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One- and Two-Family Dwelling Electrical Systems has been developed for those involved 
in design, installation, or inspection of electrical systems in new and existing dwellings. 
�is tenth edition covers the subject in detail and provides information relative to ap-
plication of not only the 2017 National Electrical Code, but also Part VIII of the 2018 
International Residential Code. Every effort has been made to update the references and 
material in this book to be consistent with those code editions. L. Keith Lofland was 
the principal contributor to this tenth edition as well as the previous three editions.

IAEI acknowledges the contributions of Joseph A. Tedesco and J. Philip Simmons 
in the original code development and authoring of this publication in 1992, based on 
the 1990 edition of the NEC. Ed Lawry and Simmons were involved as authors and 
contributors in the second edition; Simmons, in the third and fourth editions. �e 
fifth and sixth editions were developed from contributions of Michael J. Johnston, 
�omas Garvey, and L. Keith Lofland. As with any lasting and valuable publication, 
each edition has been improved and grown through the contributions of many dedi-
cated individuals. IAEI intends that this publication live on as a classic textbook of 
residential electrical systems, with each new edition being updated and improved in 
each subsequent code cycle. �is edition carries on these objectives and is certain to 
continue to be a valuable training and instructional resource about electrical instal-
lations in residential occupancies.

Who will find this publication to be a valuable asset?  No doubt, the entire electri-
cal and building inspection community—electrical contractors, electricians, foremen, 
estimators, plans examiners, electrical utilities, and others—will appreciate this handy 
guidebook. �is textbook should be especially valuable to combination inspectors or 
home inspectors who might not have the hands-on electrical experience as an installer 
that electrical inspectors typically possess.

Please feel free to contact IAEI with any suggestions or comments for improving One- 
and Two-Family Dwelling Electrical Systems, as your comments are always welcomed.

—International Association of Electrical Inspectors

Preface
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Residential wiring is undoubtedly the most 
common and abundant type of electrical 
installation in the world. Residential oc-

cupancies are where people live, where families 
are raised, and where people sleep. Safe electrical 
installations are just as important in residential 
occupancies as they are in any other type of oc-
cupancy. 

Safe electrical installations require several key 
components: design, listing requirements, qualified 
personnel, code compliance, and inspection. In fact, 
there are more specific requirements for one- and 
two-family dwellings than for any other type of 
occupancy referenced in NFPA 70 National Elec-
trical Code (NEC). Anyone who designs, installs, or 
inspects electrical systems in one- and two-family 
dwellings must be thoroughly familiar with these 
requirements for safe installations, as found in 
electrical codes and product safety standards. 
�ese codes and standards must be followed care-
fully to provide an installation that is essentially 
free from electrical hazards. It is important that 
qualified persons perform the installation. A qual-
ified person has the necessary skills, knowledge, 
and experience needed to ensure a safe installa-
tion. It is equally important that the installation 
be inspected. �e inspectors are obligated to ver-
ify that applicable code rules have been followed. 
Knowledge of the electrical code is not an option, 
but a necessity in residential wiring.

�is book focuses on the requirements for elec-
trical installations based on the electrical code and 
includes information relative to making proper 
electrical inspections of residential wiring systems. 
�e scope of this book covers one- and two-family 
dwelling electrical systems from the perspective of 
both the installer and inspector.

Structural requirements for one- and two-fam-
ily dwellings are provided in the applicable build-
ing code and must be used in addition to the rules 
in the applicable electrical code. For example, 
NFPA 5000, �e Building Construction and Safety 
Code, 2018 edition, provides structural require-
ments for one- and two-family dwellings and, in 
Chapter 52, refers specifically to the NEC for all 

electrical requirements (see 52.1). �e 2018 Inter-
national Residential Code (IRC) includes electrical 
requirements in Part VIII, which is based on the 
provisions of the 2017 NEC. �e building code 
generally refers to the requirements found in the 
NEC for all electrical requirements. One should 
verify which code is adopted and enforced in his 
or her particular area.

Electrical requirements for one- and two-family 
dwellings are found in the NEC 2017. �ere are 
also electrical requirements found in Part VIII of 
the IRC, 2018 edition. Ten chapters in Part VIII 
of the IRC (Chapters 34 through 43) are dedi-
cated to electrical code requirements, which are 
derived from the NEC and, for the most part, are 
very similar. However, there are a few differences. 

�e IRC is limited to coverage of the most com-
monly encountered wiring methods and materials 
in the construction of one- and two-family dwell-
ings. IRC Section E3401.2 includes the scope and 
limitations of the IRC. Electrical services for one- 
and two-family dwellings within the scope of the 
IRC are limited to those rated at 120/240 volts, 
single-phase, and not exceeding 400 amperes. Any 
services beyond those ratings will fall under the 
requirements of the NEC. Many of the rules in-
cluded in the IRC are provided in tabular form, 
such as applicable wiring methods, and support 
requirements for the applied wiring methods. 
Electrical systems, equipment, or components 
that are not specifically covered in Chapters 34 
through 43 of the IRC are required to comply with 
the applicable provisions of the National Electrical 
Code (see IRC E3401.2). 

At the beginning of Part VIII of the IRC, one 
will find a note to the IRC user. �is note states that 
Chapter 34 (IRC) contains broadly applicable re-
quirements, including provisions for the protection 
of the structural elements of a building, inspection 
of work, general installation, and conductor identi-
fication. Chapter 34 (IRC) requires that all electrical 
system components be listed and labeled by an ap-
proved agency. �e electrical provisions of the IRC 
are identical to the intent of the NEC provisions ex-
cept that the IRC requires that all electrical system 
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components be listed and labeled. �e IRC does not 
contain unique electrical requirements. A dwelling 
built to Part VIII of the IRC will have electrical sys-
tems identical to those required by the respective 
edition of the NEC. �e IRC addresses only those 
electrical systems that are common to dwelling con-
struction, and the NEC is referenced for any subject 
not addressed in the IRC.

Most jurisdictions responsible for building safe-
ty and enforcement are adopting the NEC. Some 
jurisdictions are adopting the latest edition of the 
IRC as the governing code for one- and two-fam-
ily residential dwelling electrical systems and 
installations. Many jurisdictions adopt the IRC 
without the electrical requirements (found in IRC 
Part VIII), and refer to the requirements of the 
NEC. Other jurisdictions adopt another building 
code and use the NEC for the electrical require-
ments. Consequently, the majority of electrical in-
stallations today are made in accordance with the 
applicable requirements of the NEC.

In an effort to be thorough in dealing with a 
common concern for electrical safety, this book 
includes information from both codes. Because 
the provisions of the IRC are primarily derived 
from the dwelling unit requirements of the NEC, 
the general information on what is required is 
the same. �erefore, the text explains the re-
quirements generally, and refers the reader to 
the appropriate section of the applicable code 
for the specific rules. It should be emphasized 

once again that the electrical provisions of the 
IRC have been derived from the NEC by permis-
sion of the National Fire Protection Association, 
which produced and copyrighted Part VIII of 
the IRC (see Chapter 34 of the IRC 2018 edi-
tion). Handy cross references between the IRC 
and the NEC are included in Appendix A. For 
metric conversions, this publication uses metric 
units of measurement in accordance with the 
modernized metric system known as the Inter-
national System of Units (SI) as provided in the 
NEC as specified by 90.9, which differ from the 
conversions used by the IRC. SI units will appear 
first, and inch–pound units will immediately fol-
low in parentheses. Conversion from inch-pound 
units to SI units shall be based on hard conver-
sion except as provided in NEC 90.9(C).

The Purpose of the Code
Electricity is a powerful force. When under con-
trol, electricity, like fire, is a dependable servant 
and performs endless tasks. When uncontrolled, 
both electricity and fire become terrible villains 
that can harm people and their property.

