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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.
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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these documents may be superseded at any time by the issuance of new editions or may be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 documentis 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 selfregulation, 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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70A-1

Copyright © 2005 NFPA, All Rights Reserved

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—ii

NATIONAL ELECTRICAL CODE COMMITTEE

NATIONAL ELECTRICAL CODE COMMITTEE

This list represents the membership at the time the Technical Correlating Committee was balloted on the final text of this
edition. Since that time, changes in the membership may have occurred. A key to classifications is found at the back of this

book.

Technical Correlating Committee

James W. Carpenter, Chair [E]
International Association of Electrical Inspectors, TX
Rep. International Association of Electrical Inspectors

Mark W. Earley, Secretary
National Fire Protection Association, MA

(nonvoting)

Jean A. O’Connor, Recording Secretary
National Fire Protection Association, MA

(nonvoting)

James E. Brunssen, Telcordia, NJ [UT]

Rep. Alliance for Telecommunications Industry Solutions

Michael 1. Callanan, National Joint Apprentice & Training

Committee, MD [L]

Rep. International Brotherhood of Electrical Workers

William R. Drake, Marinco, CA [M]

John R. Kovacik, Underwriters Laboratories Incorporated, IL
[RT]

William M. Lewis, Eli Lilly & Company, IN [U]

Rep. American Chemistry Council

James T. Pauley, Square D Company, KY [M]

Rep. National Electrical Manufacturers Association

Michael D. Toman, MEGA Power Electrical Services,
Incorporated, MD [IM]

Rep. National Electrical Contractors Association

John W. Troglia, Edison Electric Institute, WI [UT]

Rep. Electric Light & Power Group/EEI

Alternates

Jeffrey Boksiner, Telcordia Technologies, Incorporated, NJ
[UT]

Rep. Alliance for Telecommunications Industry Solutions

(Alt. to J. E. Brunssen)

Philip H. Cox, Bigelow, AR [E]

Rep. International Association of Electrical Inspectors

(Alt. To J. W. Carpenter)

James M. Daly, General Cable, NJ [M]

Rep. National Electrical Manufacturers Association

(Alt. to J. T. Pauley)

Stanley J. Folz, Folz Electric, Incorporated, IL [IM]

Rep. National Electrical Contractors Association

(Alt. to M. D. Toman)

Palmer L. Hickman, National Joint Apprentice & Training
Committee, MD [L]

Rep. International Brotherhood of Electrical Workers

(Alt. to M. I. Callanan)

Neil F. LaBrake, Jr., Niagara Mohawk, a National Grid
Company, NY [UT]

Rep. Electric Light & Power Group/EEI

(Alt. to J. W. Troglia)

Danny P. Liggett, DuPont Co., TX [U]

Rep. American Chemistry Council

(Alt. to W. M. Lewis)

Mark C. Ode, Underwriters Laboratories, Incorporated, NC
[RT]

(Alt. to J. R. Kovacik)

Nonvoting

Richard G. Biermann, Biermann Electric Company,
Incorporated, 1A [IM]

(Member Emeritus)

D. Harold Ware, Libra Electric Company, OK [IM]
(Member Emeritus)
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ARTICLE 90 — INTRODUCTION

70A-1

NFPA 70A

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

2005 Edition

IMPORTANT NOTE: This NFPA document is made
available for use subject to important notices and legal dis-
claimers. These notices and disclaimers appear in all publi-
cations containing this document and may be found under
the heading “Important Notices and Disclaimers Concern-
ing NFPA Documents.” They can also be obtained on re-
quest from NFPA or viewed at www.nfpa.org/disclaimers.

Throughout this document the term “this Code” refers
to the compilation of requirements for electrical installations
in one- and two-family dwelling units contained therein that
have been extracted from NFPA 70-2005, National Electrical
Code® (NEC®).

ARTICLE 90
Introduction

90.1 Purpose.

(A) Practical Safeguarding. The purpose of the NEC is the
practical safeguarding of persons and property from hazards
arising from the use of electricity.

(B) Adequacy. This Code contains provisions that are con-
sidered necessary for safety. Compliance therewith and
proper maintenance results in an installation that is essen-
tially free from hazard but not necessarily efficient, conve-
nient, or adequate for good service or future expansion of
electrical use.
FPN: Hazards often occur because of overloading of wiring
systems by methods or usage not in conformity with this
Code. This occurs because initial wiring did not provide
for increases in the use of electricity. An initial adequate

installation and reasonable provisions for system changes
provide for future increases in the use of electricity.

(C) Intention. This Code is not intended as a design speci-
fication or an instruction manual for untrained persons.

(D) Relation to Other International Standards. The re-
quirements in this Code address the fundamental principles
of protection for safety contained in Section 131 of Interna-
tional Electrotechnical Commission Standard 60364-1, Elec-
trical Installations of Buildings.

FPN: IEC 60364-1, Section 131, contains fundamental prin-

ciples of protection for safety that encompass protection
against electric shock, protection against thermal effects,

NFPA 70A NATIONAL ELECTRICAL CODE® REQUIREMENTS FOR ONE- AND TWO-FAMILY DWELLINGS

Full document details: NFPA 70A 2005

protection against overcurrent, protection against fault cur-
rents, and protection against overvoltage. All of these poten-
tial hazards are addressed by the requirements in this Code.

90.2 Scope.

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

(B) Not Covered.

(1) This Code does not contain all of the rules necessary
to cover mobile homes and manufactured homes, recre-
ational vehicles, park trailers, floating dwelling units,
buildings containing more than two dwelling units or
buildings used for other than dwelling purposes. For
those installations, the 2005 National Electrical Code
(NFPA 70-2005) shall apply.

(5) This Code does not cover installations under the exclu-
sive control of an electric utility where such installations
a. Consist of service drops or service laterals, and asso-
ciated metering, or

b. Are located in legally established easements, rights-
of-way, or by other agreements either designated by
or recognized by public service commissions, utility
commissions, or other regulatory agencies having
jurisdiction for such installations, or

c. Are on property owned or leased by the electric utility
for the purpose of communications, metering, genera-
tion, control, transformation, transmission, or distri-
bution of electric energy.

FPN to (5): Examples of utilities may include those entities
that are typically designated or recognized by governmental
law or regulation by public service/utility commissions and
that install, operate, and maintain electric supply (such as
generation, transmission, or distribution systems) or commu-
nication systems (such as telephone, CATV, Internet, satel-
lite, or data services). Utilities may be subject to compliance
with codes and standards covering their regulated activities
as adopted under governmental law or regulation. Additional
information can be found through consultation with the ap-
propriate governmental bodies, such as state regulatory com-
missions, Federal Energy Regulatory Commission, and
Federal Communications Commission.

(C) Special Permission. The authority having jurisdiction
for enforcing this Code may grant exception for the installa-
tion of conductors and equipment that are not under the
exclusive control of the electric utilities and are used to
connect the electric utility supply system to the service-
entrance conductors of the premises served, provided such
installations are outside a building or terminate immediately
inside a building wall.

90.3 Code Arrangement. This Code is divided into the
introduction and nine chapters, as shown in Figure 90.3.
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ARTICLE 90 — INTRODUCTION

| Chapter 1 — General |

| Chapter 2 — Wiring and Protection | Applies generally
to all electrical

installations

| Chapter 3 — Wiring Methods and Materials |

| Chapter 4 — Equipment for General Use |

| Chapter 5 — Special Occupancies|

Supplements or modifies

Chapters 1 through 4 | Chapter 6 — Special Equipment |

| Chapter 7 — Special Conditions |

Chapter 8 is not subject
to the requirements of
- Chapters 1 through 7 except
| Chapter 8 — Communications Systems | whenF')e the requil:zegment;( arz
specifically referenced in
Chapter 8.

| Applicable as referenced

| Chapter 9 — Tables

| Informational only;

| Annex C, Annex D, and Annex G
not mandatory

Figure 90.3 Code Arrangement.

Chapters 1, 2, 3, and 4 apply generally; Chapters 5, 6, and
7 apply to special occupancies, special equipment, or other
special conditions. These latter chapters supplement or mod-
ify the general rules. Chapters 1 through 4 apply except as
amended by Chapters 5, 6, and 7 for the particular conditions.

Chapter 8 covers communications systems and is not
subject to the requirements of Chapters 1 through 7 except
where the requirements are specifically referenced in Chap-
ter 8.

Chapter 9 consists of tables.

Annexes are not part of the requirements of this Code
but are included for informational purposes only.

90.4 Enforcement. This Code is intended to be suitable for
mandatory application by governmental bodies that exercise
legal jurisdiction over electrical installations, including sig-
naling and communications systems, and for use by insur-
ance inspectors. The authority having jurisdiction for
enforcement of the Code has the responsibility for making
interpretations of the rules, for deciding on the approval
of equipment and materials, and for granting the special
permission contemplated in a number of the rules.

By special permission, the authority having jurisdiction
may waive specific requirements in this Code or permit
alternative methods where it is assured that equivalent objec-
tives can be achieved by establishing and maintaining effec-
tive safety.

This Code may require new products, constructions, or
materials that may not yet be available at the time the Code
is adopted. In such event, the authority having jurisdiction
may permit the use of the products, constructions, or materi-
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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
this Code in the form of fine print notes (FPNs). Fine print
notes are informational only and are not enforceable as re-
quirements of this Code.

Brackets containing section references to another NFPA
document are for informational purposes only and are pro-
vided as a guide to indicate the source of the extracted text.
These bracketed references immediately follow the extracted
text.

FPN: The format and language used in this Code follows
guidelines established by NFPA and published in the NEC
Style Manual. Copies of this manual can be obtained from
NFPA.

(D) Application of the NEC. It is recognized that there
may be portions of an installation in a one- or two-family
dwelling that are not covered by this Code. In those installa-
tions, the requirements of the 2005 National Electrical Code
(NFPA 70-2005) shall apply. If there is a technical difference
between the requirements of this Code and the requirements
contained in the 2005 National Electrical Code (NFPA 70-
2005), the requirements of NFPA 70-2005 shall apply.

Other wiring methods, materials, and subject matter
covered in the 2005 National Electrical Code (NFPA 70-
2005) are also recognized by this Code.

90.6 Formal Interpretations. To promote uniformity of
interpretation and application of the provisions of this Code,
formal interpretation procedures have been established and
are found in the NFPA Regulations Governing Committee
Projects. The technical requirements of this Code are ex-
tracted from the 2005 National Electrical Code (NFPA 70-
2005). Requests for formal interpretations of this Code shall
be processed based on the requirements contained in the
2005 National Electrical Code (NFPA 70-2005).
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90.7 Examination of Equipment for Safety. For specific
items of equipment and materials referred to in this Code,
examinations for safety made under standard conditions pro-
vide a basis for approval where the record is made generally
available through promulgation by organizations properly
equipped and qualified for experimental testing, inspections
of the run of goods at factories, and service-value determina-
tion through field inspections. This avoids the necessity for
repetition of examinations by different examiners, frequently
with inadequate facilities for such work, and the confusion
that would result from conflicting reports on the suitability
of devices and materials examined for a given purpose.

It is the intent of this Code that factory-installed internal
wiring or the construction of equipment need not be in-
spected at the time of installation of the equipment, except
to detect alterations or damage, if the equipment has been
listed by a qualified electrical testing laboratory that is recog-
nized as having the facilities described in the preceding
paragraph and that requires suitability for installation in
accordance with this Code.

FPN No. 1: See requirements in 110.3.
FPN No. 2: Listed is defined in Article 100.

FPN No. 3: Annex A in the NEC contains an informative
list of product safety standards for electrical equipment.

90.8 Wiring Planning.

(A) Future Expansion and Convenience. Plans and speci-
fications that provide ample space in raceways, spare race-
ways, and additional spaces allow for future increases in
electric power and communication circuits. Distribution cen-
ters located in readily accessible locations provide conve-
nience and safety of operation.

(B) Number of Circuits in Enclosures. It is elsewhere
provided in this Code that the number of wires and circuits
confined in a single enclosure be varyingly restricted. Lim-
iting the number of circuits in a single enclosure minimizes
the effects from a short circuit or ground fault in one circuit.

90.9 Units of Measurement.

(A) Measurement System of Preference. For the purpose
of this Code, metric units of measurement are in accordance
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with the modernized metric system known as the Interna-
tional System of Units (SI).

(B) Dual System of Units. SI units shall appear first, and
inch-pound units shall immediately follow in parentheses.
Conversion from inch-pound units to SI units shall be based
on hard conversion except as provided in 90.9(C).

(C) Permitted Uses of Soft Conversion. The cases given
in 90.9(C)(1) through (C)(4) shall not be required to use hard
conversion and shall be permitted to use soft conversion.

(1) Trade Sizes. Where the actual measured size of a prod-
uct is not the same as the nominal size, trade size designators
shall be used rather than dimensions. Trade practices shall
be followed in all cases.

(2) Extracted Material. Where material is extracted from
another standard, the context of the original material shall
not be compromised or violated. Any editing of the extracted
text shall be confined to making the style consistent with
that of the NEC.

(3) Industry Practice. Where industry practice is to ex-
press units in inch-pound units, the inclusion of SI units
shall not be required.

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

(D) Compliance. Conversion from inch-pound units to SI
units shall be permitted to be an approximate conversion.
Compliance with the numbers shown in either the SI system
or the inch-pound system shall constitute compliance with
this Code.

FPN No. 1: Hard conversion is considered a change in
dimensions or properties of an item into new sizes that might
or might not be interchangeable with the sizes used in the
original measurement. Soft conversion is considered a direct
mathematical conversion and involves a change in the de-
scription of an existing measurement but not in the actual
dimension.

FPN No. 2: SI conversions are based on IEEE/ASTM SI
10-1997, Standard for the Use of the International System
of Units (SI): The Modern Metric System.
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Chapter 1 General

ARTICLE 100
Definitions

Scope. This article contains only those definitions essential
to the proper application of this Code. It is not intended
to include commonly defined general terms or commonly
defined technical terms from related codes and standards.
In general, only those terms that are used in two or more
articles are defined in Article 100. Other definitions are
included in the article in which they are used but may be
referenced in Article 100.

1. General

Accessible (as applied to equipment). Admitting close ap-
proach; not guarded by locked doors, elevation, or other
effective means.

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

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

Ampacity. The current, in amperes, that a conductor can
carry continuously under the conditions of use without ex-
ceeding its temperature rating.

Appliance. Utilization equipment, generally other than in-
dustrial, that is normally built in standardized sizes or types
and is installed or connected as a unit to perform one or
more functions such as clothes washing, air conditioning,
food mixing, deep frying, and so forth.

Approved. Acceptable to the authority having jurisdiction.

Attachment Plug (Plug Cap) (Plug). A device that, by
insertion in a receptacle, establishes a connection between
the conductors of the attached flexible cord and the conduc-
tors connected permanently to the receptacle.

Authority Having Jurisdiction (AHJ). The organization,
office, or individual responsible for approving equipment,
materials, an installation, or a procedure.

FPN: The phrase “authority having jurisdiction” is used in
NFPA documents in a broad manner, since jurisdictions and
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approval agencies vary, as do their responsibilities. Where
public safety is primary, the AHJ may be a federal, state,
local, or other regional department or individual such as a
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-
ing bureau, or other insurance company representative may
be the AHJ. In many circumstances, the property owner or
his or her designated agent assumes the role of the AHJ; at
government installations, the commanding officer or depart-
mental official may be the AHJ.

Automatic. Self-acting, operating by its own mechanism
when actuated by some impersonal influence, as, for exam-
ple, a change in current, pressure, temperature, or mechanical
configuration.

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

Bonding (Bonded). The permanent joining of metallic parts
to form an electrically conductive path that ensures electrical
continuity and the capacity to conduct safely any current
likely to be imposed.

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

Bonding Jumper, Equipment. The connection between
two or more portions of the equipment grounding conductor.

Bonding Jumper, Main. The connection between the
grounded circuit conductor and the equipment grounding
conductor at the service.

Branch Circuit. The circuit conductors between the final
overcurrent device protecting the circuit and the outlet(s).

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

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

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

Branch Circuit, Multiwire. A branch circuit that consists
of two or more ungrounded conductors that have a voltage
between them, and a grounded conductor that has equal
voltage between it and each ungrounded conductor of the
circuit and that is connected to the neutral or grounded
conductor of the system.
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Building. A structure that stands alone or that is cut off
from adjoining structures by fire walls with all openings
therein protected by approved fire doors.

Cabinet. An enclosure that is designed for either surface
mounting or flush mounting and is provided with a frame,
mat, or trim in which a swinging door or doors are or can
be hung.

Circuit Breaker. A device designed to open and close a
circuit by nonautomatic means and to open the circuit auto-
matically on a predetermined overcurrent without damage
to itself when properly applied within its rating.

FPN: The automatic opening means can be integral, direct
acting with the circuit breaker, or remote from the circuit
breaker.

Adjustable (as applied to circuit breakers). A qualifying
term indicating that the circuit breaker can be set to trip at
various values of current, time, or both, within a predeter-
mined range.

Instantaneous Trip (as applied to circuit breakers). A quali-
fying term indicating that no delay is purposely introduced
in the tripping action of the circuit breaker.

Inverse Time (as applied to circuit breakers). A qualifying
term indicating that there is purposely introduced a delay in
the tripping action of the circuit breaker, which delay de-
creases as the magnitude of the current increases.

Nonadjustable (as applied to circuit breakers). A qualifying
term indicating that the circuit breaker does not have any
adjustment to alter the value of current at which it will trip
or the time required for its operation.

Setting (of circuit breakers). The value of current, time, or
both, at which an adjustable circuit breaker is set to trip.

Concealed. Rendered inaccessible by the structure or finish
of the building. Wires in concealed raceways are considered
concealed, even though they may become accessible by
withdrawing them.

