 1, non–power-limited fire
Cable Type Permitted Substitutionsalarm, or medium power network-powered broadband

communications circuits. CATVP CMP, BLP

CATVR CATVP, CMP, CMR, BMR, BLP, BLRException No. 1: Where all of the conductors of electric
light, power, Class 1, non–power-limited fire alarm, and CATV CATVP, CMP, CATVR, CMR, CMG, CM, BMR,
medium power network-powered broadband communica- BM, BLP, BLR, BL
tions circuits are separated from all of the coaxial cables CATVX CATVP, CMP, CATVR, CMR, CATV, CMG,
by a permanent barrier or listed divider. CM, BMR, BM, BLP, BLR, BL, BLX

Exception No. 2: Power circuit conductors in outlet boxes,
junction boxes, or similar fittings or compartments where
such conductors are introduced solely for power supply to Type CATVP cable shall be permitted to be installed in these
the coaxial cable system distribution equipment. The power raceways.
circuit conductors shall be routed within the enclosure to
maintain a minimum 6-mm (0.25-in.) separation from coax- (B) Riser. Cables installed in risers shall comply with any
ial cables. of the requirements of 820.154(B)(1) through (B)(3).

(2) Other Applications. Coaxial cable shall be separated (1) Cables in Vertical Runs. Cables installed in vertical
at least 50 mm (2 in.) from conductors of any electric light, runs and penetrating more than one floor, or cables installed
power, Class 1, non–power-limited fire alarm, or medium in vertical runs in a shaft, shall be Type CATVR. Floor
power network-powered broadband communications cir- penetrations requiring Type CATVR shall contain only ca-
cuits. bles suitable for riser or plenum use. Abandoned cables shall

not be permitted to remain. Listed riser CATV racewaysException No. 1: Where either (1) all of the conductors of
shall be permitted to be installed in vertical riser runs in aelectric light, power, Class 1, non–power-limited fire alarm,
shaft from floor to floor. Only Type CATVR and CATVPand medium power network-powered broadband communi-
cables shall be permitted to be installed in these raceways.cations circuits are in a raceway, or in metal-sheathed,

metal-clad, nonmetallic-sheathed Type AC or Type UF ca- (2) Metal Raceways or Fireproof Shafts. Types CATV
bles, or (2) all of the coaxial cables are encased in raceway. and CATVX cables shall be permitted to be encased in a

metal raceway or located in a fireproof shaft having fire-(C) Support of Cables. Raceways shall be used for their
stops at each floor.intended purpose. Coaxial cables shall not be strapped, taped,

or attached by any means to the exterior of any conduit or
(3) One- and Two-Family Dwellings. Types CATV and

raceway as a means of support.
CATVX cables shall be permitted in one- and two-family
dwellings.Exception: Overhead (aerial) spans of coaxial cables shall

be permitted to be attached to the exterior of a raceway-
FPN: See 820.3(A) for the firestop requirements for floortype mast intended for the attachment and support of such penetrations.

cables.

(D) Other Wiring Within Buildings. Cables installed in
820.154 Applications of Listed CATV Cables and CATV building locations other than the locations covered in
Raceways. CATV cables shall comply with the require- 820.154(A) and 820.154(B) shall be with any of the require-
ments of 820.154(A), 820.154(B), and 820.154(D) or where ments in 820.154(D)(1) through (D)(4). Abandoned cables
cable substitutions are made as shown in Table 820.154. in hollow spaces shall not be permitted to remain.

(A) Plenums. Cables installed in ducts, plenums, and other (1) General. Type CATV shall be permitted. Listed CATV
spaces used for environmental air shall be Type CATVP. general-purpose raceways shall be permitted. Only Types
Abandoned cables shall not be permitted to remain. Types CATV, CATVX, CATVR, or CATVP cables shall be permit-
CATVP, CATVR, CATV, and CATVX cables installed in ted to be installed in general-purpose communications race-
compliance with 300.22 shall be permitted. Listed plenum ways.
CATV raceways shall be permitted to be installed in ducts
and plenums as described in 300.22(B) and in other spaces (2) In Raceways. Type CATVX shall be permitted to be

installed in a raceway.used for environmental air as described in 300.22(C). Only
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FPN: A typical single-family network-powered communi-(3) Nonconcealed Spaces. Type CATVX shall be permit-
cations circuit consists of a communications drop or commu-ted to be installed in nonconcealed spaces where the exposed
nications service cable and an NIU and includes the

length of cable does not exceed 3 m (10 ft). communications utility’s serving terminal or tap where it is
not under the exclusive control of the communications utility.