�erefore, one of the primary purposes of the 
electrical code is electrical safety. An essential as-
pect of any safe wiring installation is conformity 
to the electrical code. Usually, local safety regula-
tions in the form of a municipal ordinance or state 
law are based on the latest edition of the electrical 
code. �e primary purpose of the NEC, as outlined 
in 90.1, is “the practical safeguarding of persons 
and property from hazards arising from the use of 
electricity.” While installing electrical equipment in 
compliance with the Code does not guarantee the 
system will be free from risk or electrical hazard, 
doing so reduces the likelihood of fires from elec-
trical origin. Fire and electric shock hazards, often 
present in premises wiring systems, are minimized 
by proper installation and use.

Another key element in providing a safe elec-
trical installation is to follow manufacturers’ in-
structions and fully comply with any limitations 
placed on the installation or use of the equipment. 

Photo 1.1. Typical dwelling unit at the electrical rough-in 
wiring stage
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Figure 1.1. Purpose of the Code

In many cases, these instructions accom-
pany the product and give requirements, 
such as temperature rating of supply 
conductors, minimum circuit size, the 
maximum rating of overcurrent protec-
tion or grounding, or bonding needs. 
Compliance with these instructions is 
required by the Code and product stan-
dards.

�e NEC is intended to apply to prem-
ises wiring systems. Other codes govern 
the installation of the utility transmis-
sion, distribution and supply systems. A 
premises wiring system comprises interi-
or and exterior wiring, including outside 
branch circuits and feeders installed on or between 
buildings used for power that supplies energy to 
motors, lighting, control, and signal circuit wiring 
that are combined or used with any hardware, fit-
tings, and wiring devices that may be either tem-
porarily or permanently installed. �e premises 
wiring system typically begins at the service point 
at the load end of the service drop (drip loop) or 
load end of the underground service lateral and 
ends at the branch circuit outlet(s).

Electrical Codes and Inspection
In many areas, electrical inspection services are 
provided to determine conformance with the Code 
and other applicable safety regulations and building 
codes. In most cases, these inspections are required 
by state, county, or municipal laws or ordinances. 
�ese jurisdictions adopt an electrical code, which 
then becomes a legally enforceable document. It is 
also somewhat common that these inspection agen-
cies produce and adopt local electrical installation 
requirements that supplement or amend the NEC 
for their jurisdiction. It is important that the install-
er contact the local inspection jurisdiction before 
beginning an electrical installation or modification 
to determine which edition has been adopted and 
to obtain a copy of local wiring rules, if any.

An electrical installation permit is usually required 
where an inspection program is in place. It is com-

monly required that the permit, which must be ob-
tained prior to beginning the installation, be posted 
in a visible location on the project.

Inspections Required
Several inspections are typically required during the 
course of construction. Most jurisdictions require an 
electrical inspection prior to covering or “closing in” 
any work. �e IRC includes a section on inspection 
and approvals, which requires all new electrical work 
and parts of existing electrical systems that may be 
affected by new work or alterations to be inspected 
by the building official, often the building inspector 
or electrical inspector, to ensure compliance with 
the applicable electrical code.

Electrical inspections to determine code-compli-
ance are commonly performed at three critical stages 
of construction. �ese three stages of completion of 
the project are referred to as the rough-in, service, and 
final inspections. Checklists and cross-references will 
provide the reader additional information relative to 
what is intended by the Code for the various aspects 
of one- and two-family dwelling electrical systems. 
Rough-in inspection is performed after all feeder and 
branch-circuit wiring, including boxes and cables, is 
installed and before building finish conceals any of 
the wiring. Conductors have been spliced inside of 
boxes and enclosures. �e required provisions for 
grounding devices and equipment are in place. �e 
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wiring should not be energized at this point because 
the inspector will be examining the exposed wiring 
inside of boxes and enclosures. Installation of the 
electrical service, including grounding and bonding, 
is inspected and must be approved before most elec-
trical utilities will connect power to the service. Final 
inspection is performed after all wiring is complete, 
including wiring devices, and after luminaires, heat-
ing and air-conditioning equipment, and appliances 
are installed and connected. Some inspection agen-
cies issue a certificate of final inspection or an occu-
pancy permit before the building or the space being 
added or remodeled can be used.

In an area where an electrical licensing and inspec-
tion service is not required or available, other safe-
guards may be available. For both installer and inde-
pendent electrical inspector, the owner should insist 
on seeing documentation that they are qualified to 
perform the electrical installation and inspection. �is 
may be in the form of a registration by a controlling 
agency, such as an electric utility, by passing one or 
more certification examinations, or by training and 
experience. �e installer and private inspection firm 
should also be bonded and insured. Insist on docu-
mentation in writing from the installer and inspector 
that the installation is compliant with the applicable 
electrical code. �is is an extremely important and 
required element of our electrical safety system. Four 
critical components of the electrical safety system are: 
(1) quality electrical safety codes and standards; (2) 
qualified electrical testing laboratories; (3) qualified 
and competent electrical inspectors; and (4) qualified 
persons performing the installation.

Approval Factors for the 
Authority Having Jurisdiction 
�e authority having jurisdiction (AHJ) has the 
responsibility to enforce the Code as well as to in-
terpret and apply its requirements to the electrical 
installation under consideration. As mentioned 
previously, local laws or ordinances set out the re-
quirements for electrical wiring.

An AHJ also has the responsibility for approv-
ing electrical equipment that will be used in the 

electrical installation. �e Code specifies, “�e 
conductors and equipment required or permitted 
by this Code shall be acceptable only if approved” 
[NEC 110.2 or IRC E3403.1]. Approved is defined 
as “acceptable to the authority having jurisdiction.” 
�us, the electrical inspection authority has the 
responsibility of determining which equipment 
is acceptable for the electrical project. �e AHJ 
may be the building official, an organization, or an 
electrical inspector. Authority having jurisdiction is 
defined in the NEC as “An organization, office, or 
individual responsible for enforcing the require-
ments of a code or standard, or for approving 
equipment, materials, an installation, or a proce-
dure.” IRC R104.1 generally designates the build-
ing official as the authority having jurisdiction.

�e term authority having jurisdiction is broad 
in scope, because jurisdictions and approval agen-
cies vary, as do their responsibilities. Where public 
safety is primary, the entity with this responsibil-
ity 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 offi-
cial; electrical inspector; or others having statutory 
authority. For insurance purposes, an insurance 
inspection department, rating bureau, or other 
insurance company representative may be the 
AHJ. In some circumstances, the property owner 
or his or her designated agent assumes the role of 
the AHJ; at government installations, the com-
manding officer or departmental official may be 
the AHJ.

Listed or Labeled Equipment
Many electrical inspection authorities rely heavily 
on labeling of equipment under the program of 
a qualified electrical products testing laboratory. 
Some jurisdictions operate under a law or ordi-
nance where it is required that only listed and 
labeled equipment be used in a project. Other ju-
risdictions require listing or labeling only where 
such requirements are contained in the Code for a 
specific product.
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Figure 1.2. Authority having jurisdiction for approvals of conductors, 
equipment, and electrical installations

Equipment used in electrical installations 
should be listed or labeled by a qualified third-par-
ty electrical products testing laboratory. �e Code 
requires electrical installations and equipment to 
be approved [NEC 110.2 or IRC E3403.1]. In-
spectors are required to approve installations and 
generally base the approvals on the use of listed 
products.

�e IRC has a mandatory requirement that all 
electrical materials, components, devices, lumi-
naires, and equipment be listed [IRC E3403.3]. 
Equipment is also required to bear a listing label 
and to be installed, used, or both, in accordance 
with any instructions from the manufacturer. 
Product examination should be performed by a 
third-party, independent, and qualified testing or-
ganization having the facilities, testing equipment, 
and qualified staff to perform these examinations. 
�is organization should also perform ongoing 
inspection of the production of this electrical 
equipment. �e primary role of the inspector is to 
ensure that the listed product is installed in ac-
cordance with the manner the product has been 
tested to be installed and used. �e NEC provides 
additional guidance, in that factory-installed in-
ternal wiring or the construction of equipment 
that is listed by a qualified electrical products test-
ing laboratory need not be inspected at the time of 

installation, except to detect alterations 
or damage [NEC 90.7].