Conductor, Bare. A conductor having no covering or elec-
trical insulation whatsoever.

Conductor, Covered. A conductor encased within material
of composition or thickness that is not recognized by this
Code as electrical insulation.

Conductor, Insulated. A conductor encased within mate-
rial of composition and thickness that is recognized by this
Code as electrical insulation.

Conduit Body. A separate portion of a conduit or tubing
system that provides access through a removable cover(s)
to the interior of the system at a junction of two or more
sections of the system or at a terminal point of the system.
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Boxes such as FS and FD or larger cast or sheet metal
boxes are not classified as conduit bodies.

Connector, Pressure (Solderless). A device that estab-
lishes a connection between two or more conductors or
between one or more conductors and a terminal by means
of mechanical pressure and without the use of solder.

Continuous Load. A load where the maximum current is
expected to continue for 3 hours or more.

Cooking Unit, Counter-Mounted. A cooking appliance
designed for mounting in or on a counter and consisting of
one or more heating elements, internal wiring, and built-in
or mountable controls.

Copper-Clad Aluminum Conductors. Conductors drawn
from a copper-clad aluminum rod with the copper metallurgi-
cally bonded to an aluminum core. The copper forms a
minimum of 10 percent of the cross-sectional area of a solid
conductor or each strand of a stranded conductor.

Cutout Box. An enclosure designed for surface mounting
that has swinging doors or covers secured directly to and
telescoping with the walls of the box proper.

Dead Front. Without live parts exposed to a person on the
operating side of the equipment.

Demand Factor. The ratio of the maximum demand of a
system, or part of a system, to the total connected load of
a system or the part of the system under consideration.

Device. A unit of an electrical system that is intended to
carry or control but not utilize electric energy.

Disconnecting Means. A device, or group of devices, or
other means by which the conductors of a circuit can be
disconnected from their source of supply.

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

Duty, Continuous. Operation at a substantially constant
load for an indefinitely long time.

Duty, Intermittent. Operation for alternate intervals of (1)
load and no load; or (2) load and rest; or (3) load, no load,
and rest.

Duty, Periodic. Intermittent operation in which the load
conditions are regularly recurrent.

Duty, Short-Time. Operation at a substantially constant
load for a short and definite, specified time.

Duty, Varying. Operation at loads, and for intervals of time,
both of which may be subject to wide variation.

Dwelling Unit. A single unit, providing complete and inde-
pendent living facilities for one or more persons, including
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permanent provisions for living, sleeping, cooking, and sani-
tation.

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

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

Dwelling, Multifamily. A building that contains three or
more dwelling units.

Electric Sign. A fixed, stationary, or portable self-con-
tained, electrically illuminated utilization equipment with
words or symbols designed to convey information or attract
attention.

Enclosed. Surrounded by a case, housing, fence, or wall(s)
that prevents persons from accidentally contacting energized
parts.

Enclosure. The case or housing of apparatus, or the fence
or walls surrounding an installation to prevent personnel
from accidentally contacting energized parts or to protect
the equipment from physical damage.

FPN: See Table 430.91 in the NEC for examples of enclo-
sure types.

Energized. Electrically connected to, or is, a source of volt-
age.

Equipment. A general term including material, fittings, de-
vices, appliances, luminaires (fixtures), apparatus, and the
like used as a part of, or in connection with, an electrical
installation.

Exposed (as applied to live parts). Capable of being inad-
vertently touched or approached nearer than a safe distance
by aperson. Itis applied to parts that are not suitably guarded,
isolated, or insulated.

Exposed (as applied to wiring methods). On or attached
to the surface or behind panels designed to allow access.

Externally Operable. Capable of being operated without
exposing the operator to contact with live parts.

Feeder. All circuit conductors between the service equip-
ment, the source of a separately derived system, or other
power supply source and the final branch-circuit overcurrent
device.

Festoon Lighting. A string of outdoor lights that is sus-
pended between two points.

Fitting. An accessory such as a locknut, bushing, or other
part of a wiring system that is intended primarily to perform
a mechanical rather than an electrical function.

Garage. A building or portion of a building in which one
or more self-propelled vehicles can be kept for use, sale,
storage, rental, repair, exhibition, or demonstration purposes.
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FPN: For commercial garages, repair and storage, see Arti-
cle 511 in the NEC.

Ground. A conducting connection, whether intentional or
accidental, between an electrical circuit or equipment and
the earth or to some conducting body that serves in place
of the earth.

Grounded. Connected to earth or to some conducting body
that serves in place of the earth.

Grounded, Effectively. Intentionally connected to earth
through a ground connection or connections of sufficiently
low impedance and having sufficient current-carrying capac-
ity to prevent the buildup of voltages that may result in
undue hazards to connected equipment or to persons.

Grounded, Solidly. Connected to ground without inserting
any resistor or impedance device.

Grounded Conductor. A system or circuit conductor that
is intentionally grounded.

Ground-Fault Circuit Interrupter (GFCI). A device in-
tended for the protection of personnel that functions to de-
energize a circuit or portion thereof within an established
period of time when a current to ground exceeds the values
established for a Class A device.

FPN: Class A ground-fault circuit interrupters trip when the
current to ground has a value in the range of 4 mA to 6
mA. For further information, see UL 943, Standard for
Ground-Fault Circuit Interrupters.

Ground-Fault Protection of Equipment. A system in-
tended to provide protection of equipment from damaging
line-to-ground fault currents by operating to cause a discon-
necting means to open all ungrounded conductors of the
faulted circuit. This protection is provided at current levels
less than those required to protect conductors from damage
through the operation of a supply circuit overcurrent device.

Grounding Conductor. A conductor used to connect equip-
ment or the grounded circuit of a wiring system to a ground-
ing electrode or electrodes.

Grounding Conductor, Equipment. The conductor used
to connect the non—current-carrying metal parts of equip-
ment, raceways, and other enclosures to the system grounded
conductor, the grounding electrode conductor, or both, at
the service equipment or at the source of a separately derived
system.

Grounding Electrode. A device that establishes an electri-
cal connection to the earth.

Grounding Electrode Conductor. The conductor used to
connect the grounding electrode(s) to the equipment ground-
ing conductor, to the grounded conductor, or to both, at the
service, at each building or structure where supplied by a
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feeder(s) or branch circuit(s), or at the source of a separately
derived system.

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

Handhole Enclosure. An enclosure identified for use in
underground systems, provided with an open or closed bot-
tom, and sized to allow personnel to reach into, but not
enter, for the purpose of installing, operating, or maintaining
equipment or wiring or both.

Identified (as applied to equipment). Recognizable as
suitable for the specific purpose, function, use, environment,
application, and so forth, where described in a particular
Code requirement.

FPN: Some examples of ways to determine suitability of
equipment for a specific purpose, environment, or applica-
tion include investigations by a qualified testing laboratory
(listing and labeling), an inspection agency, or other organi-
zations concerned with product evaluation.

In Sight From (Within Sight From, Within Sight). Where
this Code specifies that one equipment shall be ““in sight
from,” “within sight from,” or ““within sight,” and so forth,
of another equipment, the specified equipment is to be visible
and not more than 15 m (50 ft) distant from the other.

Interrupting Rating. The highest current at rated voltage
that a device is intended to interrupt under standard test
conditions.

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

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

Labeled. Equipment or materials to which has been
attached a label, symbol, or other identifying mark of an
organization that is acceptable to the authority having juris-
diction and concerned with product evaluation, that main-
tains periodic inspection of production of labeled equipment
or materials, and by whose labeling the manufacturer indi-
cates compliance with appropriate standards or performance
in a specified manner.

Lighting Outlet. An outlet intended for the direct connec-
tion of a lampholder, a luminaire (lighting fixture), or a
pendant cord terminating in a lampholder.

Listed. Equipment, materials, or services included in a list
published by an organization that is acceptable to the author-
ity having jurisdiction and concerned with evaluation of
products or services, that maintains periodic inspection of
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production of listed equipment or materials or periodic eval-
uation of services, and whose listing states that the equip-
ment, material, or services either meets appropriate
designated standards or has been tested and found suitable
for a specified purpose.

FPN: The means for identifying listed equipment may vary
for each organization concerned with product evaluation,
some of which do not recognize equipment as listed unless
it is also labeled. Use of the system employed by the listing
organization allows the authority having jurisdiction to iden-
tify a listed product.

Live Parts. Energized conductive components.

Location, Damp. Locations protected from weather and
not subject to saturation with water or other liquids but
subject to moderate degrees of moisture. Examples of such
locations include partially protected locations under cano-
pies, marquees, roofed open porches, and like locations, and
interior locations subject to moderate degrees of moisture,
such as some basements, some barns, and some cold-storage
warehouses.

Location, Dry. A location not normally subject to dampness
or wetness. A location classified as dry may be temporarily
subject to dampness or wetness, as in the case of a building
under construction.

Location, Wet. Installations under ground or in concrete
slabs or masonry in direct contact with the earth; in locations
subject to saturation with water or other liquids, such as
vehicle washing areas; and in unprotected locations exposed
to weather.

Luminaire. A complete lighting unit consisting of a lamp
or lamps together with the parts designed to distribute the
light, to position and protect the lamps and ballast (where
applicable), and to connect the lamps to the power supply.

Multioutlet Assembly. A type of surface, flush, or free-
standing raceway designed to hold conductors and recepta-
cles, assembled in the field or at the factory.

Outlet. A point on the wiring system at which current is
taken to supply utilization equipment.

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

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

Overload. Operation of equipment in excess of normal,
full-load rating, or of a conductor in excess of rated ampacity
that, when it persists for a sufficient length of time, would
cause damage or dangerous overheating. A fault, such as a
short circuit or ground fault, is not an overload.
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Panelboard. A single panel or group of panel units designed
for assembly in the form of a single panel, including buses
and automatic overcurrent devices, and equipped with or
without switches for the control of light, heat, or power
circuits; designed to be placed in a cabinet or cutout box
placed in or against a wall, partition, or other support; and
accessible only from the front.

Plenum. A compartment or chamber to which one or more
air ducts are connected and that forms part of the air distribu-
tion system.

Power Outlet. An enclosed assembly that may include re-
ceptacles, circuit breakers, fuseholders, fused switches,
buses, and watt-hour meter mounting means; intended to
supply and control power to mobile homes, recreational
vehicles, park trailers, or boats or to serve as a means for
distributing power required to operate mobile or temporarily
installed equipment.

Premises Wiring (System). That interior and exterior wir-
ing, including power, lighting, control, and signal circuit
wiring together with all their associated hardware, fittings,
and wiring devices, both permanently and temporarily in-
stalled, that extends from the service point or source of
power, such as a battery, a solar photovoltaic system, or a
generator, transformer, or converter windings, to the out-
let(s). Such wiring does not include wiring internal to appli-
ances, luminaires (fixtures), motors, controllers, motor
control centers, and similar equipment.

Qualified Person. One who has skills and knowledge re-
lated to the construction and operation of the electrical equip-
ment and installations and has received safety training on
the hazards involved.

FPN: Refer to NFPA 70E-2004, Standard for Electrical
Safety in the Workplace, for electrical safety training require-
ments.

Raceway. An enclosed channel of metal or nonmetallic ma-
terials designed expressly for holding wires, cables, or bus-
bars, with additional functions as permitted in this Code.
Raceways include, but are not limited to, rigid metal conduit,
rigid nonmetallic conduit, intermediate metal conduit, lig-
uidtight flexible conduit, flexible metallic tubing, flexible
metal conduit, electrical nonmetallic tubing, electrical metal-
lic tubing, underfloor raceways, cellular concrete floor race-
ways, cellular metal floor raceways, surface raceways,
wireways, and busways.

Rainproof. Constructed, protected, or treated so as to pre-
vent rain from interfering with the successful operation of
the apparatus under specified test conditions.

Raintight. Constructed or protected so that exposure to a
beating rain will not result in the entrance of water under
specified test conditions.
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Receptacle. A receptacle is a contact device installed at the
outlet for the connection of an attachment plug. A single
receptacle is a single contact device with no other contact
device on the same yoke. A multiple receptacle is two or
more contact devices on the same yoke.

Receptacle Outlet. An outlet where one or more receptacles
are installed.

Remote-Control Circuit. Any electric circuit that controls
any other circuit through a relay or an equivalent device.

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

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

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

Service Drop. The overhead service conductors from the
last pole or other aerial support to and including the splices,
if any, connecting to the service-entrance conductors at the
building or other structure.

Service-Entrance Conductors, Overhead System. The
service conductors between the terminals of the service
equipment and a point usually outside the building, clear of
building walls, where joined by tap or splice to the service
drop.

Service-Entrance Conductors, Underground System.
The service conductors between the terminals of the service
equipment and the point of connection to the service lateral.

FPN: Where service equipment is located outside the build-
ing walls, there may be no service-entrance conductors or
they may be entirely outside the building.

Service Equipment. The necessary equipment, usually
consisting of a circuit breaker(s) or switch(es) and fuse(s)
and their accessories, connected to the load end of service
conductors to a building or other structure, or an otherwise
designated area, and intended to constitute the main control
and cutoff of the supply.

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

Service Point. The point of connection between the facili-
ties of the serving utility and the premises wiring.
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Signaling Circuit. Any electric circuit that energizes signal-
ing equipment.

Solar Photovoltaic System. The total components and sub-
systems that, in combination, convert solar energy into elec-
trical energy suitable for connection to a utilization load.

Special Permission. The written consent of the authority
having jurisdiction.

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
it is capable of interrupting its rated current at its rated
voltage.

Switch, General-Use Snap. A form of general-use switch
constructed so that it can be installed in device boxes or on
box covers, or otherwise used in conjunction with wiring
systems recognized by this Code.

Switch, Motor-Circuit. A switch rated in horsepower that
is capable of interrupting the maximum operating overload
current of a motor of the same horsepower rating as the
switch at the rated voltage.

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

Utilization Equipment. Equipment that utilizes electric en-
ergy for electronic, electromechanical, chemical, heating,
lighting, or similar purposes.

Ventilated. Provided with a means to permit circulation of
air sufficient to remove an excess of heat, fumes, or vapors.

Voltage (of a circuit). The greatest root-mean-square (rms)
(effective) difference of potential between any two conduc-
tors of the circuit concerned.

FPN: Some systems, such as 3-phase 4-wire, single-phase
3-wire, and 3-wire direct current, may have various circuits
of various voltages.

Voltage, Nominal. A nominal value assigned to a circuit
or system for the purpose of conveniently designating its
voltage class (e.g., 120/240 volts, 480Y/277 volts, 600 volts).
The actual voltage at which a circuit operates can vary from
the nominal within a range that permits satisfactory operation
of equipment.

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

Voltage to Ground. For grounded circuits, the voltage be-
tween the given conductor and that point or conductor of
the circuit that is grounded; for ungrounded circuits, the
greatest voltage between the given conductor and any other
conductor of the circuit.

2005 Edition

Full document details: NFPA 70A 2005

Watertight. Constructed so that moisture will not enter the
enclosure under specified test conditions.

Weatherproof. Constructed or protected so that exposure
to the weather will not interfere with successful operation.

FPN: Rainproof, raintight, or watertight equipment can ful-
fill the requirements for weatherproof where varying weather
conditions other than wetness, such as snow, ice, dust, or
temperature extremes, are not a factor.

ARTICLE 110
Requirements for Electrical Installations

I. General

110.1 Scope. This article covers general requirements for
the examination and approval, installation and use, access
to and spaces about electrical conductors and equipment;
enclosures intended for personnel entry; and tunnel installa-
tions.

110.2 Approval. The conductors and equipment required
or permitted by this Code shall be acceptable only if ap-
proved.

FPN: See 90.7, Examination of Equipment for Safety, and
110.3, Examination, Identification, Installation, and Use of
Equipment. See definitions of Approved, Identified, Labeled,
and Listed.

110.3 Examination, Identification, Installation, and Use
of Equipment.

(A) Examination. In judging equipment, considerations
such as the following shall be evaluated:

(1) Suitability for installation and use in conformity with
the provisions of this Code

FPN: Suitability of equipment use may be identified by a
description marked on or provided with a product to identify
the suitability of the product for a specific purpose, environ-
ment, or application. Suitability of equipment may be evi-
denced by listing or labeling.

(2) Mechanical strength and durability, including, for parts
designed to enclose and protect other equipment, the
adequacy of the protection thus provided

(3) Wire-bending and connection space

(4) Electrical insulation

(5) Heating effects under normal conditions of use and also
under abnormal conditions likely to arise in service

(6) Arcing effects

(7) Classification by type, size, voltage, current capacity,
and specific use
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(8) Other factors that contribute to the practical safe-
guarding of persons using or likely to come in contact
with the equipment

(B) Installation and Use. Listed or labeled equipment shall
be installed and used in accordance with any instructions
included in the listing or labeling.

110.4 Voltages. Throughout this Code, the voltage consid-
ered shall be that at which the circuit operates. The voltage
rating of electrical equipment shall not be less than the
nominal voltage of a circuit to which it is connected.

110.5 Conductors. Conductors normally used to carry cur-
rent shall be of copper unless otherwise provided in this
Code. Where the conductor material is not specified, the
material and the sizes given in this Code shall apply to
copper conductors. Where other materials are used, the size
shall be changed accordingly.

FPN: For aluminum and copper-clad aluminum conductors,
see 310.15.

110.6 Conductor Sizes. Conductor sizes are expressed in
American Wire Gage (AWG) or in circular mils.

110.7 Insulation Integrity. Completed wiring installations
shall be free from short circuits and from grounds other than
as required or permitted in Article 250.

110.8 Wiring Methods. Only wiring methods recognized
as suitable are included in this Code. The recognized meth-
ods of wiring shall be permitted to be installed in any type
of building or occupancy, except as otherwise provided in
this Code.