(4) One- and Two-Family Dwellings. Type CATVX ca-
Point of Entrance. The point within a building at whichbles less than 10 mm (0.375 in.) in diameter shall be permit-
the cable emerges from an external wall, from a concreteted to be installed in one- and two-family dwellings.
floor slab, or from a rigid metal conduit or an intermediate
metal conduit grounded to an electrode in accordance with
830.100(B).

ARTICLE 830
Premises Wiring. The circuits located on the user side of

Network-Powered Broadband the network interface unit.
Communications Systems

830.3 Other Articles. Circuits and equipment shall comply
with 830.3(A) through 830.3(D).

I. General
(A) Spread of Fire or Products of Combustion. Section

830.1 Scope. This article covers network-powered broad- 300.21 shall apply. The accessible portion of abandoned
band communications systems that provide any combination network-powered broadband communications cables shall
of voice, audio, video, data, and interactive services through be removed.
a network interface unit.

(B) Ducts, Plenums, and Other Air-Handling Spaces.
FPN No. 1: A typical basic system configuration includes Section 300.22 shall apply where installed in ducts, plenums,
a cable supplying power and broadband signal to a network or other spaces used for environmental air.
interface unit that converts the broadband signal to the com-
ponent signals. Typical cables are coaxial cable with both Exception: As permitted in 830.154(B).
broadband signal and power on the center conductor, com-
posite metallic cable with a coaxial member for the broad- (C) Equipment in Other Space Used for Environmental
band signal and a twisted pair for power, and composite Air. Section 300.22(C) shall apply.
optical fiber cable with a pair of conductors for power. Larger
systems may also include network components such as am- (D) Output Circuits. As appropriate for the services pro-
plifiers that require network power. vided, the output circuits derived from the network interface

unit shall comply with the requirements of the following:
830.2 Definitions. See Article 100. For purposes of this

(1) Installations of communications circuits — Article 800article, the following additional definitions apply.
(2) Installations of community antenna television and radio

Abandoned Network-Powered Broadband Communica- distribution circuits — Article 820
tions Cable. Installed network-powered broadband com-

Exception: 830.90(B)(3) shall apply where protection is
munications cable that is not terminated at equipment other

provided in the output of the NIU.
than a connector and not identified for future use with a tag.

(3) Installations of optical fiber cables — Article 770 in
Fault Protection Device. An electronic device that is in-

the NEC
tended for the protection of personnel and functions under

(4) Installations of Class 2 and Class 3 circuits — Article
fault conditions, such as network-powered broadband com-

725
munications cable short or open circuit, to limit the current

(5) Installations of power-limited fire alarm circuits — Arti-
or voltage, or both, for a low-power network-powered broad-

cle 760
band communications circuit and provide acceptable protec-
tion from electric shock. 830.21 Access to Electrical Equipment Behind Panels

Designed to Allow Access. Access to electrical equipmentNetwork Interface Unit (NIU). A device that converts a
shall not be denied by an accumulation of wires and cablesbroadband signal into component voice, audio, video, data,
that prevents removal of panels, including suspended ceilingand interactive services signals. The NIU provides isolation
panels.between the network power and the premises signal circuits.

The NIU may also contain primary and secondary protectors.
830.24 Mechanical Execution of Work. Network-pow-
ered broadband communications circuits and equipmentNetwork-Powered Broadband Communications Circuit.

The circuit extending from the communications utility’s shall be installed in a neat and workmanlike manner. Cables
installed exposed on the surface of ceilings and sidewallsserving terminal or tap up to and including the NIU.
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(F) Above Roofs. Network-powered broadband communi-shall be supported by the building structure in such a manner
that the cable will not be damaged by normal building use. 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.Such cables shall be secured by straps, staples, hangers, or
similar fittings designed and installed so as not to damage

Exception No. 1: Auxiliary buildings such as garages andthe cable. The installation shall also conform with 300.4(D)
the like.and 300.11.