Installation and Use
Listed or labeled equipment shall be 
installed and used in accordance with 
any instructions included in the listing 
or labeling and supplied by the manu-
facturer. It is important to apply these 
instructions properly in the field. Just 
because a device or a unit of electrical 
equipment is listed does not mean the 
installation of the equipment is accept-
able. �e product must be installed and 
used within the limitations of the listing. 

For example, if an electrical enclosure is limited to 
dry locations only, then it cannot be installed in a 
damp or wet location. �is would be a violation 
of the Code; in addition, it would violate a listing 
requirement [NEC 110.3(B) and IRC E3403.3].

�ese Code sections provide important require-
ments that should be carefully followed. Another 
example directly related to dwellings is recessed 
incandescent luminaires that are manufactured 
in a variety of styles. Some of these luminaires 
are suitable for embedding in thermal insulation, 
while others are not. In addition, manufacturers’ 
instructions are specific as to which trims are per-
mitted to be installed on which rough-in housing. 
All these markings and instructions must be fol-
lowed to ensure a safe installation.

Product testing, evaluation, and listing (product 
certification) must be performed by recognized 
qualified electrical testing laboratories and installed 
in accordance with applicable product standards 
recognized as achieving equivalent and effective 
safety for equipment installed to comply with the 
Code. �e Occupational Safety and Health Ad-
ministration (OSHA) recognizes qualified elec-
trical testing laboratories that perform evaluations, 
testing, and certification of certain products to en-
sure that they meet the requirements of both the 
construction and general industry OSHA electri-
cal standards [NEC 110.3(C)].
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Many inspectors understand these listing in-
stallation instructions and incorporate the Guide 
Card information from the Underwriters Lab-
oratories Electrical Construction Equipment Di-
rectory (UL Product Spec material) and similar 
directories into the requirements of the Code. 

Photo 1.2. Typical listing marks and labels on electrical 
equipment

Figure 1.3. Listing marks and labels on electrical equipment

Others feel the information from these 
directories supplements the require-
ments of the Code and is enforced where 
applicable. �ese product requirements 
provide conditions for safe installation 
of equipment that make compliance 
necessary. �e means for identifying 
listed equipment may vary for each 
organization concerned with product 
evaluation, some of which do not recog-
nize equipment as listed unless it is also 
labeled. �e AHJ should use the system 
employed by the listing organization to 
identify a listed product.

ualified Persons
Electrical wiring and equipment should be in-
stalled by competent, qualified, and knowledge-
able individuals. An improper installation will 
increase the risk of fire and injury. However, the 
best-designed and manufactured electrical prod-
ucts can be installed improperly and become an 
electrical hazard. Good intentions are not always 
enough. Qualified and experienced individuals 
select equipment that is designed for the use and 
environment and install circuits that are suitable 
for the load to be carried by the equipment.

�e definition of qualif ied person is found in 
NEC Article 100 and Chapter 35 of the IRC: 
“One who has skills and knowledge related to 
the construction and operation of the electrical 
equipment and installations and has received 
safety training to recognize and avoid the hazards 
involved.” Many areas where electrical inspection 
programs are in place require that those persons 
installing electrical equipment demonstrate their 
qualifications or credentials to do so by passing 
an examination. Often, one must show evidence 
of completing training in an apprenticeship or 
vocational training program before the person is 
permitted to take an examination. After he or she 
passes an examination, it is common that electri-
cians and/or electrical contractors are licensed by 
these inspection jurisdictions or by a state agen-
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cy. Licenses usually must be renewed on a regular 
basis, most often from one to three years. Where 
licensing requirements are in place, continuing 
education to maintain one’s knowledge and skills 
in the trade is very common.

Where improper types of equipment or mate-
rials are installed, or where proper equipment or 
materials are not installed in accordance with the 
manufacturer’s instructions, electricity can be-
come a serious threat that may lead to a severe 
hazard to life and property.

It also becomes a threat when electrical equip-
ment or material is handled by those who are un-
familiar with its installation or who are not prop-
erly trained. �e Code gives guidance on the type 
of safety training that qualifies individuals to plan 
and perform the basic tasks that sometimes nec-
essarily involve energized equipment. NFPA 70E, 
Standard for Electrical Safety in the Workplace, serves 
as the foundation for safety training requirements 
and safe work practices. One cannot learn design 
specification, installation, or inspection just from 
reading the Code. �e Code is not intended as a de-
sign specification or training manual. �ere is no 
substitute for the experience gained while working 
as an electrician, designer, inspector, or engineer.

Mechanical Execution of Work
In spite of all the rules and regulations governing 
the design, manufacture, testing, and installation 
of electrical equipment, much of the responsibili-
ty for a safe and adequate installation depends on 
the integrity of the installer and proper electrical 
inspection. �e old truism, “If it’s worth doing, it’s 
worth doing right,” certainly applies to electrical 
wiring and inspection. In the final analysis, much 
of the success or failure of an installation depends 
upon the pride taken by both the installer and the 
inspector, and their commitment to making a safe 
and code-compliant installation.

Neat and Workmanlike
�e NEC requires that electrical equipment “be 

installed in a neat and workmanlike manner.” De-
termining that an electrical installation has been 
installed in a neat and workmanlike manner is 
subjective. However, it can be said that usually 
“Good work looks good.” Inspectors know that 
where they find equipment, like conduit and 
boxes, not installed plumb, or cables twisted and 
installed in a random and careless manner, other 
parts of the installation are likely to be deficient 
as well [NEC 110.12].

Equipment is defined by the Code as, “A general 
term including fittings, devices, appliances, lumi-
naires, apparatus, machinery, and the like used as 
part of, or in connection with, an electrical instal-
lation.” �us, the requirement that equipment be 
installed in a neat and workmanlike manner is 
broad and intended to be applicable to the entire 
electrical installation.

Here are ten basic steps that exemplify good 
mechanical execution of electrical work:

1. Unused openings in outlet, device, pull 
and junction boxes, conduit bodies and fit-
tings, raceways, auxiliary gutters, cabinets, 
equipment cases, or housings are effective-
ly closed with knockout seals or other ma-
terials that provide substantial protection 
that is equivalent to that of the wall of a 
box or piece of equipment.

2. Conductor insulation is not damaged and 
wires are not nicked or damaged at termi-
nations. Care is exercised and proper tools 
are used when the insulation is stripped.

3. Cable assemblies are not kinked or exces-
sively bent sharper than the permitted radi-
us. Bends in cable assemblies do not have a 
radius that is less than five times the diam-
eter of the cable.

4. Staples used to secure cable assemblies are 
not driven too tightly. In some cases, in-
sulated types of staples may provide better 
protection against damage.

5. All terminations are made in accordance 
with the manufacturer’s instructions pro-
vided on the equipment. Screws that engage 
fewer than two threads and the screws used 
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to mount devices are not used to terminate 
conductors.

6. Proper tools were used to end raceways. �e 
scorch and burn marks on nonmetallic con-
duit are evidence of overheating and may 
indicate permanent damage was done to the 
conduit.

7. Exposed wiring and equipment were pro-
tected from contamination during con-
struction. All equipment was cleaned both 
inside and outside before it was energized.

8. Connections of all metal sheathing of elec-
trical cables, raceways, and equipment are 
made up wrenchtight. �is helps to ensure 
an effective fault-current path.

9. Insulation integrity for all wiring was veri-
fied. �is was done to be sure that the sys-
tem will not suffer from short circuits or 
ground faults when energized.

10. Protection against physical damage is 
provided for exposed electrical wiring 
and equipment. �e potential use of the 

area after construction has been com-
pleted and the premises occupied was 
considered in making this judgment. 