110.9 Interrupting Rating. Equipment intended to inter-
rupt current at fault levels shall have an interrupting rating
sufficient for the nominal circuit voltage and the current that
is available at the line terminals of the equipment.
Equipment intended to interrupt current at other than
fault levels shall have an interrupting rating at nominal cir-
cuit voltage sufficient for the current that must be interrupted.

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

110.11 Deteriorating Agents. Unless identified for use in
the operating environment, no conductors or equipment shall
be located in damp or wet locations; where exposed to gases,
fumes, vapors, liquids, or other agents that have a deteriorat-
ing effect on the conductors or equipment; or where exposed
to excessive temperatures.

FPN No. 1: See 300.6 for protection against corrosion.

FPN No. 2: Some cleaning and lubricating compounds can
cause severe deterioration of many plastic materials used
for insulating and structural applications in equipment.

Equipment identified only as ‘“‘dry locations,” “Type
1,” or “indoor use only” shall be protected against perma-
nent damage from the weather during building construction.

110.12 Mechanical Execution of Work. Electrical equip-
ment shall be installed in a neat and workmanlike manner.

FPN: Accepted industry practices are described in ANSI/
NECA 1-2000, Standard Practices for Good Workmanship
in Electrical Contracting, and other ANSI-approved installa-
tion standards.

(A) Unused Openings. Unused cable or raceway openings
in boxes, raceways, auxiliary gutters, cabinets, cutout boxes,
meter socket enclosures, equipment cases, or housings shall
be effectively closed to afford protection substantially equiv-
alent to the wall of the equipment. Where metallic plugs or
plates are used with nonmetallic enclosures, they shall be
recessed at least 6 mm (% in.) from the outer surface of the
enclosure.

(B) Subsurface Enclosures. Conductors shall be racked to
provide ready and safe access in underground and subsurface
enclosures into which persons enter for installation and
maintenance.

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

110.13 Mounting and Cooling of Equipment.

(A) Mounting. Electrical equipment shall be firmly se-
cured to the surface on which it is mounted. Wooden plugs
driven into holes in masonry, concrete, plaster, or similar
materials shall not be used.
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(B) Cooling. Electrical equipment that depends on the nat-
ural circulation of air and convection principles for cooling
of exposed surfaces shall be installed so that room airflow
over such surfaces is not prevented by walls or by adjacent
installed equipment. For equipment designed for floor
mounting, clearance between top surfaces and adjacent sur-
faces shall be provided to dissipate rising warm air.
Electrical equipment provided with ventilating openings
shall be installed so that walls or other obstructions do not
prevent the free circulation of air through the equipment.

110.14 Electrical Connections. Because of different char-
acteristics of dissimilar metals, devices such as pressure
terminal or pressure splicing connectors and soldering lugs
shall be identified for the material of the conductor and shall
be properly installed and used. Conductors of dissimilar
metals shall not be intermixed in a terminal or splicing
connector where physical contact occurs between dissimilar
conductors (such as copper and aluminum, copper and cop-
per-clad aluminum, or aluminum and copper-clad alumi-
num), unless the device is identified for the purpose and
conditions of use. Materials such as solder, fluxes, inhibitors,
and compounds, where employed, shall be suitable for the
use and shall be of a type that will not adversely affect the
conductors, installation, or equipment.

FPN: Many terminations and equipment are marked with a
tightening torque.

(A) Terminals. Connection of conductors to terminal parts
shall ensure a thoroughly good connection without damaging
the conductors and shall be made by means of pressure
connectors (including set-screw type), solder lugs, or splices
to flexible leads. Connection by means of wire-binding
screws or studs and nuts that have upturned lugs or the
equivalent shall be permitted for 10 AWG or smaller conduc-
tors.

Terminals for more than one conductor and terminals
used to connect aluminum shall be so identified.

(B) Splices. Conductors shall be spliced or joined with
splicing devices identified for the use or by brazing, welding,
or soldering with a fusible metal or alloy. Soldered splices
shall first be spliced or joined so as to be mechanically and
electrically secure without solder and then be soldered. All
splices and joints and the free ends of conductors shall be
covered with an insulation equivalent to that of the conduc-
tors or with an insulating device identified for the purpose.

Wire connectors or splicing means installed on conduc-
tors for direct burial shall be listed for such use.

(C) Temperature Limitations. The temperature rating as-
sociated with the ampacity of a conductor shall be selected
and coordinated so as not to exceed the lowest temperature
rating of any connected termination, conductor, or device.
Conductors with temperature ratings higher than specified

for terminations shall be permitted to be used for ampacity
adjustment, correction, or both.

(1) Equipment Provisions. The determination of termina-
tion provisions of equipment shall be based on
110.14(C)(1)(a) or (C)(1)(b). Unless the equipment is listed
and marked otherwise, conductor ampacities used in de-
termining equipment termination provisions shall be based
on Table 310.16 as appropriately modified by 310.15(B)(6).

(a) Termination provisions of equipment for circuits
rated 100 amperes or less, or marked for 14 AWG through 1
AWG conductors, shall be used only for one of the following:

(1) Conductors rated 60°C (140°F).

(2) Conductors with higher temperature ratings, provided
the ampacity of such conductors is determined based
on the 60°C (140°F) ampacity of the conductor size
used.

(3) Conductors with higher temperature ratings if the equip-
ment is listed and identified for use with such conduc-
tors.

(4) For motors marked with design letters B, C, or D, con-
ductors having an insulation rating of 75°C (167°F)
or higher shall be permitted to be used, provided the
ampacity of such conductors does not exceed the 75°C
(167°F) ampacity.

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

(1) Conductors rated 75°C (167°F)

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

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

FPN: With respect to 110.14(C)(1) and (C)(2), equipment

markings or listing information may additionally restrict the
sizing and temperature ratings of connected conductors.

110.15 High-Leg Marking. On a 4-wire, delta-connected
system where the midpoint of one phase winding is
grounded, only the conductor or busbar having the higher
phase voltage to ground shall be durably and permanently
marked by an outer finish that is orange in color or by other
effective means. Such identification shall be placed at each
point on the system where a connection is made if the
grounded conductor is also present.

110.18 Arcing Parts. Parts of electric equipment that in
ordinary operation produce arcs, sparks, flames, or molten
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metal shall be enclosed or separated and isolated from all
combustible material.

110.19 Light and Power from Railway Conductors. Cir-
cuits for lighting and power shall not be connected to any
system that contains trolley wires with a ground return.

Exception: Such circuit connections shall be permitted in
car houses, power houses, or passenger and freight stations
operated in connection with electric railways.

110.21 Marking. The manufacturer’s name, trademark, or
other descriptive marking by which the organization respon-
sible for the product can be identified shall be placed on all
electric equipment. Other markings that indicate voltage,
current, wattage, or other ratings shall be provided as speci-
fied elsewhere in this Code. The marking shall be of suffi-
cient durability to withstand the environment involved.

110.22 Identification of Disconnecting Means. Each dis-
connecting means shall be legibly marked to indicate its
purpose unless located and arranged so the purpose is evi-
dent. The marking shall be of sufficient durability to with-
stand the environment involved.

Where circuit breakers or fuses are applied in compli-
ance with the series combination ratings marked on the
equipment by the manufacturer, the equipment enclosure(s)
shall be legibly marked in the field to indicate the equipment
has been applied with a series combination rating. The mark-
ing shall be readily visible and state the following:

CAUTION — SERIES COMBINATION
SYSTEM RATED _____ AMPERES. IDENTIFIED
REPLACEMENT
COMPONENTS REQUIRED.

110.23 Current Transformers. Unused current transform-
ers associated with potentially energized circuits shall be
short-circuited.

II. 600 Volts, Nominal, or Less

110.26 Spaces About Electrical Equipment. Sufficient
access and working space shall be provided and maintained
about all electric equipment to permit ready and safe opera-
tion and maintenance of such equipment. Enclosures housing
electrical apparatus that are controlled by a lock(s) shall be
considered accessible to qualified persons.

(A) Working Space. Working space for equipment op-
erating at 600 volts, nominal, or less to ground and likely to
require examination, adjustment, servicing, or maintenance
while energized shall comply with the dimensions of
110.26(A)(1), (A)(2), and (A)(3) or as required or permitted
elsewhere in this Code.

(1) Depth of Working Space. The depth of the working
space in the direction of live parts shall not be less than that
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specified in Table 110.26(A)(1) unless the requirements of
110.26(A)(1)(a), (A)(1)(b), or (A)(1)(c) are met. Distances
shall be measured from the exposed live parts or from the
enclosure or opening if the live parts are enclosed.

Table 110.26(A)(1) Working Spaces

Minimum Clear Distance

Nominal Voltage Condition Condition Condition
to Ground 1 2 3
0-150 900 mm 900 mm 900 mm
@3 ft) (3 fv) 3 ft)
151-600 900 mm 1.1 m 1.2 m
(3 ft) (3% ft) 4 ft)

Note: Where the conditions are as follows:

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

Condition 3—Exposed live parts on both sides of the working
space.

(a) Dead-Front Assemblies. Working space shall not be
required in the back or sides of assemblies, such as dead-front
switchboards or motor control centers, where all connections
and all renewable or adjustable parts, such as fuses or
switches, are accessible from locations other than the back
or sides. Where rear access is required to work on nonelectri-
cal parts on the back of enclosed equipment, a minimum
horizontal working space of 762 mm (30 in.) shall be pro-
vided.

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

(c) Existing Buildings. In existing buildings where elec-
trical equipment is being replaced, Condition 2 working
clearance shall be permitted between dead-front switch-
boards, panelboards, or motor control centers located across
the aisle from each other where conditions of maintenance
and supervision ensure that written procedures have been
adopted to prohibit equipment on both sides of the aisle
from being open at the same time and qualified persons who
are authorized will service the installation.

(2) Width of Working Space. The width of the working
space in front of the electric equipment shall be the width
of the equipment or 750 mm (30 in.), whichever is greater.
In all cases, the work space shall permit at least a 90 degree
opening of equipment doors or hinged panels.
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(3) Height of Working Space. The work space shall be
clear and extend from the grade, floor, or platform to the
height required by 110.26(E). Within the height requirements
of this section, other equipment that is associated with the
electrical installation and is located above or below the elec-
trical equipment shall be permitted to extend not more than
150 mm (6 in.) beyond the front of the electrical equipment.

(B) Clear Spaces. Working space required by this section
shall not be used for storage. When normally enclosed live
parts are exposed for inspection or servicing, the working
space, if in a passageway or general open space, shall be
suitably guarded.

(C) Entrance to Working Space.

(1) Minimum Required. Atleastone entrance of sufficient
area shall be provided to give access to working space about
electrical equipment.

(2) Large Equipment. For equipment rated 1200 amperes
or more that contains overcurrent devices, switching devices,
or control devices, there shall be one entrance to the required
working space not less than 610 mm (24 in.) wide and 2.0
m (6 ft) high at each end of the working space. Where
the entrance has a personnel door(s), the door(s) shall open
in the direction of egress and be equipped with panic bars,
pressure plates, or other devices that are normally latched
but open under simple pressure.

A single entrance to the required working space shall
be permitted where either of the conditions in
110.26(C)(2)(a) or (C)(2)(b) is met.

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

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

(D) INlumination. Illumination shall be provided for all
working spaces about service equipment, switchboards, pan-
elboards, or motor control centers installed indoors. Addi-
tional lighting outlets shall not be required where the work
space is illuminated by an adjacent light source or as permit-
ted by 210.70(A)(1), Exception No. 1, for switched recepta-
cles. In electrical equipment rooms, the illumination shall
not be controlled by automatic means only.

(E) Headroom. The minimum headroom of working
spaces about service equipment, switchboards, panelboards,
or motor control centers shall be 2.0 m (6% ft). Where the
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electrical equipment exceeds 2.0 m (6% ft) in height, the
minimum headroom shall not be less than the height of the
equipment.

Exception: In existing dwelling units, service equipment or
panelboards that do not exceed 200 amperes shall be permit-
ted in spaces where the headroom is less than 2.0 m (6%

).

(F) Dedicated Equipment Space. All switchboards, pan-
elboards, distribution boards, and motor control centers shall
be located in dedicated spaces and protected from damage.

Exception: Control equipment that by its very nature or
because of other rules of the Code must be adjacent to or
within sight of its operating machinery shall be permitted
in those locations.

(1) Indoor. Indoor installations shall
110.26(F)(1)(a) through (F)(1)(d).

comply with

(a) Dedicated Electrical Space. The space equal to the
width and depth of the equipment and extending from the
floor to a height of 1.8 m (6 ft) above the equipment or to
the structural ceiling, whichever is lower, shall be dedicated
to the electrical installation. No piping, ducts, leak protection
apparatus, or other equipment foreign to the electrical instal-
lation shall be located in this zone.

Exception: Suspended ceilings with removable panels shall
be permitted within the 1.8 m (6 ft) zone.

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

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

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

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

110.27 Guarding of Live Parts.

(A) Live Parts Guarded Against Accidental Contact.
Except as elsewhere required or permitted by this Code, live
parts of electrical equipment operating at 50 volts or more
shall be guarded against accidental contact by approved
enclosures.
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Chapter 2 Wiring and Protection

ARTICLE 200
Use and Identification
of Grounded Conductors

200.1 Scope. This article provides requirements for the fol-
lowing:

(1) Identification of terminals
(2) Grounded conductors in premises wiring systems
(3) Identification of grounded conductors

FPN: See Article 100 for definitions of Grounded Conduc-
tor and Grounding Conductor.

200.2 General. All premises wiring systems, other than
circuits and systems exempted or prohibited by 210.10,
215.7,250.21 in the NEC and 250.22 in the NEC, shall have
a grounded conductor that is identified in accordance with
200.6.

The grounded conductor, where insulated, shall have
insulation that is (1) suitable, other than color, for any un-
grounded conductor of the same circuit on circuits of less
than 1000 volts.

200.3 Connection to Grounded System. Premises wiring
shall not be electrically connected to a supply system unless
the latter contains, for any grounded conductor of the interior
system, a corresponding conductor that is grounded. For the
purpose of this section, electrically connected shall mean
connected so as to be capable of carrying current, as distin-
guished from connection through electromagnetic induction.

200.6 Means of Identifying Grounded Conductors.

(A) Sizes 6 AWG or Smaller. An insulated grounded con-
ductor of 6 AWG or smaller shall be identified by a continu-
ous white or gray outer finish or by three continuous white
stripes on other than green insulation along its entire length.
Wires that have their outer covering finished to show a white
or gray color but have colored tracer threads in the braid
identifying the source of manufacture shall be considered
as meeting the provisions of this section. Insulated grounded
conductors shall also be permitted to be identified as follows:

(1) The grounded conductor of a mineral-insulated, metal-
sheathed cable shall be identified at the time of installa-
tion by distinctive marking at its terminations.

(2) A single-conductor, sunlight-resistant, outdoor-rated
cable used as a grounded conductor in photovoltaic
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power systems as permitted by 690.31 in the NEC shall
be identified at the time of installation by distinctive
white marking at all terminations.

(3) Fixture wire shall comply with the requirements for
grounded conductor identification as specified in 402.8
in the NEC.

(4) For aerial cable, the identification shall be as above, or
by means of a ridge located on the exterior of the cable
so as to identify it.

(B) Sizes Larger Than 6 AWG. An insulated grounded
conductor larger than 6 AWG shall be identified by one of
the following means:

(1) By a continuous white or gray outer finish.

(2) By three continuous white stripes along its entire length
on other than green insulation.

(3) Atthe time of installation, by a distinctive white or gray
marking at its terminations. This marking shall encircle
the conductor or insulation.

(C) Flexible Cords. An insulated conductor that is in-
tended for use as a grounded conductor, where contained
within a flexible cord, shall be identified by a white or gray
outer finish or by methods permitted by 400.22 in the NEC.

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

200.7 Use of Insulation of a White or Gray Color or
with Three Continuous White Stripes.

(A) General. The following shall be used only for the
grounded circuit conductor, unless otherwise permitted in
200.7(B) and 200.7(C):

(1) A conductor with continuous white or gray covering

(2) A conductor with three continuous white stripes on other
than green insulation

(3) A marking of white or gray color at the termination

(B) Circuits of Less Than 50 Volts. A conductor with
white or gray color insulation or three continuous white
stripes or having a marking of white or gray at the termina-
tion for circuits of less than 50 volts shall be required to be
grounded only as required by 250.20(A).

(C) Circuits of 50 Volts or More. The use of insulation
that is white or gray or that has three continuous white
stripes for other than a grounded conductor for circuits of
50 volts or more shall be permitted only as in (1) through (3).
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(1) If part of a cable assembly and where the insulation
is permanently re-identified to indicate its use as an
ungrounded conductor, by painting or other effective
means at its termination, and at each location where the
conductor is visible and accessible. Identification shall
encircle the insulation and shall be a color other than
white, gray, or green.

(2) Where a cable assembly contains an insulated conductor
for single-pole, 3-way or 4-way switch loops and the
conductor with white or gray insulation or a marking
of three continuous white stripes is used for the supply
to the switch but not as a return conductor from the
switch to the switched outlet. In these applications, the
conductor with white or gray insulation or with three
continuous white stripes shall be permanently re-identi-
fied to indicate its use by painting or other effective
means at its terminations and at each location where
the conductor is visible and accessible.

(3) Where a flexible cord, having one conductor identified
by a white or gray outer finish or three continuous white
stripes or by any other means permitted by 400.22 in the
NEC, is used for connecting an appliance or equipment
permitted by 400.7. This shall apply to flexible cords
connected to outlets whether or not the outlet is supplied
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 working
on existing systems.

200.9 Means of Identification of Terminals. The identifi-
cation of terminals to which a grounded conductor is to be
connected shall be substantially white in color. The identifi-
cation of other terminals shall be of a readily distinguishable
different color.

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
to be permanently identified at the time of installation by a
distinctive white marking or other equally effective means.