Exception No. 2: A reduction in clearance above only the
overhanging portion of the roof to not less than 450 mmII. Cables Outside and Entering Buildings
(18 in.) shall be permitted if (1) not more than 1.2 m (4 ft)

830.40 Entrance Cables. Network-powered broadband of the broadband communications drop cables pass above
communications cables located outside and entering build- the roof overhang, and (2) they are terminated at a through-
ings shall comply with 830.40(A) and 830.40(B). the-roof raceway or support.

(A) Medium Power Circuits. Medium power network- Exception No. 3: Where the roof has a slope of not less
powered broadband communications circuits located outside than 100 mm in 300 mm (4 in. in 12 in.), a reduction in
and entering buildings shall be installed using Type BMU, clearance to not less than 900 mm (3 ft) shall be permitted.
Type BM, or Type BMR network-powered broadband com-

(G) Final Spans. Final spans of network-powered broad-munications medium power cables.
band communications cables without an outer jacket shall

(B) Low-Power Circuits. Low-power network-powered be permitted to be attached to the building, but they shall
broadband communications circuits located outside and en- be kept not less than 900 mm (3 ft) from windows that are
tering buildings shall be installed using Type BLU or Type designed to be opened, doors, porches, balconies, ladders,
BLX low-power network-powered broadband communica- stairs, fire escapes, or similar locations.
tions cables. Cables shown in Table 830.133 shall be permit-

Exception: Conductors run above the top level of a windowted to substitute.
shall be permitted to be less than the 900-mm (3-ft) require-

Exception: Outdoor community antenna television and ment above.
radio distribution system coaxial cables installed prior to
January 1, 2000, and installed in accordance with Article (I) On Buildings. Where attached to buildings, network-
820, shall be permitted for low-power-type, network-pow- powered broadband communications cables shall be securely
ered broadband communications circuits. fastened in such a manner that they are separated from other

conductors in accordance with 830.44(I)(3) and (I)(4).
830.44 Aerial Cables. Aerial network-powered broadband

(3) Lightning Conductors. Where practicable, a separa-communications cables shall comply with 830.44(D), (E),
tion of at least 1.8 m (6 ft) shall be maintained between(F), (G), and (I).
any network-powered broadband communications cable and
lightning conductors.(D) Clearance from Ground. Overhead spans of network-

powered broadband communication cables shall conform to
(4) Protection from Damage. Network-powered broad-not less than the following:
band communications cables attached to buildings and lo-

(1) 2.9 m (9.5 ft) — above finished grade, sidewalks, or cated within 2.5 m (8 ft) of finished grade shall be protected
from any platform or projection from which they might by enclosures, raceways, or other approved means.
be reached and accessible to pedestrians only

Exception: A low-power network-powered broadband com-(2) 3.5 m (11.5 ft) — over residential property and drive-
munications circuit that is equipped with a listed fault protec-ways, and those commercial areas not subject to truck
tion device, appropriate to the network-powered broadbandtraffic
communications cable used, and located on the network side(3) 4.7 m (15.5 ft) — over public streets, alleys, roads,
of the network-powered broadband communications cableparking areas subject to truck traffic, driveways on other
being protected.than residential property, and other land traversed by

vehicles such as cultivated, grazing, forest, and orchard
830.47 Underground Circuits Entering Buildings.

(E) Over Pools. Clearance of network-powered broadband
communications cable in any direction from the water level, (B) Direct-Buried Cables and Raceways. Direct-buried

network-powered broadband communications cables shalledge of pool, base of diving platform, or anchored raft shall
comply with those clearances in 680.8. be separated at least 300 mm (12 in.) from conductors of
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Exception: Where electrical protection is provided on theany light, power, non–power-limited fire alarm circuit con-
ductors or Class 1 circuit. derived circuit(s) (output side of the NIU) in accordance

with 830.90(B)(3).
Exception No. 1: Where electric service conductors or net-
work-powered broadband communications cables are in- (B) Location. The location of the primary protector, where
stalled in raceways or have metal cable armor. required, shall comply with (B)(1), (B)(2), or (B)(3):

Exception No. 2: Where electric light or power branch-
(1) A listed primary protector shall be applied on each

circuit or feeder conductors, non–power-limited fire alarm
network-powered broadband communications cable ex-

circuit conductors, or Class 1 circuit conductors are installed
ternal to and on the network side of the network interface

in a raceway or in metal-sheathed, metal-clad, or Type UF
unit.