Ohm’s Law and Basic Electrical 
Theory
Electrical current flowing through any electrical 
circuit can be compared with water under pres-
sure flowing through a fire hose. Water flowing 
through a fire hose is measured in gallons per 
minute (GPM), and electricity flowing through a 
circuit is measured in amperes (A).

Water flows through a hose when pressure is 
exerted upon it and a valve is opened. Water pres-
sure is measured in pounds per square inch (psi). 
An electrical current flows along an electrical 
conductor when electrical pressure is applied to 
it and a path is provided for the current flow. Just 
as the pounds per square inch (pressure) cause 
gallons per minute to flow, so the volts (pres-
sure) cause amperes (current) to flow. It takes 
more pressure to force the same amount of water 
through a small hose than through a larger hose. 
A small hose, with the same pressure applied to 
it in comparison to a larger hose, will pass much 
less water in a given period. It therefore follows 
that the small hose offers a greater resistance to 
the flow of water.

In an electric circuit, a greater electrical pres-
sure (volts) will force a given amount of current 
(amperes) through a small conductor (resistance) 
than that required to force the same amount of 
current (amperes) through a larger conductor 
(resistance). A smaller-sized conductor will allow 
less current (amperes) to pass than a larger-sized 
conductor will if the same electrical pressure 
(volts) is applied to each conductor for the same 
period. �e smaller conductor can only be as-
sumed to offer greater resistance (ohms) than the 
larger conductor. �us, we may define resistance 
as the “property of a body that resists or limits 
the flow of electricity through it.” Resistance is 
measured in ohms—a term similar to friction in 
a hose or pipe.

Photo 1.3. Residential branch circuits and feeders installed 
at panelboards in a neat and workmanlike manner
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Theory Terms and Definitions
�e following definitions relate to basic electri-
cal theory. It is important that installers and in-
spectors have a working knowledge of electrical 
theory. Such knowledge is often vital in deter-
mining proper size of conductors for circuits of 
various loads.

Volt — the unit of electrical pressure — is the 
pressure required to force one ampere through 
a resistance of one ohm; abbreviated as “E,” the 
first letter of the term electromotive force.

Ampere is the unit of electrical current that will 
flow through one ohm under a pressure of one 
volt in one second; abbreviated as “I,” the first 
letter of the term intensity of current.

Ohm — the unit of electrical resistance — is 
the resistance through which one volt will force 
one ampere; abbreviated as “R,” the first letter of 
the term resistance.

Watts is the unit of measurement of the energy 
flowing in an electrical circuit at any given mo-
ment. It is also the amount of work being per-
formed in the electrical circuit. �e terms watts 
or kilowatt have been used more commonly to 
express the amount of work done in the electri-
cal circuit rather than the term joule. Watts is the 
product of multiplying volts and amperes and 
is sometimes referred to as volt-amperes. One 
thousand volt-amperes are referred to as one ki-
lovolt-ampere or one kVA.

Ohm’s Law
George Simon Ohm discovered the relationship 
between current, voltage, and resistance in an 
electric circuit in 1826. He found, by experiment, 
that pressure equaled the product of current and 
resistance; this relationship is referred to as Ohm’s 
law. �is law is the practical basis on which most 
electrical calculations are determined. �e formula 
may be expressed in various forms and by its use, 
as in the three examples shown in figure 1.5.

If any two values are known, the third can be 
found by use of the formula. For example, if the 
resistance and the voltage are known, the current 

can be determined by dividing the voltage by the 
resistance. �is can be valuable in determining 
the amount of current that will flow in the circuit 
to properly size conductors as well as overcurrent 
devices.

Horsepower. Mechanical power is usually 
expressed in horsepower and electrical power 
in watts. �e term horsepower originated as the 
amount of work a strong London draught (draft) 
horse could do during a short interval. It was also 
used to measure output of steam engines. One 
horsepower, abbreviated as “hp,” equals the work 
required to lift 33,000 pounds one foot (33,000 
foot-pounds) in one minute. �is is the same as 
lifting 550 pounds one foot in one second.

Often it is necessary to convert power from one 
unit to the other, and the equation in figure 1.6 
is used to change horsepower to watts or watts to 
horsepower.

�e hp formula applies to laboratory condi-
tions as motors consume more power than they 
deliver. �is is due to power being consumed as 
heat in the motor to overcome bearing friction, 
wind resistance, and other factors. For example, 
a motor of 1 hp (746 watts) may consume nearly 
1,000 watts, the difference being consumed in 
overcoming the factors already stated. �e factor 
of motor efficiency must be considered to deter-
mine the true power for single-phase motors.

Watts Wheel
�e Watts wheel has been developed and published 
in many manuals and in several variations to illustrate 
watts or power and its relationship to the elements of 
Ohm’s law. As shown in this text, it is accurate for dc 
circuits and for resistive loads of ac circuits where the 
power factor is near 100 percent or unity (see fig-
ure 1.4). Do not attempt to use it for motor loads, 
as both power factor and motor efficiency must be 
factored into the formula (see figure 1.6).

In ac circuits, we use the term impedance rather 
than ohms to represent resistance of the circuit. 
Impedance is the total opposition to current flow 
in an ac circuit; it is measured in ohms. Imped-
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ance includes resistance, capacitive reactance, 
and inductive reactance. �e last two factors are 
unique to ac circuits and can usually be ignored 
in circuits such as incandescent lighting loads 
and heater circuits consisting of resistive loads. A 
detailed explanation of capacitive reactance and 
inductive reactance is beyond the scope of this 
text but can be found in many excellent texts on 
electrical theory.

Definitions and Trade 
Terminology
�e NEC and IRC both include some unique defi-
nitions that must be clearly understood in order for 
one to apply the rules, install, and inspect electrical 
systems and equipment. Each chapter throughout 
this publication will address applicable definitions 
found in Article 100 of the NEC or Chapter 35 
of the IRC. Some definitions apply to all electri-
cal installations, and others apply only to specific 
portions of the electrical installation. For example, 
the definitions specific to swimming pools can be 
found in Article 680 of the NEC or Chapter 42 of 
the IRC. Let’s take a closer look at the following 
definitions of general terms in the Code.

Labeled. “Equipment or materials to which has 
been attached a label, symbol, or other identify-
ing mark of an organization that is acceptable to 
the authority having jurisdiction and concerned 
with product evaluation, that maintains periodic 
inspection of production of labeled equipment or 
materials, and by whose labeling the manufacturer 
indicates compliance with appropriate standards 
or performance in a specified manner.”

Listed. “Equipment, materials, or services in-
cluded in a list published by an organization that is 
acceptable to the authority having jurisdiction and 
concerned with evaluation of products or services, 
that maintains periodic inspection of production of 
listed equipment or materials or periodic evaluation 
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.” 

Figure 1.5. Ohm’s law basic examples and application

Figure 1.6. Basic power factor and hp formulas

Figure 1.4. Watts wheel and Ohm’s law

3.5981 in
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Identified (as applied to equipment) 
“Recognizable as suitable for the specific 
purpose, function, use, environment, ap-
plication, and so forth, where described 
in a particular Code requirement.”

Equipment. “A general term including 
material, fittings, devices, appliances, lu-
minaires, apparatus, machinery, and the 
like used as a part of, or in connection 
with, an electrical installation.” 

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

Appliance. “Utilization equipment, general-
ly other than industrial, that is normally built in 
standardized sizes or types and is installed or con-
nected as a unit to perform one or more functions 
such as clothes washing, air conditioning, food 
mixing, deep frying, and so forth.”

Branch-Circuit Overcurrent Protective Device. 
“A device capable of providing protection for ser-
vice, feeder, and branch circuits and equipment 
over the full range of overcurrents between its 
rated current and its interrupting rating. Such de-
vices are provided with interrupting ratings appro-
priate for the intended use but no less than 5,000 
amperes.”

Device. “A unit of an electrical system, other 
than a conductor, that carries or controls electric 
energy as its principal function.”