200.10 Identification of Terminals.

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

Exception: Terminal identification shall not be required for
devices that have a normal current rating of over 30 amperes,
other than polarized attachment plugs and polarized recep-
tacles for attachment plugs as required in 200.10(B).

(B) Receptacles, Plugs, and Connectors. Receptacles, po-
larized attachment plugs, and cord connectors for plugs and
polarized plugs shall have the terminal intended for connec-
tion to the grounded conductor identified as follows:

(1) Identification shall be by a metal or metal coating that
is substantially white in color or by the word white or
the letter W located adjacent to the identified terminal.

(2) If the terminal is not visible, the conductor entrance
hole for the connection shall be colored white or marked
with the word white or the letter W.

FPN: See 250.126 for identification of wiring device equip-
ment grounding conductor terminals.

(C) Screw Shells. For devices with screw shells, the termi-
nal for the grounded conductor shall be the one connected
to the screw shell.

(D) Screw Shell Devices with Leads. For screw shell de-
vices with attached leads, the conductor attached to the screw
shell shall have a white or gray finish. The outer finish of
the other conductor shall be of a solid color that will not be
confused with the white or gray finish used to identify the
grounded conductor.

FPN: The color gray may have been used in the past as an
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-
connected screw shell lampholders, and that are to be con-
nected by (1) a permanent wiring method or (2) field-
installed attachment plugs and cords with three or more
wires (including the equipment grounding conductor), shall
have means to identify the terminal for the grounded circuit
conductor (if any).

200.11 Polarity of Connections. No grounded conductor
shall be attached to any terminal or lead so as to reverse the
designated polarity.

ARTICLE 210
Branch Circuits

I. General Provisions

210.1 Scope. This article covers branch circuits except for
branch circuits that supply only motor loads, which are
covered in Article 430 in the NEC. Provisions of this article
and Article 430 in the NEC apply to branch circuits with
combination loads.
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210.2 Other Articles for Specific-Purpose Branch Cir-
cuits. Branch circuits shall comply with this article and also
with the applicable provisions of other articles of this Code.
The provisions for branch circuits supplying equipment
listed in Table 210.2 amend or supplement the provisions
in this article and shall apply to branch circuits referred to
therein.

Table 210.2 Specific-Purpose Branch Circuits

Equipment Article Section
Air-conditioning and refrigerating 440.6, 440.31,
equipment 440.32

Central heating equipment other than 422.12

fixed electric space-heating
equipment
Class 1, Class 2, and Class 3 remote- 725
control, signaling, and power-
limited circuits

Fire alarm systems 760
Fixed electric space-heating 4243
equipment

210.3 Rating. Branch circuits recognized by this article
shall be rated in accordance with the maximum permitted
ampere rating or setting of the overcurrent device. The rating
for other than individual branch circuits shall be 15, 20, 30,
40, and 50 amperes. Where conductors of higher ampacity
are used for any reason, the ampere rating or setting of
the specified overcurrent device shall determine the circuit
rating.

210.4 Multiwire Branch Circuits.

(A) General. Branch circuits recognized by this article
shall be permitted as multiwire circuits. A multiwire circuit
shall be permitted to be considered as multiple circuits.
All conductors shall originate from the same panelboard or
similar distribution equipment.

FPN: A 3-phase, 4-wire, wye-connected power system used
to supply power to nonlinear loads may necessitate that
the power system design allow for the possibility of high
harmonic neutral currents.

(B) Devices or Equipment. Where a multiwire branch cir-
cuit supplies more than one device or equipment on the
same yoke, a means shall be provided to disconnect simulta-
neously all ungrounded conductors supplying those devices
or equipment at the point where the branch circuit originates.

(C) Line-to-Neutral Loads. Multiwire branch circuits
shall supply only line-to-neutral loads.

Exception No. 1: A multiwire branch circuit that supplies
only one utilization equipment.
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Exception No. 2: Where all ungrounded conductors of the
multiwire branch circuit are opened simultaneously by the
branch-circuit overcurrent device.

FPN: See 300.13(B) for continuity of grounded conductor
on multiwire circuits.

210.5 Identification for Branch Circuits.

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

(B) Equipment Grounding Conductor. The equipment
grounding conductor shall be identified in accordance with
250.119.

210.6 Branch-Circuit Voltage Limitations. The nominal
voltage of branch circuits shall not exceed the values permit-
ted by 210.6(A) through 210.6(C).

(A) Occupancy Limitation. In dwelling units and guest
rooms or guest suites of hotels, motels, and similar occupanc-
ies, the voltage shall not exceed 120 volts, nominal, between
conductors that supply the terminals of the following:

(1) Luminaires (lighting fixtures)
(2) Cord-and-plug-connected loads 1440 volt-amperes,
nominal, or less or less than Y4 hp

(B) 120 Volts Between Conductors. Circuits not ex-
ceeding 120 volts, nominal, between conductors shall be
permitted to supply the following:

(1) The terminals of lampholders applied within their volt-
age ratings

(2) Auxiliary equipment of electric-discharge lamps

(3) Cord-and-plug-connected or permanently connected
utilization equipment

(C) 277 Volts to Ground. Circuits exceeding 120 volts,
nominal, between conductors and not exceeding 277 volts,
nominal, to ground shall be permitted to supply the follow-
ing:

(1) Listed electric-discharge luminaires (lighting fixtures)

(2) Listed incandescent luminaires (lighting fixtures),
where supplied at 120 volts or less from the output of
a stepdown autotransformer that is an integral compo-
nent of the luminaire (fixture) and the outer shell termi-
nal is electrically connected to a grounded conductor
of the branch circuit

(3) Luminaires (lighting fixtures) equipped with mogul-
base screw shell lampholders

(4) Lampholders, other than the screw shell type, applied
within their voltage ratings

(5) Auxiliary equipment of electric-discharge lamps
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(6) Cord-and-plug-connected or permanently connected
utilization equipment

210.7 Branch Circuit Receptacle Requirements.

(A) Receptacle Outlet Location. Receptacle outlets shall
be located in branch circuits in accordance with Part III of
Article 210.

(B) Multiple Branch Circuits. Where two or more branch
circuits supply devices or equipment on the same yoke, a
means to simultaneously disconnect the ungrounded conduc-
tors supplying those devices shall be provided at the point
at which the branch circuits originate.

210.8 Ground-Fault Circuit-Interrupter Protection for
Personnel.

FPN: See 215.9 for ground-fault circuit-interrupter protec-
tion for personnel on feeders.

(A) Dwelling Units. All 125-volt, single-phase, 15- and
20-ampere receptacles installed in the locations specified in
(1) through (8) shall have ground-fault circuit-interrupter
protection for personnel.

(1) Bathrooms

(2) Garages, and also accessory buildings that have a floor
located at or below grade level not intended as habitable
rooms and limited to storage areas, work areas, and
areas of similar use

Exception No. 1 to (2): Receptacles that are not readily
accessible.

Exception No. 2 to (2): A single receptacle or a duplex
receptacle for two appliances located within dedicated space
for each appliance that, in normal use, is not easily moved
from one place to another and that is cord-and-plug con-
nected in accordance with 400.7(A)(6), (A)(7), or (A)(8).

Receptacles installed under the exceptions to 210.8(A)(2)
shall not be considered as meeting the requirements of
210.52(G)

(3) Outdoors

Exception to (3): Receptacles that are not readily accessible
and are supplied by a dedicated branch circuit for electric
snow-melting or deicing equipment shall be permitted to be
installed in accordance with 426.28 in the NEC.

(4) Crawl spaces — at or below grade level

(5) Unfinished basements — for purposes of this section,
unfinished basements are defined as portions or areas
of the basement not intended as habitable rooms and
limited to storage areas, work areas, and the like

Exception No. 1 to (5): Receptacles that are not readily
accessible.

Exception No. 2 to (5): A single receptacle or a duplex
receptacle for two appliances located within dedicated space
for each appliance that, in normal use, is not easily moved
from one place to another and that is cord-and-plug con-
nected in accordance with 400.7(A)(6), (A)(7), or (A)(8).

Exception No. 3 to (5): A receptacle supplying only a perma-
nently installed fire alarm or burglar alarm system shall not
be required to have ground-fault circuit-interrupter protec-
tion.

Receptacles installed under the exceptions to 210.8(A)(5)
shall not be considered as meeting the requirements of
210.52(G).

(6) Kitchens — where the receptacles are installed to serve
the countertop surfaces

(7) Laundry, utility, and wet bar sinks — where the recepta-
cles are installed within 1.8 m (6 ft) of the outside edge
of the sink

(8) Boathouses

(C) Boat Hoists. Ground-fault circuit-interrupter protec-
tion for personnel shall be provided for outlets that supply
boat hoists installed in dwelling unit locations and supplied
by 125-volt, 15- and 20-ampere branch circuits.

210.10 Ungrounded Conductors Tapped from Grounded
Systems. Two-wire dc circuits and ac circuits of two or
more ungrounded conductors shall be permitted to be tapped
from the ungrounded conductors of circuits that have a
grounded neutral conductor. Switching devices in each
tapped circuit shall have a pole in each ungrounded conduc-
tor. All poles of multipole switching devices shall manually
switch together where such switching devices also serve as
a disconnecting means as required by the following:

(1) 410.48 for double-pole switched lampholders

(3) 422.31(B) for an appliance

(4) 424.20 for a fixed electric space-heating unit

(5) 426.51 inthe NEC for electric deicing and snow-melting
equipment

(6) 430.85 in the NEC for a motor controller

(7) 430.103 in the NEC for a motor

210.11 Branch Circuits Required. Branch circuits for
lighting and for appliances, including motor-operated appli-
ances, shall be provided to supply the loads calculated in
accordance with 220.10. In addition, branch circuits shall
be provided for specific loads not covered by 220.10 where
required elsewhere in this Code and for dwelling unit loads
as specified in 210.11(C).
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(A) Number of Branch Circuits. The minimum number
of branch circuits shall be determined from the total calcu-
lated load and the size or rating of the circuits used. In all
installations, the number of circuits shall be sufficient to
supply the load served. In no case shall the load on any
circuit exceed the maximum specified by 220.18.

(B) Load Evenly Proportioned Among Branch Cir-
cuits. Where the load is calculated on the basis of volt-
amperes per square meter or per square foot, the wiring
system up to and including the branch-circuit panelboard(s)
shall be provided to serve not less than the calculated load.
This load shall be evenly proportioned among multioutlet
branch circuits within the panelboard(s). Branch-circuit ov-
ercurrent devices and circuits shall only be required to be
installed to serve the connected load.

(C) Dwelling Units.

(1) Small-Appliance Branch Circuits. In addition to the
number of branch circuits required by other parts of this
section, two or more 20-ampere small-appliance branch cir-
cuits shall be provided for all receptacle outlets specified
by 210.52(B).

(2) Laundry Branch Circuits. In addition to the number
of branch circuits required by other parts of this section, at
least one additional 20-ampere branch circuit shall be pro-
vided to supply the laundry receptacle outlet(s) required by
210.52(F). This circuit shall have no other outlets.

(3) Bathroom Branch Circuits. In addition to the number
of branch circuits required by other parts of this section, at
least one 20-ampere branch circuit shall be provided to sup-
ply bathroom receptacle outlet(s). Such circuits shall have
no other outlets.

Exception: Where the 20-ampere circuit supplies a single
bathroom, outlets for other equipment within the same bath-
room shall be permitted to be supplied in accordance with
210.23(A)(1) and (A)(2).

FPN: See Examples D1(a), D1(b), and D2(b), in Annex D.

210.12 Arc-Fault Circuit-Interrupter Protection.

(A) Definition: Arc-Fault Circuit Interrupter. An arc-
fault circuit interrupter is a device intended to provide protec-
tion from the effects of arc faults by recognizing characteris-
tics unique to arcing and by functioning to de-energize the
circuit when an arc fault is detected.

(B) Dwelling Unit Bedrooms. All 120-volt, single phase,
15- and 20-ampere branch circuits supplying outlets installed
in dwelling unit bedrooms shall be protected by a listed arc-
fault circuit interrupter, combination type installed to provide
protection of the branch circuit.
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Branch/feeder AFCIs shall be permitted to be used to
meet the requirements of 210.12(B) until January 1, 2008.

FPN: For information on types of arc-fault circuit interrupt-
ers, see UL 1699-1999, Standard for Arc-Fault Circuit Inter-
rupters.

Exception: The location of the arc-fault circuit interrupter
shall be permitted to be at other than the origination of the
branch circuit in compliance with (a) and (b):

(a) The arc-fault circuit interrupter installed within 1.8 m
(6 ft) of the branch circuit overcurrent device as mea-
sured along the branch circuit conductors.

(b) The circuit conductors between the branch circuit over-
current device and the arc-fault circuit interrupter shall
be installed in a metal raceway or a cable with a metallic
sheath.

I1. Branch-Circuit Ratings

210.19 Conductors — Minimum Ampacity and Size.
(A) Branch Circuits Not More Than 600 Volts.

(1) General. Branch-circuit conductors shall have an am-
pacity not less than the maximum load to be served. Where
a branch circuit supplies continuous loads or any combina-
tion of continuous and noncontinuous loads, the minimum
branch-circuit conductor size, before the application of any
adjustment or correction factors, shall have an allowable
ampacity not less than the noncontinuous load plus 125
percent of the continuous load.

Exception: Where the assembly, including the overcurrent
devices protecting the branch circuit(s), is listed for opera-
tion at 100 percent of its rating, the allowable ampacity of
the branch circuit conductors shall be permitted to be not
less than the sum of the continuous load plus the noncontinu-
ous load.

FPN No. 1: See 310.15 for ampacity ratings of conductors.

FPN No. 2: See Part II of Article 430 in the NEC for
minimum rating of motor branch-circuit conductors.

FPN No. 3: See 310.10 for temperature limitation of conduc-
tors.

FPN No. 4: Conductors for branch circuits as defined in
Article 100, sized to prevent a voltage drop exceeding 3
percent at the farthest outlet of power, heating, and lighting
loads, or combinations of such loads, and where the maxi-
mum total voltage drop on both feeders and branch circuits
to the farthest outlet does not exceed 5 percent, provide
reasonable efficiency of operation. See FPN No. 2 of
215.2(A)(3) for voltage drop on feeder conductors.

(2) Multioutlet Branch Circuits. Conductors of branch
circuits supplying more than one receptacle for cord-and-
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plug-connected portable loads shall have an ampacity of not
less than the rating of the branch circuit.

(3) Household Ranges and Cooking Appliances. Branch-
circuit conductors supplying household ranges, wall-
mounted ovens, counter-mounted cooking units, and other
household cooking appliances shall have an ampacity not
less than the rating of the branch circuit and not less than
the maximum load to be served. For ranges of 8% kW or
more rating, the minimum branch-circuit rating shall be 40
amperes.

Exception No. 1: Tap conductors supplying electric ranges,
wall-mounted electric ovens, and counter-mounted electric
cooking units from a 50-ampere branch circuit shall have
an ampacity of not less than 20 and shall be sufficient for
the load to be served. These tap conductors include any
conductors that are a part of the leads supplied with the
appliance that are smaller than the branch circuit conduc-
tors. The taps shall not be longer than necessary for servicing
the appliance.

Exception No. 2: The neutral conductor of a 3-wire branch
circuit supplying a household electric range, a wall-mounted
oven, or a counter-mounted cooking unit shall be permitted
to be smaller than the ungrounded conductors where the
maximum demand of a range of 8%+ kW or more rating has
been calculated according to Column C of Table 220.55,
but such conductor shall have an ampacity of not less than
70 percent of the branch-circuit rating and shall not be
smaller than 10 AWG.

(4) Other Loads. Branch-circuit conductors that supply
loads other than those specified in 210.2 and other than
cooking appliances as covered in 210.19(A)(3) shall have
an ampacity sufficient for the loads served and shall not be
smaller than 14 AWG.

Exception No. 1: Tap conductors shall have an ampacity
sufficient for the load served. In addition, they shall have
an ampacity of not less than 15 for circuits rated less than
40 amperes and not less than 20 for circuits rated at 40 or
50 amperes and only where these tap conductors supply any
of the following loads:

(a) Individual lampholders or luminaires (fixtures) with
taps extending not longer than 450 mm (18 in.) beyond
any portion of the lampholder or luminaire (fixture).

(b) A fixture having tap conductors as provided in 410.67.

(c¢) Individual outlets, other than receptacle outlets, with
taps not over 450 mm (18 in.) long.

(d) Infrared lamp industrial heating appliances.

(e) Nonheating leads of deicing and snow-melting cables
and mats.

Exception No. 2: Fixture wires and flexible cords shall be
permitted to be smaller than 14 AWG as permitted by 240.5
in the NEC.

210.20 Overcurrent Protection. Branch-circuit conduc-
tors and equipment shall be protected by overcurrent protec-
tive devices that have a rating or setting that complies with
210.20(A) through (D).

(A) Continuous and Noncontinuous Loads. Where a
branch circuit supplies continuous loads or any combination
of continuous and noncontinuous loads, the rating of the
overcurrent device shall not be less than the noncontinuous
load plus 125 percent of the continuous load.

Exception: Where the assembly, including the overcurrent
devices protecting the branch circuit(s), is listed for opera-
tion at 100 percent of its rating, the ampere rating of the
overcurrent device shall be permitted to be not less than the
sum of the continuous load plus the noncontinuous load.

(B) Conductor Protection. Conductors shall be protected
in accordance with 240.4. Flexible cords and fixture wires
shall be protected in accordance with 240.5 in the NEC.

(C) Equipment. The rating or setting of the overcurrent
protective device shall not exceed that specified in the appli-
cable articles referenced in Table 240.3 for equipment.

(D) Outlet Devices. The rating or setting shall not exceed
that specified in 210.21 for outlet devices.