or Type USE cables; or the network-powered broadband
(2) The primary protector function shall be an integral part

communications cables have metal cable armor or are in-
of and contained in the network interface unit. The

stalled in a raceway.
network interface unit shall be listed as being suitable
for application with network-powered broadband com-(C) Mechanical Protection. Direct-buried cable, conduit,
munications systems and shall have an external markingor other raceways shall be installed to meet the minimum
indicating that it contains primary electrical protection.cover requirements of Table 830.47. In addition, direct-bur-

(3) The primary protector(s) shall be provided on the de-ied cables emerging from the ground shall be protected by
rived circuit(s) (output side of the NIU), and the combi-enclosures, raceways, or other approved means extending
nation of the NIU and the protector(s) shall be listed asfrom the minimum cover distance required by Table 830.47
being suitable for application with network-poweredbelow grade to a point at least 2.5 m (8 ft) above finished
broadband communications systems.grade. In no case shall the protection be required to exceed

450 mm (18 in.) below finished grade. Type BMU and
A primary protector, whether provided integrally or ex-BLU direct-buried cables emerging from the ground shall

ternal to the network interface unit, shall be located as closebe installed in rigid metal conduit, intermediate metal con-
as practicable to the point of entrance.duit, rigid nonmetallic conduit, or other approved means

For purposes of this section, a network interface unitextending from the minimum cover distance required by
and any externally provided primary protectors located atTable 830.47 below grade to the point of entrance.
mobile home service equipment located in sight from and

Exception: A low-power network-powered broadband com- not more than 9.0 m (30 ft) from the exterior wall of the
munications circuit that is equipped with a listed fault protec- mobile home it serves, or at a mobile home disconnecting
tion device, appropriate to the network-powered broadband means grounded in accordance with 250.32 and located in
communications cable used, and located on the network side sight from and not more than 9.0 m (30 ft) from the exterior
of the network-powered broadband communications cable wall of the mobile home it serves, shall be considered to
being protected. meet the requirements of this section.

FPN: Selecting a network interface unit and primary protec-(D) Pools. Cables located under the pool or within the area
tor location to achieve the shortest practicable primary pro-extending 1.5 m (5 ft) horizontally from the inside wall
tector grounding conductor helps limit potential differencesof the pool shall meet those clearances and requirements
between communications circuits and other metallic sys-

specified in 680.10. tems.

830.93 Grounding or Interruption of Metallic MembersIII. Protection
of Network-Powered Broadband Communications Ca-

830.90 Primary Electrical Protection. bles. The shields of network-powered broadband communi-
cations cables used for communications or powering shall(A) Application. Primary electrical protection shall be pro-

vided on all network-powered broadband communications be grounded at the building as close as practicable to the
point of entrance or attachment of the NIU. Metallic cableconductors that are neither grounded nor interrupted and are

run partly or entirely in aerial cable not confined within a members not used for communications or powering shall be
grounded or interrupted by an insulating joint or equivalentblock. Also, primary electrical protection shall be provided

on all aerial or underground network-powered broadband device as close as practicable to the point of entrance or
attachment of the NIU.communications conductors that are neither grounded nor

interrupted and are located within the block containing the For purposes of this section, grounding or interruption of
network-powered broadband communications cable metallicbuilding served so as to be exposed to lightning or accidental

contact with electric light or power conductors operating at members installed at mobile home service equipment located
in sight from and no more than 9.0 m (30 ft) from theover 300 volts to ground.
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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

Rigid Metal Conduit or Concrete 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 450 18 150 6 300 12
specified below

In trench below 50-mm 300 12 150 6 150 6
(2-in.) thick concrete or
equivalent

Under a building (in 0 0 0 0 0 0
raceway only)

Under minimum of 100- 300 12 100 4 100 4
mm (4-in.) thick
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 300 12 300 12 300 12
dwelling driveways
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.).

exterior wall of the mobile home it serves, or at a mobile protectors, NIUs with metallic enclosures, primary protec-
tors, and the metallic members of the network-poweredhome disconnecting means grounded in accordance with

250.32 and located in sight from and not more than 9.0 m broadband communications cable that are intended to be
grounded shall be grounded as specified in 830.100(A)(30 ft) from the exterior wall of the mobile home it serves,

shall be considered to meet the requirements of this section. through 830.100(D).