Fitting. “An accessory such as a locknut, bush-
ing, or other part of a wiring system that is intend-
ed primarily to perform a mechanical rather than 
an electrical function.”

Luminaire. “A complete lighting unit consisting 
of a light source such as a lamp or lamps, togeth-
er with the parts designed to position the light 
source and connect it to the power supply. It may 
also include parts to protect the light source or the 
ballast or to distribute the light. A lampholder it-

self is not a luminaire.”
Outlet. “A point on the wiring system at which 

current is taken to supply utilization equipment.” 
Lighting Outlet. “An outlet intended for the di-

rect connection of a lampholder or luminaire.”
Receptacle. “A contact device installed at the 

outlet for the connection of an attachment plug, 
or for the direct connection of electrical utilization 
equipment designed to mate with the correspond-
ing contact device. 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.”

Utilization Equipment. “Equipment that utiliz-
es electric energy for electronic, electromechanical, 
chemical, heating, lighting, or similar purposes.” 

[�e above definitions are from NEC Article 
100 or IRC Chapter 35.]

Equipment Suitability for the 
Purpose and Environment
One of the general requirements for electrical 
equipment is that it be suitable for the operating 
environment. Conductors or equipment located in 
damp or wet locations or where exposed to other 
agents having a deteriorating effect on the con-

Photo 1.4. Conventional receptacle (left) and a receptacle designed to 
mate with a corresponding contact device (right)

3.5981 in
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ductors or equipment must be suitable 
for the purpose.

Equipment suitable for use in dry lo-
cations only is identified as dry locations, 
Type 1, or indoor use only. �is equip-
ment must always be protected against 
permanent damage from the weather or 
adverse conditions during building con-
struction. �e types of equipment for 
protection against environmental condi-
tions can be found in NEC Table 110.28 
or IRC Table E3404.4.

For example, nonmetallic-sheathed 
(Type NM) cable is suitable for loca-
tions that are normally dry. Limited 
exposure to moisture during construction is to 
be expected. However, if the ends of the installed 
cables become saturated with moisture, the water 
will “wick” up the cable. Type NM cables exposed 
to this type of damage must be replaced.

Ordinary locations where electrical equipment 
is installed include damp, dry, and wet. It is most 
common to find general use electrical equipment 
that is suitable for either dry or wet locations. 
Some luminaires are identified for damp loca-
tions. �e applicable definitions from the Code are 
as follows:

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 canopies, mar-
quees, 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 con-
struction.”

Location, Wet. “Installations underground 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.”
Determining if a location is wet, dry, or damp 

often involves good, reasonable judgment. Inter-
pretations of damp and wet locations must be made 
where these locations meet or overlap. For example, 
a dwelling has a carport roof attached to the side of 
the building. Under the carport roof is a damp loca-
tion as is a part of the building wall. �e part of the 
building wall that is subject to direct exposure to 
rain, including windblown rain, should be classified 
as a wet location. �e determination of a damp, wet, 
or dry location is typically the responsibility of the 
AHJ using the definitions and listing and labeling 
by a third-party testing agency.

Suitability of equipment for a specific purpose, 
environment, or application is determined by a 
qualified testing laboratory, inspection agency, or 
other organization concerned with product evalu-
ation. Such identification may include labeling or 
listing of a product. �e package or box that con-
tains small products such as twist-on wire-con-
nectors or conduit fittings may be labeled in lieu 
of marking the product itself.

Outdoor Use and Enclosure 
Types
�e following helpful information is from the 
Underwriters Laboratories’ Guide Information 
for Electrical Equipment Directory 2017 (�e UL 

Photo 1.5. Definitions  tili ation equipment (luminaire) installed at a 
lighting outlet
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Product Spec material) in the section on Elec-
trical Equipment for Use in Ordinary Locations 
(AALZ). “In general, individual appliances and 
equipment have been investigated only for use in-
doors, in dry locations.” See also the information 
preceding the product category, or included in the 
individual product listing. In some cases, the title 
(e.g., snow movers, swimming pool luminaires) 
indicates the conditions for which the product has 
been investigated.

“Cord- and plug-connected appliances obvi-
ously intended for outdoor use, such as gardening 
appliances, are not intended for use in the rain, 

and should be stored indoors when not 
in use.”

Electrical equipment is required to be 
identified for use in certain operating en-
vironments that might include damp or 
wet locations, locations exposed to corro-
sive influences or excessive temperatures. 
�e Code also gives guidance regarding 
protection against corrosion where it 
states, in part, that corrosive conditions 
may be present at installations imme-
diately adjacent to a seashore or swim-
ming pool area. As an aid to inspection 
authorities, UL requires type numbers 
on power distribution enclosures such 
as cabinets and cutout boxes, enclosed 

panelboards or switchboards, meter sockets, 
enclosed circuit breakers or switches and 
other equipment. Table 1.1 summarizes the 
intended uses of the various types of enclo-
sures that would be applicable to one- and 
two-family dwelling electrical installations.

Unused Openings
�e integrity of an electrical enclosure 
must be maintained. Any unused open-
ings other than those intended for the 
operation of equipment, those intended 
for mounting purposes, or those permit-
ted as part of the design for listed equip-
ment, such as circuit-breaker openings or 

cable and raceway knockouts must be effectively 
closed to afford protection substantially equiv-
alent to the wall of the equipment. One of the 
functions of electrical enclosures is to keep arcs 
and sparks that may occur during operation of 
overcurrent devices or from a short circuit or 
ground fault within the enclosure. �is prevents 
an arc or spark from contacting a combustible 
surface outside the enclosure and starting a fire 
[NEC 110.12(A) or IRC E3404.6 and E3907.5].

Circuit breaker blank filler devices are available 
from circuit breaker panelboard manufacturers to 
fill the hole in a panelboard cover caused by re-

Photo 1.6. Receptacle installed in a wet location with a cover listed for 
a wet location

Table 1.1. Types of enclosures
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moving too many breaker knockouts 
or from using fewer or different circuit 
breaker locations during modification of 
equipment. Likewise, knockout plugs are 
manufactured in all the common con-
duit sizes for filling the unused knockout 
hole(s) left in panelboard, wireway, junc-
tion box, or similar enclosures. Duct tape 
or other inferior methods are not accept-
able for this purpose. �ere are similar re-
quirements for closing unused openings 
in junction and pull boxes and conduit 
bodies [NEC 408.7 or IRC E3907.5].

Integrity of Electrical 
Equipment and 
Connections
�e integrity of electrical equipment is 
required to be protected from damage 
by inappropriate actions on construc-
tion sites, as well as later, as this rule also 
controls the use of damaged equipment. 
�is rule reads, “Internal parts of electri-
cal equipment, including busbars, wiring 
terminals, insulators, and other surfaces, 
shall not be damaged or contaminated 
by foreign materials such as paint, plas-
ter, cleaners, abrasives, or corrosive res-
idues. �ere 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 dete-
riorated by corrosion, chemical action, or over-
heating.” �e IRC goes further to say that foreign 
debris must be removed from equipment [NEC 
110.12(B) or IRC E3404.7].

Corrosion Protection
�e Code requires electrical equipment to be pro-
tected against corrosion. Metal raceways, auxiliary 
gutters, cable armor, boxes, cable sheathing, cabi-
nets, elbows, couplings, fittings, supports, and sup-
port hardware must be of materials that are suit-

Photo 1.7. nused opening in panelboard su ciently closed with 
listed and identified plug.

Figure 1.7. nused openings to be su ciently closed

able for the environment in which they are to be 
installed. Ferrous (magnetic) raceways, auxiliary 
gutters, cable armor, boxes, cable sheathing, cab-
inets, metal elbows, couplings, fittings, supports, 
and support hardware are required to be suitably 
protected against corrosion inside and outside by 
a coating of approved corrosion-resistant material 
such as zinc, cadmium, or enamel. Where boxes or 
cabinets have an approved system of organic coat-
ings and are marked “Raintight,” “Rainproof,” or 
“Outdoor Type,” they are permitted to be installed 
in outdoor locations [NEC 300.6 or IRC Table 
E3801.4 for wiring methods environments].
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in the metal raceway as well as where the 
metal raceway serves as the equipment 
grounding conductor [NEC 300.6(A)].