210.21 Outlet Devices. Outlet devices shall have an am-
pere rating that is not less than the load to be served and
shall comply with 210.21(A) and (B).

(A) Lampholders. Where connected to a branch circuit
having a rating in excess of 20 amperes, lampholders shall
be of the heavy-duty type. A heavy-duty lampholder shall
have a rating of not less than 660 watts if of the admedium
type, or not less than 750 watts if of any other type.

(B) Receptacles.

(1) Single Receptacle on an Individual Branch Circuit.
A single receptacle installed on an individual branch circuit
shall have an ampere rating not less than that of the branch
circuit.

Exception No. 1: A receptacle installed in accordance with
430.81(B) in the NEC.

FPN: See the definition of receptacle in Article 100.

(2) Total Cord-and-Plug-Connected Load. Where con-
nected to a branch circuit supplying two or more receptacles
or outlets, a receptacle shall not supply a total cord-and-
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plug-connected load in excess of the maximum specified in
Table 210.21(B)(2).

Table 210.21(B)(2) Maximum Cord-and-Plug-Connected
Load to Receptacle

Circuit Rating Receptacle Rating Maximum Load

(Amperes) (Amperes) (Amperes)
15 or 20 15 12
20 20 16
30 30 24

(3) Receptacle Ratings. Where connected to a branch cir-
cuit supplying two or more receptacles or outlets, receptacle
ratings shall conform to the values listed in Table
210.21(B)(3), or where larger than 50 amperes, the recepta-
cle rating shall not be less than the branch-circuit rating.

Exception No. 2: The ampere rating of a receptacle installed
for electric discharge lighting shall be permitted to be based
on 410.30(C).

Table 210.21(B)(3) Receptacle Ratings for Various Size
Circuits

Circuit Rating (Amperes) Receptacle Rating (Amperes)

15 Not over 15
20 15 or 20
30 30

40 40 or 50
50 50

(4) Range Receptacle Rating. The ampere rating of a
range receptacle shall be permitted to be based on a single
range demand load as specified in Table 220.55.

210.23 Permissible Loads. In no case shall the load exceed
the branch-circuit ampere rating. An individual branch cir-
cuit shall be permitted to supply any load for which it is
rated. A branch circuit supplying two or more outlets or
receptacles shall supply only the loads specified according
to its size as specified in 210.23(A) through (D) and as
summarized in 210.24 and Table 210.24.

(A) 15- and 20-Ampere Branch Circuits. A 15- or 20-
ampere branch circuit shall be permitted to supply lighting
units or other utilization equipment, or a combination of
both, and shall comply with 210.23(A)(1) and (A)(2).

Exception: The small appliance branch circuits, laundry
branch circuits, and bathroom branch circuits required in
a dwelling unit(s) by 210.11(C)(1), (C)(2), and (C)(3) shall
supply only the receptacle outlets specified in that section.
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(1) Cord-and-Plug-Connected Equipment Not Fastened
in Place. The rating of any one cord-and-plug-connected
utilization equipment not fastened in place shall not exceed
80 percent of the branch-circuit ampere rating.

(2) Utilization Equipment Fastened in Place. The total
rating of utilization equipment fastened in place, other than
luminaires (lighting fixtures), shall not exceed 50 percent
of the branch-circuit ampere rating where lighting units,
cord-and-plug-connected utilization equipment not fastened
in place, or both, are also supplied.

(B) 30-Ampere Branch Circuits. A 30-ampere branch cir-
cuit shall be permitted to supply fixed lighting units with
heavy-duty lampholders in other than a dwelling unit(s) or
utilization equipment in any occupancy. A rating of any
one cord-and-plug-connected utilization equipment shall not
exceed 80 percent of the branch-circuit ampere rating.

(C) 40- and 50-Ampere Branch Circuits. A 40- or 50-
ampere branch circuit shall be permitted to supply cooking
appliances that are fastened in place in any occupancy. In
other than dwelling units, such circuits shall be permitted
to supply fixed lighting units with heavy-duty lampholders,
infrared heating units, or other utilization equipment.

(D) Branch Circuits Larger Than 50 Amperes. Branch
circuits larger than 50 amperes shall supply only nonlighting
outlet loads.

210.24 Branch-Circuit Requirements — Summary. The
requirements for circuits that have two or more outlets or
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
210.19, 210.20, and 210.21 for the specific requirements
applying to branch circuits.

210.25 Common Area Branch Circuits. Branch circuits
in dwelling units shall supply only loads within that dwelling
unit or loads associated only with that dwelling unit. Branch
circuits required for the purpose of lighting, central alarm,
signal, communications, or other needs for public or com-
mon areas of a two-family or multifamily dwelling shall
not be supplied from equipment that supplies an individual
dwelling unit.

ITI. Required Outlets

210.50 General. Receptacle outlets shall be installed as
specified in 210.52 and 210.63.

(A) Cord Pendants. A cord connector that is supplied by
a permanently connected cord pendant shall be considered
a receptacle outlet.
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Table 210.24 Summary of Branch-Circuit Requirements

Circuit Rating 15A 20 A 30 A 40 A 50 A

Conductors (min. size):

Circuit wires' 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 rating? 15 max. A 15 0r 20 A 30 A 40 or 50 A 50 A
Maximum Load 15A 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)

!These gauges are for copper conductors.

2For receptacle rating of cord-connected electric-discharge luminaires (lighting fixtures), see

410.30(C).

(B) Cord Connections. A receptacle outlet shall be in-
stalled wherever flexible cords with attachment plugs are
used. Where flexible cords are permitted to be permanently
connected, receptacles shall be permitted to be omitted for
such cords.

(C) Appliance Outlets. Appliance receptacle outlets in-
stalled in a dwelling unit for specific appliances, such as
laundry equipment, shall be installed within 1.8 m (6 ft) of
the intended location of the appliance.

210.52 Dwelling Unit Receptacle Outlets. This section
provides requirements for 125-volt, 15- and 20-ampere re-
ceptacle outlets. Receptacle outlets required by this section
shall be in addition to any receptacle that is part of a lumi-
naire (lighting fixture) or appliance, located within cabinets
or cupboards, or located more than 1.7 m (5% ft) above the
floor.

Permanently installed electric baseboard heaters
equipped with factory-installed receptacle outlets or outlets
provided as a separate assembly by the manufacturer shall
be permitted as the required outlet or outlets for the wall
space utilized by such permanently installed heaters. Such
receptacle outlets shall not be connected to the heater cir-
cuits.

FPN: Listed baseboard heaters include instructions that may
not permit their installation below receptacle outlets.

(A) General Provisions. In every kitchen, family room,
dining room, living room, parlor, library, den, sunroom,
bedroom, recreation room, or similar room or area of dwell-
ing units, receptacle outlets shall be installed in accordance
with the general provisions specified in 210.52(A)(1)
through (A)(3).

(1) Spacing. Receptacles shall be installed so that no point
measured horizontally along the floor line in any wall space
is more than 1.8 m (6 ft) from a receptacle outlet.

(2) Wall Space. As used in this section, a wall space shall
include the following:

(1) Any space 600 mm (2 ft) or more in width (including
space measured around corners) and unbroken along the
floor line by doorways, fireplaces, and similar openings

(2) The space occupied by fixed panels in exterior walls,
excluding sliding panels

(3) The space afforded by fixed room dividers such as
freestanding bar-type counters or railings

(3) Floor Receptacles. Receptacle outlets in floors shall
not be counted as part of the required number of receptacle
outlets unless located within 450 mm (18 in.) of the wall.

(B) Small Appliances.

(1) Receptacle Outlets Served. In the kitchen, pantry,
breakfast room, dining room, or similar area of a dwelling
unit, the two or more 20-ampere small-appliance branch
circuits required by 210.11(C)(1) shall serve all wall and
floor receptacle outlets covered by 210.52(A), all countertop
outlets covered by 210.52(C), and receptacle outlets for re-
frigeration equipment.

Exception No. 1: In addition to the required receptacles
specified by 210.52, switched receptacles supplied from a
general-purpose branch circuit as defined in 210.70(A)(1),
Exception No. 1, shall be permitted.
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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. Inkitchens 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.)
measured horizontally from a receptacle outlet in that space.

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.

(2) Island Counter Spaces. At least one receptacle shall
be installed at each island counter space with a long dimen-
sion of 600 mm (24 in.) or greater and a short dimension
of 300 mm (12 in.) or greater. Where a rangetop or sink is
installed in an island counter and the width of the counter
behind the rangetop or sink is less than 300 mm (12 in.),
the rangetop or sink is considered to divide the island into
two separate countertop spaces as defined in 210.52(C)(4).

(3) Peninsular Counter Spaces. At least one receptacle
outlet shall be installed at each peninsular counter space
with a long dimension of 600 mm (24 in.) or greater and a
short dimension of 300 mm (12 in.) or greater. A peninsular
countertop is measured from the connecting edge.

(4) Separate Spaces. Countertop spaces separated by
rangetops, refrigerators, or sinks shall be considered as sepa-
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Outlet within

s Outlet not required
Outlet within . -
< _»‘) if X <300 mm (121in.) 600 mm (24 in))

600 mm (24 in

X

!

Sink or range extending from face of counter

Outlets not required
it X <450 mm (18 in.)

N

X

’«Outlet within 600 mm (24 in.) —>|

Outlet within

600 mm
(24 in.)

Sink or range mounted in corner

Figure 210.52 Determination of Area Behind Sink or Range.

rate countertop spaces in applying the requirements of
210.52(C)(1), (C)(2), and (C)(3).

(5) Receptacle Outlet Location. Receptacle outlets shall
be located above, but not more than 500 mm (20 in.) above,
the countertop. Receptacle outlets rendered not readily ac-
cessible by appliances fastened in place, appliance garages,
sinks, or rangetops as covered in 210.52(C)(1), Exception,
or appliances occupying dedicated space shall not be consid-
ered as these required outlets.

Exception to (5): To comply with the conditions specified
in (1) or (2), receptacle outlets shall be permitted to be
mounted not more than 300 mm (12 in.) below the coun-
tertop. Receptacles mounted below a countertop in accor-
dance with this exception shall not be located where the
countertop extends more than 150 mm (6 in.) beyond its
support base.
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(1) Construction for the physically impaired

(2) On island and peninsular countertops where the count-
ertop is flat across its entire surface (no backsplashes,
dividers, etc.) and there are no means to mount a recep-
tacle within 500 mm (20 in.) above the countertop, such
as an overhead cabinet

(D) Bathrooms. In dwelling units, at least one receptacle
outlet shall be installed in bathrooms within 900 mm (3 ft)
of the outside edge of each basin. The receptacle outlet shall
be located on a wall or partition that is adjacent to the basin
or basin countertop.

Exception: The receptacle shall not be required to be
mounted in the wall or partition where it is installed on the
side or face of the basin cabinet not more than 300 mm (12
in.) below the countertop.

(E) Outdoor Outlets. For a one-family dwelling and each
unit of a two-family dwelling that is at grade level, at least
one receptacle outlet accessible at grade level and not more
than 2.0 m (6" ft) above grade shall be installed at the front
and back of the dwelling.

For each dwelling unit of a multifamily dwelling where
the dwelling unit is located at grade level and provided with
individual exterior entrance/egress, at least one receptacle
outlet accessible from grade level and not more than 2.0 m
(6Y ft) above grade shall be installed. See 210.8(A)(3).

(F) Laundry Areas. In dwelling units, at least one recepta-
cle outlet shall be installed for the laundry.

Exception No. 1: In a dwelling unit that is an apartment or
living area in a multifamily building where laundry facilities
are provided on the premises and are available to all building
occupants, a laundry receptacle shall not be required.

Exception No. 2: In other than one-family dwellings where
laundry facilities are not to be installed or permitted, a
laundry receptacle shall not be required.

(G) Basements and Garages. For a one-family dwelling,
at least one receptacle outlet, in addition to any provided
for laundry equipment, shall be installed in each basement
and in each attached garage, and in each detached garage
with electric power. See 210.8(A)(2) and (A)(5). Where a
portion of the basement is finished into one or more habitable
rooms, each separate unfinished portion shall have a recepta-
cle outlet installed in accordance with this section.

(H) Hallways. In dwelling units, hallways of 3.0 m (10 ft)
or more in length shall have at least one receptacle outlet.

As used in this subsection, the hall length shall be con-
sidered the length along the centerline of the hall without
passing through a doorway.
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210.63 Heating, Air-Conditioning, and Refrigeration
Equipment QOutlet. A 125-volt, single-phase, 15- or 20-
ampere-rated receptacle outlet shall be installed at an accessi-
ble location for the servicing of heating, air-conditioning,
and refrigeration equipment. The receptacle shall be located
on the same level and within 7.5 m (25 ft) of the heating, air-
conditioning, and refrigeration equipment. The receptacle
outlet shall not be connected to the load side of the equipment
disconnecting means.

Exception: A receptacle outlet shall not be required at one-
and two-family dwellings for the service of evaporative cool-
ers.

FPN: See 210.8 for ground-fault circuit-interrupter require-
ments.

210.70 Lighting Outlets Required. Lighting outlets shall
be installed where specified in 210.70(A).

(A) Dwelling Units. In dwelling units, lighting outlets shall
be installed in accordance with 210.70(A)(1), (A)(2), and
(A)3).

(1) Habitable Rooms. At least one wall switch-controlled
lighting outlet shall be installed in every habitable room and
bathroom.

Exception No. 1: In other than kitchens and bathrooms, one
or more receptacles controlled by a wall switch shall be
permitted in lieu of lighting outlets.

Exception No. 2: Lighting outlets shall be permitted to be
controlled by occupancy sensors that are (1) in addition to
wall switches or (2) located at a customary wall switch
location and equipped with a manual override that will allow
the sensor to function as a wall switch.

(2) Additional Locations. Additional lighting outlets shall
be installed in accordance with (A)(2)(a), (A)(2)(b), and
(A)2)(©).

(a) At least one wall switch-controlled lighting outlet
shall be installed in hallways, stairways, attached garages,
and detached garages with electric power.

(b) For dwelling units, attached garages, and detached
garages with electric power, at least one wall switch—
controlled lighting outlet shall be installed to provide illumi-
nation on the exterior side of outdoor entrances or exits with
grade level access. A vehicle door in a garage shall not be
considered as an outdoor entrance or exit.

(c) Where one or more lighting outlet(s) are installed
for interior stairways, there shall be a wall switch at each
floor level, and landing level that includes an entryway, to
control the lighting outlet(s) where the stairway between
floor levels has six risers or more.
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Exception to (A)(2)(a), (A)(2)(b), and (A)(2)(c): In hall-
ways, stairways, and at outdoor entrances, remote, central,
or automatic control of lighting shall be permitted.

(3) Storage or Equipment Spaces. For attics, underfloor
spaces, utility rooms, and basements, at least one lighting
outlet containing a switch or controlled by a wall switch
shall be installed where these spaces are used for storage or
contain equipment requiring servicing. At least one point of
control shall be at the usual point of entry to these spaces.
The lighting outlet shall be provided at or near the equipment
requiring servicing.

ARTICLE 215
Feeders

215.1 Scope. This article covers the installation require-
ments, overcurrent protection requirements, minimum size,
and ampacity of conductors for feeders supplying branch-
circuit loads.

215.2 Minimum Rating and Size.
(A) Feeders Not More Than 600 Volts.

(1) General. Feeder conductors shall have an ampacity not
less than required to supply the load as calculated in Parts
IIT and IV of Article 220. The minimum feeder-circuit con-
ductor size, before the application of any adjustment or
correction factors, shall have an allowable ampacity not
less than the noncontinuous load plus 125 percent of the
continuous load.

Exception: Where the assembly, including the overcurrent
devices protecting the feeder(s), is listed for operation at
100 percent of its rating, the allowable ampacity of the
feeder conductors shall be permitted to be not less than the
sum of the continuous load plus the noncontinuous load.

The size of the feeder circuit grounded conductor shall
not be smaller than that required by 250.122, except that
250.122(F) shall not apply where grounded conductors are
run in parallel.

Additional minimum sizes shall be as specified in
215.2(A)(2) and (A)(3) under the conditions stipulated.

(2) Ampacity Relative to Service Conductors. The feeder
conductor ampacity shall not be less than that of the service
conductors where the feeder conductors carry the total load
supplied by service conductors with an ampacity of 55 am-
peres or less.

(3) Individual Dwelling Unit or Mobile Home Conduc-
tors. Feeder conductors for individual dwelling units or
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mobile homes need not be larger than service conductors.
Paragraph 310.15(B)(6) shall be permitted to be used for
conductor size.

FPN No. 1: See Examples D1(a), D1(b), D2(a), D2(b), and
D2(c) 0 in Annex D.

FPN No. 2: Conductors for feeders as defined in Article
100, sized to prevent a voltage drop exceeding 3 percent at
the farthest outlet of power, heating, and lighting loads, or
combinations of such loads, and where the maximum total
voltage drop on both feeders and branch circuits to the
farthest outlet does not exceed 5 percent, will provide reason-
able efficiency of operation.

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

215.3 Overcurrent Protection. Feeders shall be protected
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,
the rating of the overcurrent device shall not be less than
the noncontinuous load plus 125 percent of the continuous
load.

Exception No. 1: Where the assembly, including the overcur-
rent devices protecting the feeder(s), is listed for operation at
100 percent of its rating, the ampere rating of the overcurrent
device shall be permitted to be not less than the sum of the
continuous load plus the noncontinuous load.

215.5 Diagrams of Feeders. If required by the authority
having jurisdiction, a diagram showing feeder details shall
be provided prior to the installation of the feeders. Such a
diagram shall show the area in square feet of the building
or other structure supplied by each feeder, the total calculated
load before applying demand factors, the demand factors
used, the calculated load after applying demand factors, and
the size and type of conductors to be used.