FPN: Selecting a grounding location to achieve the shortest
(A) Grounding Conductor.practicable grounding conductor helps limit potential differ-

ences between the network-powered broadband communica-
(1) Insulation. The grounding conductor shall be insulatedtions circuits and other metallic systems.
and shall be listed as suitable for the purpose.

IV. Grounding Methods
(2) Material. The grounding conductor shall be copper or
other corrosion-resistant conductive material, stranded or830.100 Cable, Network Interface Unit, and Primary

Protector Grounding. Network interface units containing solid.
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(2) In Buildings or Structures Without Grounding(3) Size. The grounding conductor shall not be smaller than
14 AWG and shall have a current-carrying capacity approxi- Means. If the building or structure served has no grounding

means, as described in (B)(1), the grounding conductor shallmately equal to that of the grounded metallic member(s) and
protected conductor(s) of the network-powered broadband be connected to either of the following:
communications cable. The grounding conductor shall not

(1) To any one of the individual electrodes described inbe required to exceed 6 AWG.
250.52(A)(1), (A)(2), (A)(3), or (A)(4)

(4) Length. The grounding conductor shall be as short as (2) If the building or structure served has no grounding
practicable. In one-family and multifamily dwellings, the means, as described in 830.100(B)(1) or (B)(2)(1), to
grounding conductor shall be as short as permissible, not to an effectively grounded metal structure or to a ground
exceed 6.0 m (20 ft) in length. 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, intoException: In one- and two-family dwellings where it is
permanently damp earth and separated from lightningnot practicable to achieve an overall maximum grounding
conductors as covered in 800.53 in the NEC and at leastconductor length of 6.0 m (20 ft), a separate communications
1.8 m (6 ft) from electrodes of other systems. Steam orground rod meeting the minimum dimensional criteria of
hot water pipes or lightning-rod conductors shall not830.100(B)(2)(2) shall be driven, and the grounding conduc-
be employed as electrodes for protectors, NIUs withtor shall be connected to the communications ground rod
integral protection, grounded metallic members, NIUsin accordance with 830.100(C). The communications ground
with metallic enclosures, and other equipment.rod shall be bonded to the power grounding electrode system

in accordance with 830.100(D). (C) Electrode Connection. Connections to grounding
electrodes shall comply with 250.70.(5) Run in Straight Line. The grounding conductor shall

be run to the grounding electrode in as straight a line as (D) Bonding of Electrodes. A bonding jumper not smaller
practicable. than 6 AWG copper or equivalent shall be connected between

the network-powered broadband communications system(6) Physical Protection. Where subject to physical dam-
grounding electrode and the power grounding electrode sys-age, the grounding conductor shall be adequately protected.
tem at the building or structure served where separate elec-Where the grounding conductor is run in a metal raceway,
trodes are used.both ends of the raceway shall be bonded to the grounding

conductor or the same terminal or electrode to which the Exception: At mobile homes as covered in 830.106.
grounding conductor is connected.

FPN No. 1: See 250.60 for use of lightning rods.
(B) Electrode. The grounding conductor shall be con-

FPN No. 2: Bonding together of all separate electrodes lim-nected as follows.
its potential differences between them and between their
associated wiring systems.(1) In Buildings or Structures with Grounding Means.

To the nearest accessible location on the following:
830.106 Bonding and Grounding at Mobile Homes.

(1) The building or structure grounding electrode system
(A) Grounding. Where there is no mobile home serviceas covered in 250.50
equipment located in sight from and not more than 9.0 m(2) The grounded interior metal water piping system, within
(30 ft) from the exterior wall of the mobile home it serves,1.5 m (5 ft) from its point of entrance to the building,
or there is no mobile home disconnecting means groundedas covered in 250.52
in accordance with 250.32 and located within sight from(3) The power service accessible means external to enclo-
and not more than 9.0 m (30 ft) from the exterior wall ofsures as covered in 250.94
the mobile home it serves, the network-powered broadband(4) The metallic power service raceway
communications cable, network interface unit, and primary(5) The service equipment enclosure
protector ground shall be installed in accordance with(6) The grounding electrode conductor or the grounding
830.100(B)(2).electrode metal enclosure, or