Many inspection authorities will not 
accept any conductors that show signs 
of damage. �e proper application of the 
items mentioned in this chapter and the 
importance of proper mechanical execu-
tion of electrical work should never be 
taken for granted.

Mounting of Equipment
Electrical equipment is required to be 
secured to the surface on which it is 
mounted. Wooden plugs driven into 
holes in masonry, concrete, plaster, or 
similar materials are not permitted to 
be used for this purpose, as they do not 
provide a secure support for electrical 
equipment. Proper installation and sup-
port of electrical equipment is essential 
to making a safe installation. While 
many types of anchors are available for 
securing equipment to masonry, con-
crete, plaster, and similar materials, it is 
common to install four or more wood or 
sheet metal screws to mount enclosures 
such as meter sockets and panelboards. 
Special precautions are required when 
treated lumber is used to support electri-
cal equipment and enclosures. Following 

typical recommendations such as using stainless 
steel or “triple-dipped” galvanized fasteners will 
help ensure the equipment stays securely mounted 
over time [NEC 110.13(A) or IRC E3404.8].

In damp or wet locations, surface-type enclosures 
must be mounted so as to prevent moisture or water 
from entering and accumulating within the cabinet 
or enclosure. �ese cabinets or enclosures must be 
mounted so there is at least 6-mm (1∕4-in.) airspace 
between the enclosure and the wall or other sup-
porting surface. Enclosures installed in wet locations 
are required to be weatherproof. For enclosures in 
wet locations, raceways or cables entering above the 

Photo 1.8. Unused openings in panelboard cover needs to be 
su ciently closed with identified closures (filler plates)

Figure 1.8. Maintain integrity of electrical equipment and connections

�reads at joints between metal raceways such 
as rigid or intermediate metal conduit are per-
mitted to be coated with an approved electrically 
conductive, corrosion-resistant compound. �is 
precaution must not be taken lightly, particular-
ly with threads cut in the field! Experience has 
shown that underground raceways enclosing cir-
cuit conductors that were subjected to continued 
moisture have resulted in a ground-fault condition 
where the conductors slowly deteriorated due to 
the insulation being damaged when first installed. 
Maintaining the integrity of the conduit joints is 
essential in clearing ground faults occurring with-
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Photo 1.9. Equipment is required to be securely mounted to the 
surface in a suitable manner and in a damp or wet location, provide 
at least 6-mm (1 -in.) airspace between the enclosure and the wall

Table 1.2. Typical markings for single-polarity wire connectors for 
use with all alloys of copper, aluminum, or copper-clad aluminum 
conductors, or all three, for the purpose of providing contact 
between current-carrying parts

level of uninsulated live parts (such as a 
busbar) must use fittings listed for wet lo-
cations [NEC 312.2 or IRC E3907.2].

Electrical Conductor 
(Wire) Connections
An important element of any electrical 
installation is the electrical connections 
of conductors (wires). Several import-
ant requirements for a safe installation 
where electrical conductor(s) are termi-
nated will be discussed in detail in the 
remainder of this chapter.

Conductor Material
Electrical terminations (lugs, switches, re-
ceptacles, etc.) are marked with the type 
of conductor material they have been in-
vestigated with and found acceptable for 
termination on said devices. An example 
of this can be found in the UL Product 
Spec material under the category for Wire 
Connectors (ZMVV). Wire conductors 
and connectors should be installed using 
the prescribed manufacturers’ installation 
instructions. Wire connectors or the unit 
containers are marked with the type of 
conductor material(s) the terminations 
have been identified for use with. Except as 
otherwise noted on or in the shipping car-
ton, aluminum conductors are not intended 
to be used in direct physical contact with 
copper and copper-clad aluminum conductors in 
the same connector. A wire connector for securing 
an aluminum wire in combination with a copper or 
copper-clad aluminum conductor, where physical 
contact occurs between the wires of different met-
als, is limited to dry locations only and is marked 
“AL-CU (intermixed - dry locations).”

Conductor Splices
�e Code includes minimum requirements for 

electrical connections such as splices. Conductors 
must be spliced or joined with connectors identi-
fied for the use or by brazing or welding. Soldered 
connections must be spliced or joined to be me-
chanically and electrically secure without solder 
and then soldered. All splices and joints and the 
free ends of conductors shall be covered with insu-
lation equivalent to that of the conductors or with 
an insulating device identified for the purpose. 
Wire connectors or splicing means installed and 
used on conductors for direct burial applications 
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Photo 1.10. Conductor splices are to be made with connectors 
suitable for the purpose

Figure 1.9. Splices with wire connectors listed for the purpose

are required to be listed and suitable for such use. 
Connections of conductors made of dissimilar 
metals in terminal or splicing connectors are ac-
ceptable only when the connectors are identified 
as suitable for such intermixing and only for use in 
dry locations [NEC 110.14(B) or IRC E3406.11].

Additional important information on wire con-
nectors is contained in the UL Product Spec ma-
terial under the category for Equipment for Use in 
Ordinary Locations (AALZ).

Wire Connectors 
Installation of properly sized wire connectors, 

commonly referred to in the field as 
“wirenuts,” must always be considered 
where splices between circuit conduc-
tors are made. Although the range of 
wire sizes for which a twist-on wire 
connector is suitable may be found on 
some connectors, the print is generally 
too small to read on the smaller sizes. It 
is necessary to refer to the smallest unit 
container for the connector to obtain 
information on installing the connector 
and the combination of sizes and num-
ber of conductors that are covered in the 
listing of the connector.

Common wire connectors like wire-
nuts, wing nuts, and scotchlocks have 
insulating material inherent with the 
connector that has a temperature rating 
of 90°C or more. �ese connectors can 
be used on circuit conductors with insu-
lation rated at 60°, 75°, and 90°C.

Underground Splices
�e need to make splices in un-
derground cable runs at one- and 
two-family dwellings is common. �ese 
cables are often run to supply outdoor 
lighting, receptacles, garages, carports, 
storage buildings, and well or pump 
houses. Where cables must be extended 

or repaired, proper splices must be made. Re-
quirements for these underground splices exist 
in both the Code and in Underwriters Labora-
tories’ Guide Information for Electrical Equipment 
Directory 2017 (�e UL Product Spec material) 
Product Category (ZMWQ). Also see UL Prod-
uct Standard 486D.

Wire connectors or splicing means installed 
on conductors for direct burial must be listed for 
such use. In some cases, an individual wire con-
nector is listed for connection of conductors for 
direct burial. It is critical to note that the conduc-
tors themselves must be suitable for direct earth 
burial. Conductors with Type UF or Type USE 
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insulation are typically suitable for direct 
burial in earth [NEC 110.3(B) or IRC 
E3406.11].

Type UF constructions include both 
single and multiple conductor types. 
Twist-on type connectors that are listed 
as being suitable for connecting insu-
lated, single-conductor Type UF cables 
are available. It is important to note 
that the insulation is suitable for direct 
earth burial.

Twist-on type connectors cannot be 
used for splicing multiple-conductor 
Type UF cables for direct earth burial, 
because the insulation on the individual 
conductors inside the cable is not suit-
able for direct earth burial. Obviously, the outer 
Type UF cable insulation must be removed to 
make the splice, which will expose the conductor 
insulation. A splice kit or system must be used for 
splicing these Type UF multiconductor cables. 
�ese kits or systems will often include both the 
splicing means as well as the insulating means. �e 
two common types include a heat shrink tubing or 
an epoxy mastic and form or mold to contain the 
cable, splices and mastic.