215.6 Feeder Conductor Grounding Means. Where a
feeder supplies branch circuits in which equipment ground-
ing conductors are required, the feeder shall include or pro-
vide a grounding means, in accordance with the provisions
of 250.134, to which the equipment grounding conductors
of the branch circuits shall be connected.

215.7 Ungrounded Conductors Tapped from Grounded
Systems. Two-wire dc circuits and ac circuits of two or
more ungrounded conductors shall be permitted to be tapped
from the ungrounded conductors of circuits having a
grounded neutral conductor. Switching devices in each
tapped circuit shall have a pole in each ungrounded conduc-
tor.

215.9 Ground-Fault Circuit-Interrupter Protection for
Personnel. Feeders supplying 15- and 20-ampere receptacle
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branch circuits shall be permitted to be protected by a
ground-fault circuit interrupter in lieu of the provisions for
such interrupters as specified in 210.8 and 590.6(A).

215.12 Identification for Feeders.

(A) Grounded Conductor. The grounded conductor of a
feeder shall be identified in accordance with 200.6.

(B) Equipment Grounding Conductor. The equipment
grounding conductor shall be identified in accordance with
250.119.

ARTICLE 220
Branch-Circuit, Feeder,
and Service Calculations

1. General

220.1 Scope. This article provides requirements for calcu-
lating branch-circuit, feeder, and service loads. Part I pro-
vides for general requirements for calculation methods. Part
II provides calculation methods for branch circuit loads.
Parts III and IV provide calculation methods for feeders and
services.

FPN: See Figure 220.1 for information on the organization
of Article 220.

Part | General

Part Il Branch circuit load calculations

Part IV
Part 111 i
Feeder and ﬁzo'tm' feoeztelcr)r;ild
service load Leu (;a service load
calculations oads i
calculations

Figure 220.1 Branch-Circuit, Feeder, and Service Calculation
Methods.

220.3 Application of Other Articles. In other articles
applying to the calculation of loads in specialized applica-
tions, there are requirements provided in Table 220.3 that
are in addition to, or modifications of, those within this
article.

220.5 Calculations.

(A) Voltages. Unless other voltages are specified, for pur-
poses of calculating branch-circuit and feeder loads, nominal

Table 220.3 Additional Load Calculation References

Section
Calculation Article (or Part)
Air-Conditioning and Refrigerating 440 Part IV
Equipment, Branch-Circuit
Conductor Sizing
Fixed Electric Space Heating 424 4243
Equipment, Branch-Circuit Sizing
Storage-Type Water Heaters 422 422.11(E)

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

(B) Fractions of an Ampere. Where calculations result in
a fraction of an ampere that is less than 0.5, such fractions
shall be permitted to be dropped.

II. Branch Circuit Load Calculations

220.10 General. Branch-circuit loads shall be calculated
as shown in 220.12, 220.14, and 220.16.

220.12 Lighting Load for Specified Occupancies. A unit
load of not less than that specified in Table 220.12 for
occupancies specified therein shall constitute the minimum
lighting load. The floor area for each floor shall be calculated
from the outside dimensions of the building, dwelling unit,
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
per Square Meter

Volt-Amperes

Type of Occupancy per Square Foot

Dwelling units® 33 3

aSee 220.14(J).

FPN: The unit values herein are based on minimum load
conditions and 100 percent power factor and may not provide
sufficient capacity for the installation contemplated.

220.14 Other Loads — All Occupancies. In all occupanc-
ies, the minimum load for each outlet for general-use recepta-
cles and outlets not used for general illumination shall not
be less than that calculated in 220.14(A) through (E), (I),
and (J), the loads shown being based on nominal branch-
circuit voltages.

(A) Specific Appliances or Loads. An outlet for a specific
appliance or other load not covered in 220.14(B) through
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(E), (), and (J) shall be calculated based on the ampere
rating of the appliance or load served.

(B) Electric Dryers and Household Electric Cooking Ap-
pliances. Load calculations shall be permitted as specified
in 220.54 for electric dryers and in 220.55 for electric ranges
and other cooking appliances.

(C) Motor Loads. Outlets for motor loads shall be calcu-
lated in accordance with the requirements in 430.22 in the
NEC, 430.24 in the NEC, and 440.6.

(D) Luminaires (Lighting Fixtures). An outlet supplying
luminaire(s) [lighting fixture(s)] shall be calculated based
on the maximum volt-ampere rating of the equipment and
lamps for which the luminaire(s) [fixture(s)] is rated.

(E) Heavy-Duty Lampholders. Outlets for heavy-duty
lampholders shall be calculated at a minimum of 600 volt-
amperes.

(I) Receptacle Outlets. Except as covered in 220.14(J),
receptacle outlets shall be calculated at not less than 180
volt-amperes for each single or for each multiple receptacle
on one yoke. A single piece of equipment consisting of a
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
receptacle outlets specified in 210.11(C)(1) and (C)(2).

(J) Dwelling Occupancies. In one-family, two-family, and
multifamily dwellings and in guest rooms or guest suites of
hotels and motels, the outlets specified in (J)(1), (J)(2), and
(J)(3) are included in the general lighting load calculations
of 220.12. No additional load calculations shall be required
for such outlets.

(1) All general-use receptacle outlets of 20-ampere rating
or less, including receptacles connected to the circuits
in 210.11(C)(3)

(2) The receptacle outlets specified in 210.52(E) and (G)

(3) The lighting outlets specified in 210.70(A)

220.16 Loads for Additions to Existing Installations.

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

(1) Loads for structural additions to an existing dwelling
unit or for a previously unwired portion of an existing
dwelling unit, either of which exceeds 46.5 m?
(500 ft?), shall be calculated in accordance with 220.12
and 220.14.

(2) Loads for new circuits or extended circuits in previously
wired dwelling units shall be calculated in accordance
with either 220.12 or 220.14, as applicable.

NFPA 70A NATIONAL ELECTRICAL CODE® REQUIREMENTS FOR ONE- AND TWO-FAMILY DWELLINGS

Full document details: NFPA 70A 2005

220.18 Maximum Loads. The total load shall not exceed
the rating of the branch circuit, and it shall not exceed the
maximum loads specified in 220.18(A) through (C) under
the conditions specified therein.

(A) Motor-Operated and Combination Loads. Where a
circuit supplies only motor-operated loads, Article 430 in
the NEC shall apply. Where a circuit supplies only air-
conditioning equipment, refrigerating equipment, or both,
Article 440 shall apply. For circuits supplying loads con-
sisting of motor-operated utilization equipment that is fas-
tened in place and has a motor larger than % hp in
combination with other loads, the total calculated load shall
be based on 125 percent of the largest motor load plus the
sum of the other loads.

(B) Inductive Lighting Loads. For circuits supplying
lighting units that have ballasts, transformers, or autotrans-
formers, the calculated load shall be based on the total am-
pere ratings of such units and not on the total watts of the
lamps.

(C) Range Loads. It shall be permissible to apply demand
factors for range loads in accordance with Table 220.55,
including Note 4.

III. Feeder and Service Load Calculations

220.40 General. The calculated load of a feeder or service
shall not be less than the sum of the loads on the branch
circuits supplied, as determined by Part II of this article,
after any applicable demand factors permitted by Parts III
or IV have been applied.

FPN: See Examples D1(a), D1(b), D2(a), D2(b), and D2(c)
in Annex D. See 220.18(B) for the maximum load in amperes
permitted for lighting units operating at less than 100 percent
power factor.

220.42 General Lighting. The demand factors specified in
Table 220.42 shall apply to that portion of the total branch-
circuit load calculated for general illumination. They shall
not be applied in determining the number of branch circuits
for general illumination.

Table 220.42 Lighting Load Demand Factors

Portion of Lighting Load Demand
Type of to Which Demand Factor Factor
Occupancy Applies (Volt-Amperes) (Percent)
Dwelling units First 3000 or less at 100
From 3001 to 120,000 at 35
Remainder over 120,000 at 25
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220.50 Motors. Motor loads shall be calculated in accor-
dance with 430.24, 430.25, and 430.26 in the NEC and with
440.6 for hermetic refrigerant motor compressors.

220.51 Fixed Electric Space Heating. Fixed electric space
heating loads shall be calculated at 100 percent of the total
connected load. However, in no case shall a feeder or service
load current rating be less than the rating of the largest
branch circuit supplied.

Exception: Where reduced loading of the conductors results
from units operating on duty-cycle, intermittently, or from
all units not operating at the same time, the authority having
Jjurisdiction may grant permission for feeder and service
conductors to have an ampacity less than 100 percent, pro-
vided the conductors have an ampacity for the load so deter-
mined.

220.52 Small Appliance and Laundry Loads — Dwelling
Unit.

(A) Small Appliance Circuit Load. In each dwelling unit,
the load shall be calculated at 1500 volt-amperes for each
2-wire small-appliance branch circuit required by
210.11(C)(1). Where the load is subdivided through two or
more feeders, the calculated load for each shall include not
less than 1500 volt-amperes for each 2-wire small-appliance
branch circuit. These loads shall be permitted to be included
with the general lighting load and subjected to the demand
factors provided in Table 220.42.

Exception: The individual branch circuit permitted by
210.52(B)(1), Exception No. 2, shall be permitted to be
excluded from the calculation required by 220.52.

(B) Laundry Circuit Load. A load of not less than 1500
volt-amperes shall be included for each 2-wire laundry
branch circuit installed as required by 210.11(C)(2). This
load shall be permitted to be included with the general light-
ing load and subjected to the demand factors provided in
Table 220.42.

220.53 Appliance Load — Dwelling Unit(s). It shall be
permissible to apply a demand factor of 75 percent to the
nameplate rating load of four or more appliances fastened
in place, other than electric ranges, clothes dryers, space-
heating equipment, or air-conditioning equipment, that are
served by the same feeder or service in a one-family, two-
family, or multifamily dwelling.

220.54 Electric Clothes Dryers — Dwelling Unit(s). The
load for household electric clothes dryers in a dwelling
unit(s) shall be either 5000 watts (volt-amperes) or the name-
plate rating, whichever is larger, for each dryer served.
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220.55 Electric Ranges and Other Cooking Appliances
— Dwelling Unit(s). The load for household electric
ranges, wall-mounted ovens, counter-mounted cooking
units, and other household cooking appliances individually
rated in excess of 174 kW shall be permitted to be calculated
in accordance with Table 220.55. Kilovolt-amperes (kVA)
shall be considered equivalent to kilowatts (kW) for loads
calculated under this section.

Where two or more single-phase ranges are supplied
by a 3-phase, 4-wire feeder or service, the total load shall
be calculated on the basis of twice the maximum number
connected between any two phases.

FPN No. 1: See Example D5(a) in Annex D in the NEC.

FPN No. 3: See examples D1(a), D1(b), D2(a), D2(b), and
D2(c) in Annex D.

220.60 Noncoincident Loads. Where itis unlikely that two
or more noncoincident loads will be in use simultaneously,
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
feeder or service.

220.61 Feeder or Service Neutral Load.

(A) Basic Calculation. The feeder or service neutral load
shall be the maximum unbalance of the load determined by
this article. The maximum unbalanced load shall be the
maximum net calculated load between the neutral and any
one ungrounded conductor.

Exception: For 3-wire, 2-phase or 5-wire, 2-phase systems,
the maximum unbalanced load shall be the maximum net
calculated load between the neutral and any one ungrounded
conductor multiplied by 140 percent.

(B) Permitted Reductions. A service or feeder supplying
the following loads shall be permitted to have an additional
demand factor of 70 percent applied to the amount in
220.61(B)(1) or portion of the amount in 220.61(B)(2) deter-
mined by the basic calculation:

(1) A feeder or service supplying household electric ranges,
wall-mounted ovens, counter-mounted cooking units,
and electric dryers, where the maximum unbalanced
load has been determined in accordance with Table
220.55 for ranges and 220.54 for dryers

(2) That portion of the unbalanced load in excess of 200
amperes where the feeder or service is supplied from a
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
system

(C) Prohibited Reductions. There shall be no reduction
of the neutral or grounded conductor capacity applied to the
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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 1¥s kW
Rating (Column C to be used in all cases except as otherwise permitted in Note 3.)

Demand Factor (Percent) (See Notes)

Column C
Maximum Demand (kW) (See
Notes) (Not over 12 kW Rating)

Column B
(3%2 kW to 8% kW Rating)

Column A

Number of Appliances (Less than 32 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 8% kW through 27 kW ranges of unequal ratings. For ranges individually rated more than
8% 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 1% kW through 8% 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 1% kW but not more
than 8% 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),
from that determined by the basic calculation:

single 120/240-volt or 208Y/120-volt set of 3-wire service
or feeder conductors with an ampacity of 100 or greater. It
shall be permissible to calculate the feeder and service loads

(I) 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-
connected system

(2) That portion consisting of nonlinear loads supplied from
a 4-wire, wye-connected, 3-phase system

FPN No. 1: See Examples D1(a), D1(b), and D2(b) in Annex
D.

IV. Optional Feeder and Service Load Calculations
220.80 General. Optional feeder and service load calcula-
tions shall be permitted in accordance with Part IV.
220.82 Dwelling Unit.

(A) Feeder and Service Load. This section applies to a
dwelling unit having the total connected load served by a
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fied in Part III of this article. The calculated load shall be
the result of adding the loads from 220.82(B) and (C). Feeder
and service-entrance conductors whose calculated load is
determined by this optional calculation shall be permitted
to have the neutral load determined by 220.61.

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

(1) 33 volt-amperes/m* or 3 volt-amperes/ft> for general
lighting and general-use receptacles. The floor area for
each floor shall be calculated from the outside dimen-
sions of the dwelling unit. The calculated floor area
shall not include open porches, garages, or unused or
unfinished spaces not adaptable for future use.
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(2) 1500 volt-amperes for each 2-wire, 20-ampere small-
appliance branch circuit and each laundry branch circuit
specified in 220.52.

(3) The nameplate rating of all appliances that are fastened
in place, permanently connected, or located to be on a
specific circuit, ranges, wall-mounted ovens, counter-
mounted cooking units, clothes dryers, and water heat-
ers.

(4) The nameplate ampere or kVA rating of all motors and
of all low-power-factor loads.

(C) Heating and Air-Conditioning Load. The largest of
the following six selections (load in kVA) shall be included:

(1) 100 percent of the nameplate rating(s) of the air condi-
tioning and cooling.

(2) 100 percent of the nameplate rating(s) of the heating
when a heat pump is used without any supplemental
electric heating.

(3) 100 percent of the nameplate ratings of electric thermal
storage and other heating systems where the usual load
is expected to be continuous at the full nameplate value.
Systems qualifying under this selection shall not be
calculated 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
heating for central electric space heating systems. If the
heat pump compressor is prevented from operating at
the same time as the supplementary heat, it does not
need to be added to the supplementary heat for the total
central space heating load.

(5) 65 percent of the nameplate rating(s) of electric space
heating if less than four separately controlled units.

(6) 40 percent of the nameplate rating(s) of electric space
heating if four or more separately controlled units.

220.83 Existing Dwelling Unit. This section shall be per-
mitted to be used to determine if the existing service or
feeder is of sufficient capacity to serve additional loads.
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).

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

Load (kVA) Percent of Load
First 8 kVA of load at 100
Remainder of load at 40

Load calculations shall include the following:

(1) General lighting and general-use receptacles at 33 volt-
amperes/m”> or 3 volt-amperes/ft> as determined by
220.12

(2) 1500 volt-amperes for each 2-wire, 20-ampere small-
appliance branch circuit and each laundry branch circuit
specified in 220.52

(3) Household range(s), wall-mounted oven(s), and
counter-mounted cooking unit(s)

(4) All other appliances that are permanently connected,
fastened in place, or connected to a dedicated circuit,
at nameplate rating

(B) Where Additional Air-Conditioning Equipment or
Electric Space-Heating Equipment Is to Be Installed.
The following formula shall be used for existing and
additional new loads. The larger connected load of air-
conditioning or space-heating, but not both, shall be used.

Percent
Load of Load
Air-conditioning equipment 100
Central electric space heating 100
Less than four separately controlled space-heating 100

units

First 8 kVA of all other loads 100
Remainder of all other loads 40

Other loads shall include the following:

(1) General lighting and general-use receptacles at 33 volt-
amperes/m> or 3 volt-amperes/ft> as determined by
220.12

(2) 1500 volt-amperes for each 2-wire, 20-ampere small-
appliance branch circuit and each laundry branch circuit
specified in 220.52

(3) Household range(s), wall-mounted oven(s), and
counter-mounted cooking unit(s)

(4) All other appliances that are permanently connected,
fastened in place, or connected to a dedicated circuit,
including four or more separately controlled space-
heating units, at nameplate rating

ARTICLE 225
Outside Branch Circuits and Feeders

225.1 Scope. This article covers requirements for outside
branch circuits and feeders run on or between buildings,
structures, or poles on the premises; and electric equipment
and wiring for the supply of utilization equipment that is
located on or attached to the outside of buildings, structures,
or poles.

225.2 Other Articles. Application of other articles, includ-
ing additional requirements to specific cases of equipment
and conductors, is shown in Table 225.2.
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Table 225.2 Other Articles

Equipment/Conductors Article
Branch circuits 210
Class 1, Class 2, and Class 3 remote-control, 725
signaling, and power-limited circuits
Communications circuits 800
Community antenna television and radio distribution 820
systems
Conductors for general wiring 310
Feeders 215
Fire alarm systems 760
Fixed outdoor electric deicing and snow-melting 426*
equipment
Floating buildings 553%
Grounding 250
Messenger supported wiring 396*
Mobile homes, manufactured homes, and mobile 550
home parks
Open wiring on insulators 398*
Overcurrent protection 240
Services 230
Solar photovoltaic systems 690*
Swimming pools, fountains, and similar installations 680
Use and identification of grounded conductors 200

* Article is in the NEC.