(7) The grounding conductor or the grounding electrode
(B) Bonding. The network-powered broadband communi-of a building or structure disconnecting means that is
cations cable grounding terminal, network interface unitgrounded to an electrode as covered in 250.32
grounding terminal, if present, and primary protector
grounding terminal shall be bonded together with a copperFor purposes of this section, the mobile home service

equipment or the mobile home disconnecting means, as de- bonding conductor not smaller than 12 AWG. The network-
powered broadband communications cable grounding termi-scribed in 830.93, shall be considered accessible.
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nal, network interface unit grounding terminal, primary pro- (5) Community antenna television and radio distribution
systems in compliance with Article 820tector grounding terminal, or the grounding electrode shall

be bonded to the metal frame or available grounding terminal
(d) Electric Light, Power, Class 1, Non–Poweredof the mobile home with a copper bonding conductor not

Broadband Communications Circuit Cables. Network-pow-smaller than 12 AWG under any of the following conditions:
ered broadband communications cable shall not be placed

(1) Where there is no mobile home service equipment or in any raceway, compartment, outlet box, junction box, or
disconnecting means as in 830.106(A) similar fittings with conductors of electric light, power, Class

(2) Where the mobile home is supplied by cord and plug 1, or non–power-limited fire alarm circuit cables.

Exception No. 1: Where all of the conductors of electric
V. Wiring Methods Within Buildings light, power, Class 1, non–power-limited fire alarm circuits

are separated from all of the network-powered broadband830.133 Installation of Network-Powered Broadband
communications cables by a permanent barrier or listedCommunications Cables and Equipment. Cable and
divider.equipment installations within buildings shall comply with

830.133(A) through 830.133(D), as applicable. Exception No. 2: Power circuit conductors in outlet boxes,
junction boxes, or similar fittings or compartments where

(A) Separation of Conductors. such conductors are introduced solely for power supply to
the network-powered broadband communications system(1) In Raceways and Enclosures.
distribution equipment. The power circuit conductors shall

(a) Low and Medium Power Network-Powered Broad- be routed within the enclosure to maintain a minimum 6-
band Communications Circuit Cables. Low and medium mm (0.25-in.) separation from network-powered broadband
power network-powered broadband communications cables communications cables.
shall be permitted in the same raceway or enclosure.

(2) Other Applications. Network-powered broadband(b) Low-Power Network-Powered Broadband Commu-
communications cable shall be separated at least 50 mm (2nications Circuit Cables. Low-power network-powered
in.) from conductors of any electric light, power, Class 1,broadband communications cables shall be permitted in the
and non–power-limited fire alarm circuits.same raceway or enclosure with jacketed cables of any of

the following circuits:
Exception No. 1: Where either (1) all of the conductors of
electric light, power, Class 1, and non–power-limited fire(1) Class 2 and Class 3 remote-control, signaling, and
alarm circuits are in a raceway, or in metal-sheathed, metal-power-limited circuits in compliance with Article 725
clad, nonmetallic-sheathed, Type AC, or Type UF cables, or(2) Power-limited fire alarm systems in compliance with
(2) all of the network-powered broadband communicationsArticle 760
cables are encased in raceway.(3) Communications circuits in compliance with Article

800
(B) Support of Conductors. Raceways shall be used for(4) Nonconductive and conductive optical fiber cables in
their intended purpose. Network-powered broadband com-compliance with Article 770 in the NEC
munications cables shall not be strapped, taped, or attached(5) Community antenna television and radio distribution
by any means to the exterior of any conduit or raceway assystems in compliance with Article 820
a means of support.

(c) Medium Power Network-Powered Broadband
(C) Cable Substitutions. The substitutions for network-Communications Circuit Cables. Medium power network-
powered broadband cables listed in Table 830.133 shall bepowered broadband communications cables shall not be per-
permitted. All cables in Table 830.133, other than network-mitted in the same raceway or enclosure with conductors of
powered broadband cables, shall be coaxial cables.any of the following circuits:

(D) Installation and Use. Section 110.3(B) shall apply.(1) Class 2 and Class 3 remote-control, signaling, and
power-limited circuits in compliance with Article 725

830.151 Medium Power Network-Powered Broadband(2) Power-limited fire alarm systems in compliance with
Article 760 Communications System Wiring Methods. Medium

power network-powered broadband communications sys-(3) Communications circuits in compliance with Article
800 tems shall be installed within buildings using listed Type

BM or Type BMR, network-powered broadband communi-(4) Conductive optical fiber cables in compliance with Arti-
cle 770 in the NEC cations medium power cables.
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Table 830.133 Cable Substitutions (C) Riser. Cables installed in risers shall comply with any
of the requirements in 830.154(C)(1), (C)(2), or (C)(3).