Conductor Terminals
Conductor connections at terminals must be made 
to ensure a thoroughly good connection between 
the terminal and the conductor without damag-
ing the conductor. Connections at terminals can 
be made with pressure connectors, including the 
set screw types, solder lugs, or splices to flexible 
leads. Terminals (lug-type) and terminations for 
aluminum conductors must be identified for the 
use. Unless the terminal is identified for more than 
one conductor, only one conductor per terminal is 
allowed. Rules for panelboards clearly specify that 
for grounded (neutral) conductors, there is to be 
only one conductor under a single termination, 
unless the terminal is listed for more than one. 
However, the manufacturer’s markings may indi-
cate that multiple equipment grounding conduc-

tors are permitted under the same terminal screw. 
Terminating the grounded conductor and the 
equipment grounding conductor under the same 
terminal screw is not permitted [NEC 110.14, 
408.41 or IRC E3406.8, E3406.10, E3706.4].

Temperature Limitations of 
Terminations
Electrical conductors must be terminated in such 
a manner that ampacity of the conductor is not 
exceeded. Temperature limitations of conductor 
terminations on equipment like circuit breakers, 
switches and wiring devices are an important re-
quirement of the Code. �e general rule is, “�e 
temperature rating associated 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” 
[NEC 110.14(C) and IRC E3705.4].

Information about electrical terminations and 
the temperature limitations of such terminations 
is covered in NEC 110.14, IRC 3705.4, and the 
UL Product Spec material under the category 
(AALZ) under the subheading of Distribution 
and Control Equipment Terminations. All elec-

Figure 1.10. Underground splicing means must be listed for the 
purpose and location
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ambient temperatures greater than 30°C (86°F) 
[NEC 110.14(C)(1)(b)(1) and IRC E3705.4.2].

Separately Installed Wire 
Connectors
Separately installed pressure connectors are 
required to be used with conductors at am-
pacities not exceeding the current rating at 
the listed and identified temperature rating 
of the connector. The term separately installed 
is interpreted to apply to wire connections 
made at locations such as in outlet or junction 
boxes, in metering current transformer cabi-
nets, or in wireways or auxiliary gutters. The 
temperature rating of the insulation and wire 
connector becomes the limiting factor at this 
point. It is quite common to find that twist-
on wire connectors have a temperature rating 
of 105°C. Other wire connectors, commonly 
referred to as lugs, have a temperature rating 
that is identified on the connector. Remember 
the “weakest link” rule. It is not uncommon for 
separately installed pressure connectors to have 
a temperature rating that exceeds the tempera-
ture rating of the terminals on equipment such 
as circuit breakers. In this case, the terminals 
on the circuit breaker become the limiting fac-
tor on the entire circuit, including the sepa-
rately installed connectors [NEC 110.14(C)(2) 
or IRC E3705.4.3].

Temperature Rating of Wire 
Terminals and Conductor 
Insulation Types
Manufacturers of electrical equipment may use ter-
minals that by themselves in separate enclosures are 
suitable for higher temperatures such as 75° or 90°C. 
However, when combined with other components, 
such as circuit breakers or enclosed switches, these 
terminations become a part of the equipment in 
which they are installed and are subject to the over-
all rating imposed by the manufacturer. For addi-
tional information on general temperature ratings 

trical terminations must follow these minimum 
requirements for safety at all applications, wheth-
er commercial, industrial, or residential. �e fol-
lowing information summarizes the temperature 
limitation provisions. 

�e Code includes requirements for tempera-
ture limitations at conductor terminals. A tem-
perature rating of 60°C is the minimum starting 
point for temperature ratings of terminations 
[NEC 110.14(C)(1)(a) or IRC E3705.4.1].

Unless the equipment is listed and identified 
for use with higher temperature rated conductors, 
electrical equipment rated 100 amperes or less, or 
marked for 14 AWG through 1 AWG conduc-
tors, the conductor ampacity is generally based on 
a 60°C rating even though the conductors might 
be rated for higher temperatures, such as 75°C.

If there is one “H” in the insulation designation, 
the conductor has 75°C insulation; and if there are 
two “HH” in the insulation designation, the con-
ductor has a 90°C rating.

Motors designed to NEMA standards are eval-
uated based upon the 75°C (167°F) ampacity rat-
ing of conductors, even for equipment rated 100 
amperes or less. However, to use this provision, all 
the terminations for the same conductor must be 
rated for 75°C, or the lower-rated 60°C ampacity 
must be used.

Conductors rated lower than the equipment’s de-
signed use can cause obvious overheating problems.

An additional modification of this general re-
quirement for 75°C terminations is also provided. 
�is is identical in concept to the additional provi-
sions for 60°C conductor terminations.

For equipment rated over 100 amperes or 
marked for conductors larger than 1 AWG, the 
conductor ampacity is based on a 75°C rating even 
though conductors might be rated for a higher 
temperature, such as 90°C. Conductors with in-
sulation ratings higher than required or allowed 
for termination purposes are permitted for the 
purpose of applying correction factors, such as for 
conditions where more than three current-carry-
ing conductors are installed in a raceway or cable 
or where the conductors are installed through 
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at terminals of electrical equipment, see Table 1.3.
�e Code requires electrical conductor insu-

lation to be suitable for the application [NEC 
310.104, 310.106, and IRC E3406.5]. Insulated 
conductors used in wet locations are required to 
be Types RHW, TW, THW, THHW, THWN, 
and XHHW. It should be noted that each of these 
conductor types includes the letter “W,” which 
indicates that they are identified for use in a wet 
location. “R” indicates rubber; “T” indicates ther-
moplastic; “H” represents a 15°C increase over 
60°C (75°C insulation); and “HH” represents a 
30°C increase over 60°C (90°C insulation). “N” 
indicates that the conductor has an outer nylon 
jacket or equivalent covering (see Table 1.3 for ad-
ditional information).

A wet location is defined under the definition of 
location in NEC Article 100 or IRC Chapter 35 as 
follows: “Installations underground or in concrete 
slabs or masonry in direct contact with the earth; 
and locations subject to saturation with water or 
other liquids, such as vehicle washing areas; and in 
unprotected locations exposed to weather.”

Where ungrounded (hot) conductors are in-
stalled for branch circuits or feeders at one- and 
two-family dwelling units, they are required to 
be insulated with material of composition and 
thickness that is recognized by the Code as elec-
trical insulation (see the NEC or IRC definition of 

conductor). Conductors must not only be suitable 
for use in wet locations but, in addition, where 
exposed to the direct rays of the sun, they are re-
quired to be listed for sunlight resistance, or listed 
and marked “sunlight resistant.” Most manufac-
turers will include the sunlight resistant markings 
where the product is suitable for this purpose.

Conductor Terminations and 
Torque
Connection of circuit conductors at pressure 
terminal or pressure splicing devices must be 
tightened in accordance with manufacturers’ in-
structions to ensure a proper connection. �is 
connection must not be made where it will lead 
to damage of the conductor by either over-tight-
ening or under-tightening. Many terminations 
and equipment are marked with a tightening 
torque. New provisions have been added at NEC 
110.14(D) and IRC E3406.12 calling for the im-
plementation of tightening torque tools where 
torqueing is specified on the equipment or in in-
stallation instructions provided by the manufac-
turer. �e use of proper torque tools is essential 
to verify that terminations are properly made, and 
the equipment will function properly through-
out its life cycle. Without the use of the proper 

Photo 1.12. Conductor terminals for si es 1  through 1 
AWG are suitable for terminations rated at 100 amperes 
or less and temperature rating is limited to 60°C, unless 
otherwise identified. Terminals for conductors larger than 
1 AWG or terminals rated over 100 amperes in equipment 
are rated at 75°C

Photo 1.11. Terminals must be identified for the use and 
ensure a good connection of the conductor without damage 
to the conductor
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Figure 1.11. Rules for electrical connection

Table 1.3. Conductor type designations

torqueing tools, it has been shown that 
even experienced electricians cannot 
consistently tighten the connector to the 
recommended torque value.