1. General

225.3 Calculation of Loads 600 Volts, Nominal, or Less.

(A) Branch Circuits. The load on outdoor branch circuits
shall be as determined by 220.10.

(B) Feeders. The load on outdoor feeders shall be as deter-
mined by Part III of Article 220.

225.4 Conductor Covering. Where within 3.0 m (10 ft)
of any building or structure other than supporting poles or
towers, open individual (aerial) overhead conductors shall
be insulated or covered. Conductors in cables or raceways,
except Type MI cable, shall be of the rubber-covered type
or thermoplastic type and, in wet locations, shall comply
with 310.8. Conductors for festoon lighting shall be of the
rubber-covered or thermoplastic type.

Exception: Equipment grounding conductors and grounded
circuit conductors shall be permitted to be bare or covered
as specifically permitted elsewhere in this Code.

225.5 Size of Conductors 600 Volts, Nominal, or Less.
The ampacity of outdoor branch-circuit and feeder conduc-
tors shall be in accordance with 310.15 based on loads as
determined under 220.10 and Part III of Article 220.
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225.6 Conductor Size and Support.

(A) Overhead Spans. Open individual conductors shall
not be smaller than the following:

(1) For 600 volts, nominal, or less, 10 AWG copper or 8
AWG aluminum for spans up to 15 m (50 ft) in length,
and 8 AWG copper or 6 AWG aluminum for a longer
span unless supported by a messenger wire

(B) Festoon Lighting. Overhead conductors for festoon
lighting shall not be smaller than 12 AWG unless the conduc-
tors are supported by messenger wires. In all spans exceeding
12 m (40 ft), the conductors shall be supported by messenger
wire. The messenger wire shall be supported by strain insula-
tors. Conductors or messenger wires shall not be attached
to any fire escape, downspout, or plumbing equipment.

225.7 Lighting Equipment Installed Outdoors.

(A) General. For the supply of lighting equipment installed
outdoors, the branch circuits shall comply with Article 210,
225.7(B), and 225.7(C) and (D) in the NEC.

(B) Common Neutral. The ampacity of the neutral con-
ductor shall not be less than the maximum net computed load
current between the neutral and all ungrounded conductors
connected to any one phase of the circuit.

225.10 Wiring on Buildings. The installation of outside
wiring on surfaces of buildings shall be permitted for circuits
of not over 600 volts, nominal, as open wiring on insulators,
as multiconductor cable, as Type MC cable, as Type MI
cable, as messenger supported wiring, in rigid metal conduit,
in intermediate metal conduit, in rigid nonmetallic conduit,
in cable trays, as cablebus, in wireways, in auxiliary gutters,
in electrical metallic tubing, in flexible metal conduit, in
liquidtight flexible metal conduit, in liquidtight flexible non-
metallic conduit, and in busways.

225.11 Circuit Exits and Entrances. Where outside
branch and feeder circuits leave or enter a building, the
requirements of 230.52 in the NEC and 230.54 shall apply.

225.12 Open-Conductor Supports. Open conductors
shall be supported on glass or porcelain knobs, racks, brack-
ets, or strain insulators.

225.14 Open-Conductor Spacings.

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

(C) Separation from Other Circuits. Open conductors
shall be separated from open conductors of other circuits or
systems by not less than 100 mm (4 in.).
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225.15 Supports over Buildings. Supports over a building
shall be in accordance with 230.29.

225.16 Attachment to Buildings.

(A) Point of Attachment. The point of attachment to a
building shall be in accordance with 230.26.

(B) Means of Attachment. The means of attachment to a
building shall be in accordance with 230.27.

225.17 Masts as Supports. Where a mast is used for the
support of final spans of feeders or branch circuits, it shall
be of adequate strength or be supported by braces or guys
to withstand safely the strain imposed by the overhead drop.
Where raceway-type masts are used, all raceway fittings
shall be identified for use with masts. Only the feeder or
branch circuit conductors specified within this section shall
be permitted to be attached to the feeder and/or branch circuit
mast.

225.18 Clearance from Ground. Overhead spans of open
conductors and open multiconductor cables of not over 600
volts, nominal, shall have a clearance of not less than the
following:

(1) 3.0 m (10 ft) — above finished grade, sidewalks, or
from any platform or projection from which they might
be reached where the voltage does not exceed 150 volts
to ground and accessible to pedestrians only

(2) 3.7m (12 ft) — over residential property and driveways,
and those commercial areas not subject to truck traffic
where the voltage does not exceed 300 volts to ground

(3) 4.5 m (15 ft) — for those areas listed in the 3.7 m (12
ft) classification where the voltage exceeds 300 volts
to ground

(4) 5.5m (18 ft)— over public streets, alleys, roads, parking
areas subject to truck traffic, driveways on other than
residential property, and other land traversed by vehi-
cles, such as cultivated, grazing, forest, and orchard

225.19 Clearances from Buildings for Conductors of Not
Over 600 Volts, Nominal.

(A) Above Roofs. Overhead spans of open conductors and
open multiconductor cables shall have a vertical clearance
of not less than 2.5 m (8 ft) above the roof surface. The
vertical clearance above the roof level shall be maintained
for a distance not less than 900 mm (3 ft) in all directions
from the edge of the roof.

Exception No. 1: The area above a roof surface subject to
pedestrian or vehicular traffic shall have a vertical clear-
ance from the roof surface in accordance with the clearance
requirements of 225.18.
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Exception No. 2: Where the voltage between conductors
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.

Exception No. 3: Where the voltage between conductors
does not exceed 300, a reduction in clearance above only
the overhanging portion of the roof to not less than 450 mm
(18 in.) shall be permitted if (1) not more than 1.8 m (6 ft)
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.

Exception No. 4: The requirement for maintaining the verti-
cal clearance 900 mm (3 ft) from the edge of the roof shall
not apply to the final conductor span where the conductors
are attached to the side of a building.

(B) From Nonbuilding or Nonbridge Structures. From
signs, chimneys, radio and television antennas, tanks, and
other nonbuilding or nonbridge structures, clearances —
vertical, diagonal, and horizontal — shall not be less than
900 mm (3 ft).

(C) Horizontal Clearances. Clearances shall not be less
than 900 mm (3 ft).

(D) Final Spans. Final spans of feeders or branch circuits
shall comply with 225.19(D)(1), (D)(2), and (D)(3).

(1) Clearance from Windows. Final spans to the building
they supply, or from which they are fed, shall be permitted
to be attached to the building, but they shall be kept not
less than 900 mm (3 ft) from windows that are designed to
be opened, and from 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.

(2) 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 225.18.

(3) Building Openings. The overhead branch-circuit and
feeder conductors shall not be installed beneath openings
through which materials may be moved, such as openings
in farm and commercial buildings, and shall not be installed
where they obstruct entrance to these buildings’ openings.

225.20 Mechanical Protection of Conductors. Mechani-
cal protection of conductors on buildings, structures, or poles
shall be as provided for services in 230.50.
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225.21 Multiconductor Cables on Exterior Surfaces of
Buildings. Supports for multiconductor cables on exterior
surfaces of buildings shall be as provided in 230.51.

225.22 Raceways on Exterior Surfaces of Buildings or
Other Structures. Raceways on exteriors of buildings or
other structures shall be arranged to drain and shall be rain-
tight in wet locations.

Exception: Flexible metal conduit, where permitted in
348.12(1), shall not be required to be raintight.

225.24 Outdoor Lampholders. Where outdoor lamphold-
ers are attached as pendants, the connections to the circuit
wires shall be staggered. Where such lampholders have ter-
minals of a type that puncture the insulation and make con-
tact with the conductors, they shall be attached only to
conductors of the stranded type.

225.25 Location of Outdoor Lamps. Locations of lamps
for outdoor lighting shall be below all energized conductors,
transformers, or other electric utilization equipment, unless
either of the following apply:

(1) Clearances or other safeguards are provided for relamp-
ing operations.

(2) Equipment is controlled by a disconnecting means that
can be locked in the open position.

225.26 Vegetation as Support. Vegetation such as trees
shall not be used for support of overhead conductor spans.

II. More Than One Building or Other Structure

225.30 Number of Supplies. Where more than one build-
ing or other structure is on the same property and under single
management, each additional building or other structure that
is served by a branch circuit or feeder on the load side of
the service disconnecting means shall be supplied by only
one feeder or branch circuit unless permitted in 225.30(A)
or (D). For the purpose of this section, a multiwire branch
circuit shall be considered a single circuit.

(A) Special Conditions. Additional feeders or branch cir-
cuits shall be permitted to supply the following:

(4) Optional standby systems
(5) Parallel power production systems

(D) Different Characteristics. Additional feeders or
branch circuits shall be permitted for different voltages,
frequencies, or phases or for different uses, such as control
of outside lighting from multiple locations.
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225.31 Disconnecting Means. Means shall be provided for
disconnecting all ungrounded conductors that supply or pass
through the building or structure.

225.32 Location. The disconnecting means shall be in-
stalled either inside or outside of the building or structure
served or where the conductors pass through the building
or structure. The disconnecting means shall be at a readily
accessible location nearest the point of entrance of the con-
ductors. For the purposes of this section, the requirements
in 230.6 shall be utilized.

225.33 Maximum Number of Disconnects.

(A) General. The disconnecting means for each supply
permitted by 225.30 shall consist of not more than six
switches or six circuit breakers mounted in a single enclo-
sure, in a group of separate enclosures, or in or on a switch-
board. There shall be no more than six disconnects per
supply grouped in any one location.

(B) Single-Pole Units. Two or three single-pole switches
or breakers capable of individual operation shall be permitted
on multiwire circuits, one pole for each ungrounded conduc-
tor, as one multipole disconnect, provided they are equipped
with handle ties or a master handle to disconnect all un-
grounded conductors with no more than six operations of
the hand.

225.34 Grouping of Disconnects.

(A) General. The two to six disconnects as permitted in
225.33 shall be grouped. Each disconnect shall be marked
to indicate the load served.

Exception: One of the two to six disconnecting means per-
mitted in 225.33, where used only for a water pump also
intended to provide fire protection, shall be permitted to be
located remote from the other disconnecting means.

(B) Additional Disconnecting Means. The one or more
additional disconnecting means for fire pumps or for emer-
gency, legally required standby or optional standby system
permitted by 225.30 shall be installed sufficiently remote
from the one to six disconnecting means for normal supply
to minimize the possibility of simultaneous interruption of

supply.

225.35 Access to Occupants. In a multiple-occupancy
building, each occupant shall have access to the occupant’s
supply disconnecting means.

225.36 Suitable for Service Equipment. The discon-
necting means specified in 225.31 shall be suitable for use
as service equipment.
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Exception: For garages and outbuildings on residential
property, a snap switch or a set of 3-way or 4-way snap
switches shall be permitted as the disconnecting means.

225.37 Identification. Where a building or structure has
any combination of feeders, branch circuits, or services pass-
ing through it or supplying it, a permanent plaque or directory
shall be installed at each feeder and branch-circuit disconnect
location denoting all other services, feeders, or branch cir-
cuits supplying that building or structure or passing through
that building or structure and the area served by each.

Exception No. 2: This identification shall not be required
for branch circuits installed from a dwelling unit to a second
building or structure.

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

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.

(A) Manually or Power Operable. The disconnecting
means shall consist of either (1) a manually operable switch
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
by hand in the event of a power failure.

(B) Simultaneous Opening of Poles. Each building or
structure disconnecting means shall simultaneously discon-
nect all ungrounded supply conductors that it controls from
the building or structure wiring system.

(C) Disconnection of Grounded Conductor. Where the
building or structure disconnecting means does not discon-
nect the grounded conductor from the grounded conductors
in the building or structure wiring, other means shall be
provided for this purpose at the location of disconnecting
means. A terminal or bus to which all grounded conductors
can be attached by means of pressure connectors shall be
permitted for this purpose.

(D) Indicating. The building or structure disconnecting
means shall plainly indicate whether it is in the open or
closed position.

225.39 Rating of Disconnect. The feeder or branch-circuit
disconnecting means shall have a rating of not less than the
load to be supplied, determined in accordance with Parts I
and II of Article 220 for branch circuits, Parts III or IV of
Article 220 for feeders. In no case shall the rating be lower
than specified in 225.39(A), (B), (C), or (D).

(A) One-Circuit Installation. For installations to supply
only limited loads of a single branch circuit, the branch
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circuit disconnecting means shall have a rating of not less
than 15 amperes.

(B) Two-Circuit Installations. For installations consisting
of not more than two 2-wire branch circuits, the feeder or
branch-circuit disconnecting means shall have a rating of
not less than 30 amperes.

(C) One-Family Dwelling. For a one-family dwelling, the
feeder disconnecting means shall have a rating of not less
than 100 amperes, 3-wire.

(D) All Others. For all other installations, the feeder or
branch-circuit disconnecting means shall have a rating of
not less than 60 amperes.

ARTICLE 230
Services

230.1 Scope. This article covers service conductors and
equipment for control and protection of services and their
installation requirements.

FPN: See Figure 230.1.

1. General

230.2 Number of Services. A building or other structure
served shall be supplied by only one service unless permitted
in 230.2 (D). For the purpose of 230.40, Exception No. 2
only, underground sets of conductors, 1/0 AWG and larger,
running to the same location and connected together at their
supply end but not connected together at their load end shall
be considered to be supplying one service.

(D) Different Characteristics. Additional services shall
be permitted for different voltages, frequencies, or phases,
or for different uses, such as for different rate schedules.

(E) Identification. Where a building or structure is sup-
plied by more than one service, or any combination of branch
circuits, feeders, and services, a permanent plaque or direc-
tory shall be installed at each service disconnect location
denoting all other services, feeders, and branch circuits sup-
plying that building or structure and the area served by each.
See 225.37.

230.3 One Building or Other Structure Not to Be Sup-
plied Through Another. Service conductors supplying a
building or other structure shall not pass through the interior
of another building or other structure.

230.6 Conductors Considered Outside the Building.
Conductors shall be considered outside of a building or other
structure under any of the following conditions:
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General Part |
Overhead Service-Drop Conductors Part Il
Underground Service-Lateral Conductors Part 111
Service-Entrance Conductors Part IV
Service Equipment—General Part V
Service Equipment—Disconnecting Means Part VI
Service Equipment—Overcurrent Protection Part VII
Services Exceeding 600 Volts, Nominal Part VIII*
Source
Overhead Underground
Last pole Street main
Part Il Service drop Service lateral Part 11
230.24 Clearances Depth of burial 230.49

and protection

Service head Terminal box,

meter, or other

[:l enclosure

Service-entrance Part IV
conductors

Service equipment—general PartV
Grounding o Article 250
Disconnecting means Part VI

Overcurrent protection Part VII

Branch circuits
Feeders

Articles 210, 225
Articles 215, 225

*Part VIl in the NEC

Figure 230.1 Services.

(1) Where installed under not less than 50 mm (2 in.) of
concrete beneath a building or other structure

(2) Where installed within a building or other structure in
a raceway that is encased in concrete or brick not less
than 50 mm (2 in.) thick

(3) Where installed in any vault that meets the construction
requirements of Article 450, Part III in the NEC

(4) Where installed in conduit and under not less than 450
mm (18 in.) of earth beneath a building or other structure

230.7 Other Conductors in Raceway or Cable. Conduc-
tors other than service conductors shall not be installed in
the same service raceway or service cable.

Exception No. 1: Grounding conductors and bonding
Jjumpers.

Exception No. 2: Load management control conductors hav-
ing overcurrent protection.
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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.

II. Overhead Service-Drop Conductors

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

Exception: The grounded conductor of a multiconductor
cable shall be permitted to be bare.

230.23 Size and Rating.

(A) General. Conductors shall have sufficient ampacity to
carry the current for the load as calculated in accordance with
Article 220 and shall have adequate mechanical strength.

(B) Minimum Size. The conductors shall not be smaller
than 8 AWG copper or 6 AWG aluminum or copper-clad
aluminum.

Exception: Conductors supplying only limited loads of a
single branch circuit — such as small polyphase power,
controlled water heaters, and similar loads — shall not be
smaller than 12 AWG hard-drawn copper or equivalent.

(C) Grounded Conductors. The grounded conductor shall
not be less than the minimum size as required by 250.24(C).
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230.24 Clearances. Service-drop conductors shall not be
readily accessible and shall comply with 230.24(A) through
(D) for services not over 600 volts, nominal.

(A) Above Roofs. Conductors shall have a vertical clear-
ance of not less than 2.5 m (8 ft) above the roof surface. The
vertical clearance above the roof level shall be maintained for
a distance of not less than 900 mm (3 ft) in all directions
from the edge of the roof.

Exception No. 1: The area above a roof surface subject to
pedestrian or vehicular traffic shall have a vertical clear-
ance from the roof surface in accordance with the clearance
requirements of 230.24(B).

Exception No. 2: Where the voltage between conductors
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.

Exception No. 3: Where the voltage between conductors
does not exceed 300, a reduction in clearance above only
the overhanging portion of the roof to not less than 450 mm
(18 in.) shall be permitted if (1) not more than 1.8 m (6 ft)
of service-drop conductors, 1.2 m (4 ft) horizontally, pass
above the roof overhang, and (2) they are terminated at a
through-the-roof raceway or approved support.

FPN: See 230.28 for mast supports.

Exception No. 4: The requirement for maintaining the verti-
cal clearance 900 mm (3 ft) from the edge of the roof shall
not apply to the final conductor span where the service drop
is attached to the side of a building.