Cable Type Permitted Cable Substitutions
(1) Cables in Vertical Runs. Cables installed in vertical

BM BMR runs and penetrating more than one floor, or cables installed
in vertical runs in a shaft, shall be Type BLP, BLR, or BMR.BLP CMP, CL3P
Floor penetrations requiring Type BMR or BLR shall containBLR CMP, CL3P, CMR, CL3R, BLP, BMR
only cables suitable for riser or plenum use.BL CMP, CMR, CM, CMG, CL3P, CL3R, CL3,

BMR, BM, BLP, BLR (2) Metal Raceways or Fireproof Shafts. Type BLX ca-
BLX CMP, CMR, CM, CMG, CMX, CL3P, CL3R, bles shall be permitted to be encased in a metal raceway or

CL3, CL3X, BMR, BM, BLP, BRP, BL located in a fireproof shaft having firestops at each floor.

(3) One- and Two-Family Dwellings. Type BLX or BL
cables less than 10 mm (0.375 in.) in diameter shall be(A) Ducts, Plenums, and Other Air-Handling Spaces.
permitted in one- and two-family dwellings.Section 300.22 shall apply.

(D) Other Wiring. Cables installed in locations other than(B) Riser. Cables installed in vertical runs and penetrating
those covered in 830.154(A), (B), and (C) shall comply withmore than one floor, or cables installed in vertical runs in
the requirements of 830.154(D)(1) through (D)(5).a shaft, shall be Type BMR. Floor penetrations requiring

Type BMR shall contain only cables suitable for riser or (1) General. Type BLP, BL, or BM shall be permitted.
plenum use.

(2) In Raceways. Type BLX shall be permitted to be in-Exception No. 1: Type BM cables encased in metal raceway
stalled in a raceway.or located in a fireproof shaft that has firestops at each

floor. (3) Type BLU Cable. Type BLU cable entering the build-
ing from outside shall be permitted to be run in rigid metalException No. 2: Type BM cables in one- and two-family
conduit or intermediate metal conduit. Such conduits shalldwellings.
be grounded to an electrode in accordance with 830.100(B).

(C) Other Wiring. Cables installed in locations other than
(4) One- and Two-Family Dwellings. Type BLX or BLthe locations covered in 830.151(A) and 830.151(B) shall
cables less than 10 mm (0.375 in.) in diameter shall bebe Type BM.
permitted to be installed in one- and two-family dwellings.

Exception: Type BMU cable where the cable enters the
building from the outside and is run in rigid metal conduit (5) Type BLX Cable. Type BLX cable entering the build-
or intermediate metal conduit, and such conduits are ing from outside and terminated at a grounding block or a
grounded to an electrode in accordance with 830.100(B). primary protection location shall be permitted to be installed,

provided that the length of cable within the building does
830.154 Low-Power Network-Powered Broadband not exceed 15 m (50 ft).
Communications System Wiring Methods. Low-power

FPN: This provision limits the length of Type BLX cablenetwork-powered broadband communications systems shall
to 15 m (50 ft), while 830.90(B) requires that the primary

comply with any of the requirements of 830.154(A) through protector, or NIU with integral protection, be located as
830.154(D). close as practicable to the point at which the cable enters

the building. Therefore, in installations requiring a primary
(A) In Buildings. Low-power network-powered broad- protector, or NIU with integral protection, Type BLX cable

may not be permitted to extend 15 m (50 ft) into the buildingband communications systems shall be installed within
if it is practicable to place the primary protector closer thanbuildings using listed Type BLX, Type BL, Type BLR, or
15 m (50 ft) to the entrance point.Type BLP network-powered broadband communications

low-power cables.
830.157 Protection Against Physical Damage. Section
300.4 shall apply.(B) Ducts, Plenums, and Other Air-Handling Spaces.

Cables installed in ducts, plenums, and other spaces used
830.160 Bends. Bends in network broadband cable shallfor environmental air shall be Type BLP. Type BLX cable

installed in compliance with 300.22 shall be permitted. be made so as not to damage the cable.
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