(B) Vertical Clearance from Ground. Service-drop con-
ductors, where not in excess of 600 volts, nominal, shall
have the following minimum clearance from final grade:

(1) 3.0 m (10 ft) — at the electric service entrance to build-
ings, also at the lowest point of the drip loop of the
building electric entrance, and above areas or sidewalks
accessible only to pedestrians, measured from final
grade or other accessible surface only for service-drop
cables supported on and cabled together with a grounded
bare messenger where the voltage does not exceed 150
volts to ground

(2) 3.7m (12 ft) — over residential property and driveways,
and those commercial areas not subject to truck traffic
where the voltage does not exceed 300 volts to ground

(3) 45 m (15 ft) — for those areas listed in the 3.7-m
(12-ft) classification where the voltage exceeds 300
volts to ground

(4) 5.5m (18 ft)— over public streets, alleys, roads, parking
areas subject to truck traffic, driveways on other than
residential property, and other land such as cultivated,
grazing, forest, and orchard
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(C) Clearance from Building Openings. See 230.9.

(D) Clearance from Swimming Pools. See 680.8.

230.26 Point of Attachment. The point of attachment of
the service-drop conductors to a building or other structure
shall provide the minimum clearances as specified in 230.9
and 230.24. In no case shall this point of attachment be less
than 3.0 m (10 ft) above finished grade.

230.27 Means of Attachment. Multiconductor cables used
for service drops shall be attached to buildings or other
structures by fittings identified for use with service conduc-
tors. Open conductors shall be attached to fittings identified
for use with service conductors or to noncombustible, nonab-
sorbent insulators securely attached to the building or other
structure.

230.28 Service Masts as Supports. Where a service mast
is used for the support of service-drop conductors, it shall
be of adequate strength or be supported by braces or guys
to withstand safely the strain imposed by the service drop.
Where raceway-type service masts are used, all raceway
fittings shall be identified for use with service masts. Only
power service-drop conductors shall be permitted to be
attached to a service mast.

230.29 Supports over Buildings. Service-drop conductors
passing over a roof shall be securely supported by substantial
structures. Where practicable, such supports shall be inde-
pendent of the building.

III. Underground Service-Lateral Conductors

230.30 Insulation. Service-lateral conductors shall be in-
sulated for the applied voltage.

Exception: A grounded conductor shall be permitted to be
uninsulated as follows:

(1) Bare copper used in a raceway.

(2) Bare copper for direct burial where bare copper is
Jjudged to be suitable for the soil conditions.

(3) Bare copper for direct burial without regard to soil
conditions where part of a cable assembly identified for
underground use.

(4) Aluminum or copper-clad aluminum without individual
insulation or covering where part of a cable assembly
identified for underground use in a raceway or for direct
burial.

230.31 Size and Rating.

(A) General. Service-lateral conductors shall have suffi-
cient ampacity to carry the current for the load as calculated
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in accordance with Article 220 and shall have adequate
mechanical strength.

(B) Minimum Size. The conductors shall not be smaller
than 8 AWG copper or 6 AWG aluminum or copper-clad
aluminum.

Exception: Conductors supplying only limited loads of a
single branch circuit — such as small polyphase power,
controlled water heaters, and similar loads — shall not be
smaller than 12 AWG copper or 10 AWG aluminum or
copper-clad aluminum.

(C) Grounded Conductors. The grounded conductor shall
not be less than the minimum size required by 250.24(C).

230.32 Protection Against Damage. Underground ser-
vice-lateral conductors shall be protected against damage in
accordance with 300.5. Service-lateral conductors entering
a building shall be installed in accordance with 230.6 or
protected by a raceway wiring method identified in 230.43.

230.33 Spliced Conductors. Service-lateral conductors
shall be permitted to be spliced or tapped in accordance with
110.14, 300.5(E), 300.13, and 300.15.

IV. Service-Entrance Conductors

230.40 Number of Service-Entrance Conductor Sets.
Each service drop or lateral shall supply only one set of
service-entrance conductors.

Exception No. 1: A building shall be permitted to have
one set of service-entrance conductors for each service,
as defined in 230.2, run to each occupancy or group of
occupancies.

Exception No. 2: Where two to six service disconnecting
means in separate enclosures are grouped at one location
and supply separate loads from one service drop or lateral,
one set of service-entrance conductors shall be permitted to
supply each or several such service equipment enclosures.

Exception No. 3: A single-family dwelling unit and a sepa-
rate structure shall be permitted to have one set of service-
entrance conductors run to each from a single service drop
or lateral.

Exception No. 4: A two-family dwelling or a multifamily
dwelling shall be permitted to have one set of service-
entrance conductors installed to supply the circuits covered
in 210.25.

Exception No. 5: One set of service-entrance conductors
connected to the supply side of the normal service discon-
necting means shall be permitted to supply each or several
systems covered by 230.82(5) or 230.82(6).
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230.41 Insulation of Service-Entrance Conductors.
Service-entrance conductors entering or on the exterior of
buildings or other structures shall be insulated.

Exception: A grounded conductor shall be permitted to be
uninsulated as follows:

(1) Bare copper used in a raceway or part of a service
cable assembly.

(2) Bare copper for direct burial where bare copper is
Jjudged to be suitable for the soil conditions.

(3) Bare copper for direct burial without regard to soil
conditions where part of a cable assembly identified for
underground use.

(4) Aluminum or copper-clad aluminum without individual
insulation or covering where part of a cable assembly
or identified for underground use in a raceway, or for
direct burial.

(5) Bare conductors used in an auxiliary gutter.

230.42 Minimum Size and Rating.

(A) General. The ampacity of the service-entrance conduc-
tors before the application of any adjustment or correction
factors shall not be less than either (A)(1) or (A)(2). Loads
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 the
busway has been listed or labeled.

(1) The sum of the noncontinuous loads plus 125 percent
of continuous loads

(2) The sum of the noncontinuous load plus the continuous
load if the service-entrance conductors terminate in an
overcurrent device where both the overcurrent device
and its assembly are listed for operation at 100 percent
of their rating

(B) Specific Installations. In addition to the requirements
of 230.42(A), the minimum ampacity for ungrounded con-
ductors for specific installations shall not be less than the
rating of the service disconnecting means specified in
230.79(C) and (D).

(C) Grounded Conductors. The grounded conductor shall
not be less than the minimum size as required by 250.24(C).

230.43 Wiring Methods for 600 Volts, Nominal, or Less.
Service-entrance conductors shall be installed in accordance
with the applicable requirements of this Code covering the
type of wiring method used and shall be limited to the
following methods:

(1) Open wiring on insulators
(2) Type IGS cable
(3) Rigid metal conduit
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(4) Intermediate metal conduit
(5) Electrical metallic tubing
(6) Electrical nonmetallic tubing (ENT)
(7) Service-entrance cables
(8) Wireways
(9) Busways
(10) Auxiliary gutters
(11) Rigid nonmetallic conduit
(12) Cablebus
(13) Type MC cable
(14) Mineral-insulated, metal-sheathed cable
(15) Flexible metal conduit not over 1.8 m (6 ft) long or
liquidtight flexible metal conduit not over 1.8 m (6 ft)
long between raceways, or between raceway and ser-
vice equipment, with equipment bonding jumper routed
with the flexible metal conduit or the liquidtight flexi-
ble metal conduit according to the provisions of
250.102(A), (B), (C), and (E)
(16) Liquidtight flexible nonmetallic conduit

230.46 Spliced Conductors. Service-entrance conductors
shall be permitted to be spliced or tapped in accordance with
110.14, 300.5(E), 300.13, and 300.15.

230.49 Protection Against Physical Damage — Under-
ground. Underground service-entrance conductors shall be
protected against physical damage in accordance with 300.5.

230.50 Protection of Open Conductors and Cables
Against Damage — Above Ground. Service-entrance con-
ductors installed above ground shall be protected against
physical damage as specified in 230.50(A) or (B).

(A) Service Cables. Service cables, where subject to physi-
cal damage, shall be protected by any of the following:

(1) Rigid metal conduit

(2) Intermediate metal conduit

(3) Schedule 80 rigid nonmetallic conduit
(4) Electrical metallic tubing

(5) Other approved means

(B) Other Than Service Cable. Individual open conduc-
tors and cables other than service cables shall not be installed
within 3.0 m (10 ft) of grade level or where exposed to
physical damage.

Exception: Type MI and Type MC cable shall be permitted
within 3.0 m (10 ft) of grade level where not exposed to
physical damage or where protected in accordance with
300.5(D).

230.51 Mounting Supports. Cables or individual open
service conductors shall be supported as specified in
230.51(A) or (B).

(A) Service Cables. Service cables shall be supported by
straps or other approved means within 300 mm (12 in.) of
every service head, gooseneck, or connection to a raceway
or enclosure and at intervals not exceeding 750 mm (30 in.).

(B) Other Cables. Cables that are not approved for mount-
ing in contact with a building or other structure shall be
mounted on insulating supports installed at intervals not
exceeding 4.5 m (15 ft) and in a manner that maintains a
clearance of not less than 50 mm (2 in.) from the surface
over which they pass.

230.53 Raceways to Drain. Where exposed to the weather,
raceways enclosing service-entrance conductors shall be
raintight and arranged to drain. Where embedded in masonry,
raceways shall be arranged to drain.

Exception: As permitted in 348.12(1).

230.54 Overhead Service Locations.

(A) Raintight Service Head. Service raceways shall be
equipped with a raintight service head at the point of connec-
tion to service-drop conductors.

(B) Service Cable Equipped with Raintight Service Head
or Gooseneck. Service cables shall be equipped with a
raintight service head.

Exception: Type SE cable shall be permitted to be formed in
a gooseneck and taped with a self-sealing weather-resistant
thermoplastic.

(C) Service Heads and Goosenecks Above Service-Drop
Attachment. Service heads and goosenecks in service-en-
trance cables shall be located above the point of attachment
of the service-drop conductors to the building or other struc-
ture.

Exception: Where it is impracticable to locate the service
head or gooseneck above the point of attachment, the service
head or gooseneck location shall be permitted not farther
than 600 mm (24 in.) from the point of attachment.

(D) Secured. Service cables shall be held securely in place.

(E) Separately Bushed Openings. Service heads shall
have conductors of different potential brought out through
separately bushed openings.

Exception: For jacketed multiconductor service cable with-
out splice.

(F) Drip Loops. Drip loops shall be formed on individual
conductors. To prevent the entrance of moisture, service-
entrance conductors shall be connected to the service-drop
conductors either (1) below the level of the service head or
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(2) below the level of the termination of the service-entrance
cable sheath.

(G) Arranged That Water Will Not Enter Service Race-
way or Equipment. Service-drop conductors and service-
entrance conductors shall be arranged so that water will not
enter service raceway or equipment.

V. Service Equipment — General

230.62 Service Equipment — Enclosed or Guarded.
Energized parts of service equipment shall be enclosed as
specified in 230.62(A) or guarded as specified in 230.62(B).

(A) Enclosed. Energized parts shall be enclosed so that
they will not be exposed to accidental contact or shall be
guarded as in 230.62(B).

(B) Guarded. Energized parts that are not enclosed shall
be installed on a switchboard, panelboard, or control board
and guarded in accordance with 110.18 and 110.27. Where
energized parts are guarded as provided in 110.27(A)(1) and
(A)(2), ameans for locking or sealing doors providing access
to energized parts shall be provided.

230.66 Marking. Service equipment rated at 600 volts or
less shall be marked to identify it as being suitable for use
as service equipment. Individual meter socket enclosures
shall not be considered service equipment.

VI. Service Equipment — Disconnecting Means

230.70 General. Means shall be provided to disconnect all
conductors in a building or other structure from the service-
entrance conductors.

(A) Location. The service disconnecting means shall be
installed in accordance with 230.70(A)(1), (A)(2), and

(A)3).

(1) Readily Accessible Location. The service discon-
necting means shall be installed at a readily accessible loca-
tion either outside of a building or structure or inside nearest
the point of entrance of the service conductors.

(2) Bathrooms. Service disconnecting means shall not be
installed in bathrooms.

(3) Remote Control. Where a remote control device(s) is
used to actuate the service disconnecting means, the service
disconnecting means shall be located in accordance with
230.70(A)(1).

(B) Marking. Each service disconnect shall be perma-
nently marked to identify it as a service disconnect.
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(C) Suitable for Use. Each service disconnecting means
shall be suitable for the prevailing conditions.

230.71 Maximum Number of Disconnects.

(A) General. The service disconnecting means for each
service permitted by 230.2, or for each set of service-en-
trance conductors permitted by 230.40, Exception Nos. 1,
3, 4, or 5, shall consist of not more than six switches or sets
of circuit breakers, or a combination of not more than six
switches and sets of circuit breakers, mounted in a single
enclosure, in a group of separate enclosures, or in or on a
switchboard. There shall be not more than six sets of discon-
nects per service grouped in any one location. For the pur-
pose of this section, disconnecting means used solely for
power monitoring equipment, transient voltage surge sup-
pressors, or the control circuit of the ground-fault protection
system or power-operable service disconnecting means, in-
stalled as part of the listed equipment, shall not be considered
a service disconnecting means.

(B) Single-Pole Units. Two or three single-pole switches
or breakers, capable of individual operation, shall be permit-
ted on multiwire circuits, one pole for each ungrounded
conductor, as one multipole disconnect, provided they are
equipped with handle ties or a master handle to disconnect
all conductors of the service with no more than six operations
of the hand.

FPN: See 408.36(A) for service equipment in panelboards.

230.72 Grouping of Disconnects.

(A) General. The two to six disconnects as permitted in
230.71 shall be grouped. Each disconnect shall be marked
to indicate the load served.

Exception: One of the two to six service disconnecting
means permitted in 230.71, where used only for a water pump
also intended to provide fire protection, shall be permitted to
be located remote from the other disconnecting means.

(B) Additional Service Disconnecting Means. The one or
more additional service disconnecting means for fire pumps,
emergency systems, legally required standby, or optional
standby services permitted by 230.2 shall be installed remote
from the one to six service disconnecting means for normal
service to minimize the possibility of simultaneous interrup-
tion of supply.

(C) Access to Occupants. In a multiple-occupancy build-
ing, each occupant shall have access to the occupant’s service
disconnecting means.

230.74 Simultaneous Opening of Poles. Each service dis-
connect shall simultaneously disconnect all ungrounded
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service conductors that it controls from the premises wiring
system.

230.75 Disconnection of Grounded Conductor. Where
the service disconnecting means does not disconnect the
grounded conductor from the premises wiring, other means
shall be provided for this purpose in the service equipment.
A terminal or bus to which all grounded conductors can be
attached by means of pressure connectors shall be permitted
for this purpose. In a multisection switchboard, disconnects
for the grounded conductor shall be permitted to be in any
section of the switchboard, provided any such switchboard
section is marked.

230.76 Manually or Power Operable. The service discon-
necting means for ungrounded service conductors shall con-
sist of one of the following:

(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
the switch or circuit breaker can be opened by hand in
the event of a power supply failure

230.77 Indicating. The service disconnecting means shall
plainly indicate whether it is in the open or closed position.

230.79 Rating of Service Disconnecting Means. The ser-
vice disconnecting means shall have a rating not less than
the load to be carried, determined in accordance with Article
220. In no case shall the rating be lower than specified in
230.79 (C) or (D).

(C) One-Family Dwelling. For a one-family dwelling, the
service disconnecting means shall have a rating of not less
than 100 amperes, 3-wire.

(D) All Others. For all other installations, the service dis-
connecting means shall have a rating of not less than 60
amperes.

230.80 Combined Rating of Disconnects. Where the ser-
vice disconnecting means consists of more than one switch
or circuit breaker, as permitted by 230.71, the combined
ratings of all the switches or circuit breakers used shall not
be less than the rating required by 230.79.

230.81 Connection to Terminals. The service conductors
shall be connected to the service disconnecting means by
pressure connectors, clamps, or other approved means. Con-
nections that depend on solder shall not be used.

230.82 Equipment Connected to the Supply Side of Ser-
vice Disconnect. Only the following equipment shall be

permitted to be connected to the supply side of the service
disconnecting means:

(1) Cable limiters or other current-limiting devices

(2) Meters and meter sockets nominally rated not in excess
of 600 volts, provided all metal housings and service
enclosures are grounded

(3) Meter disconnect switches nominally rated not in excess
of 600 volts that have a short-circuit current rating equal
to or greater than the available short circuit current,
provided all metal housings and service enclosures are
grounded

(5) Taps used only to supply load management devices,
circuits for standby power systems, fire pump equip-
ment, and fire and sprinkler alarms, if provided with
service equipment and installed in accordance with re-
quirements for service-entrance conductors

(6) Solar photovoltaic systems, fuel cell systems, or inter-
connected electric power production sources

VII. Service Equipment — Overcurrent Protection

230.90 Where Required. Each ungrounded service con-
ductor shall have overload protection.

(A) Ungrounded Conductor. Such protection shall be pro-
vided by an overcurrent device in series with each un-
grounded service conductor that has a rating or setting not
higher than the allowable ampacity of the conductor. A set
of fuses shall be considered all the fuses required to protect
all the ungrounded conductors of a circuit. Single-pole circuit
breakers, grouped in accordance with 230.71(B), shall be
considered as one protective device.

Exception No. 1: For motor-starting currents, ratings that
conform with 430.52, 430.62, and 430.63 in the NEC shall
be permitted.

Exception No. 2: Fuses and circuit breakers with a rating
or setting that conforms with 240.4(B) or (C) and 240.6 in
the NEC shall be permitted.

Exception No. 3: Two to six circuit breakers or sets of fuses
shall be permitted as the overcurrent device to provide the
overload protection. The sum of the ratings of the circuit
breakers or fuses shall be permitted to exceed the ampacity
of the service conductors, provided the calculated load does
not exceed the ampacity of the service conductors.

Exception No. 5: Overload protection for 120/240-volt, 3-
wire, single-phase dwelling services shall be permitted in
accordance with the requirements of 310.15(B)(6).

(B) Not in Grounded Conductor. No overcurrent device
shall be inserted in a grounded service conductor except a
circuit breaker that simultaneously opens all conductors of
the circuit.
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