When listed equipment is used and 
conductor terminations with specified 
torque requirements are incorporated, 
the tightening torque specified becomes 
a requirement of the Code. �e listing of 
the product requires the termination to 
comply with that torque marking. �is 
information is often overlooked during 
the installation of electrical equipment.

Some examples of the different types 
of pressure connectors available include 
the following:

1.  Set screw types 
2.  Compression terminals
3.  (crimp-type) connectors 

Soldered Connections
Solder connections are no longer com-
mon in modern electrical installations. 
�ey were used in many of the older 
knob-and-tube electrical installations. 
�e Code still includes solder provisions, but it 
is clear that the connection must be made me-
chanically first. �erefore, if a splice is soldered, 
it must first be spliced or joined so that it is me-
chanically and electrically secure without the use 
of solder and then soldered. In the case of copper 
conductors, twisting the conductor in the smaller 
sizes together will usually qualify as a mechanical 
splice. Any splice or joint as well as the free ends 
of the conductor are required to be covered with 
insulation that is equivalent to the insulation 
on the conductor, or be insulated with a device 
that is identified for the specific purpose. �is 
applies to any type of circuit conductor, except 
the grounding electrode conductor, equipment 
grounding conductors, and bare grounded neu-
tral service conductor splices in residential type 
buildings.

Equipment Marking
Instructions found on the inside cover of many 
panelboards and on other electrical equipment in-
clude information regarding proper size and type 
of conductor recognized for various terminals, and 
the proper tightening torque for the respective 
conductor. 

Remember that listed equipment includes in-
structions by the manufacturer that are within 
the listing limitations of the product. Compliance 
with these markings and instructions is not an 
option, but a requirement [NEC 110.3(B) or IRC 
E3403.3].

Aluminum Wire Terminations
To help guard against overheating and conductor 
terminal failures, the following procedure is rec-
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ommended where connecting aluminum conduc-
tors (wire).

Step 1. Strip the wire of its insulation to the de-
sired length without ringing or nicking the wire. 
Remove all coating on the wire.

Step 2. Brush the stripped portion of the con-
ductor thoroughly with a wire brush.

Step 3. �oroughly coat the stripped conductor 
with oxide-inhibiting compound. 

Step 4. Insert the conductor into the connector 
and tighten the connector screws securely. �is 
operation should result in the compound oozing 
out from between the individual strands of the 
conductor. Failure of compound to ooze out from 
between strands indicates insufficient coating.

Step 5. Wipe excess compound from the area 
adjacent to connection, because some compounds 
contain metallic particles and could reduce the 
dielectric strength of the insulating materials em-
ployed. Some compression connectors are even 
filled with an anti-oxidation agent to make faster 
and more reliable connections. Follow the man-
ufacturer’s instructions and guidelines for these 
terminations. 

 Refer to NECA/AA 104-2012, Standard for In-
stalling Aluminum Building Wire and Cable (ANSI), 
for more comprehensive and detailed information 
relative to proper termination and installation 
methods for aluminum building wire and cables.

Conductor Termination 
Compound
Conductor termination compounds are for use on 

splice and termination connections of 
aluminum, copper-clad aluminum, and 
copper conductors to retard oxidation 
at the conductor interface. �ese com-
pounds do not have a deleterious effect 
on the conductor metal, insulation, or 
equipment when used in accordance 
with the manufacturer’s installation 
instructions. Refer to the product label 
located on the smallest unit container 

for specific instructions as to the proper use of 
the compound. If further information is required, 
contact the wire manufacturer.

Ampacity of Type NM Cable
�e typical and most widely used wiring method 
at dwelling units is by far nonmetallic-sheathed 
cable (Type NM cable). �e insulated conductors 
shall be rated for 600 volts and range from sizes 
14 AWG through 2 AWG copper conductors and 
12 AWG through 2 AWG aluminum conductors. 
In addition to the insulated conductors, the cable 
shall have an insulated or bare conductor to be 
used as an equipment grounding conductor only. 
�e insulation shall be rated for 90°C (194°F). 
�e ampacity of Type NM cable is that of 60°C 
(140°F) conductors in accordance with NEC Table 
310.15(B)(16) or IRC Table E3705.1. �e overall 
covering of Type NM cable shall be flame-retar-
dant and moisture-resistant. 

Precaution needs to be exercised when install-
ing more than two Type NM cables through the 
same opening in wood framing members. When 
more than two Type NM cables containing two 
or more current-carrying conductors are installed 
through the same hole (without maintaining 
spacing) and that hole is fire- or draft-stopped 
using thermal insulation, caulk, or sealing foam, 
the allowable ampacity of each conductor is re-
quired to be adjusted in accordance with NEC 
Table 310.15(B)(3)(a), Adjustment Factors for 
More �an �ree Current-Carrying Conductors 
in a Raceway or Cable, or IRC Table E3705.3. For 
example, if six (6) 12-2 W/GR Type NM cables 

Table 1.4. General temperature ratings at terminals of electrical 
equipment
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were installed through a single fire-caulked drilled 
hole in a top plate, that would equal twelve (12) 
current-carrying conductors. According to NEC 
Table 310.15(B)(3)(a) or IRC Table E3705.3, 
those twelve (12) current-carrying conductors 
could only be loaded to 50 percent of their ampac-
ity values from NEC Table 310.15(B)(16) or IRC 
Table E3705.1. �e provisions of NEC 310.15(A)
(2), Exception ,or IRC E3701.3, Exception (two 
different ampacities), permits the higher ampacity 
to be used if higher ampacity distance is less than 
or equal to 3.0 m (10 ft) or 10 percent of the total 
circuit length. However, for adjustment factors for 
Type NM cable as described above, NEC 334.80 
or IRC E3705.4.4 indicate that NEC 310.15(A)
(2), Exception, or IRC E3701.3, Exception, does 
not apply in this application.

Also note that where more than two Type NM 

cables containing two or more current-carrying 
conductors are installed in contact with thermal 
insulation without maintaining spacing between 
cables, the allowable ampacity of each conductor 
is required to be adjusted in accordance with NEC 
Table 310.15(B)(3)(a) as well [NEC 334.80 or IRC 
E3705.4.4].

Conductor Ampacity and Using 
the Ampacity Table(s)
Ampacity is defined as “the maximum current, in 
amperes, that a conductor can carry continuously 
under the conditions of use without exceeding its 
temperature rating.” �is definition serves as the 
basis for determining the amount of current that 
a conductor can safely carry. �e ampacity tables 
of the Code [NEC Table 310.15(B)(16) and IRC 

Table 310.15(B)(16) Allowable Ampacities of Insulated Conductors Rated Up to and Including 2000 Volts, 60°C Through 
90°C (140°F Through 194°F)
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Table E3705.1] give the allowable am-
pacity a conductor is permitted to car-
ry under the conditions of use that are 
identified in the table heading. For elec-
trical installations in most typical one- 
and two-family dwellings, the allowable 
ampacity tables [NEC 310.15(B)(16) 
and IRC E3705.1] are used for branch 
circuits and feeders. Service conductors 
and the main power feeder are permit-
ted to be sized in accordance with NEC 
310.15(B)(7) or IRC E3603.1.

In some cases, the allowable ampacities 
given in these sections must be adjusted 
for, or based on, the condition(s) of use. 
Two types of ampacity correction fac-
tors are involved here: (1) correction for 
ambient temperatures and (2) correction 
adjustment, where multiple current-carry-
ing conductors are in the same raceway or 
otherwise bundled for excessive distances. 
�ese correction factors must be applied if 
those conditions are apparent in the instal-
lation. Conductor ampacity-adjustment 
rules are provided in the Code and must be 
applied [NEC 310.15(B)(2)(a) and (B)(3)
(a) or IRC E3705.2 and E3705.3].

Many different types of wiring methods 
are permitted for one- and two-family 
dwellings. Conductors are not permitted 
to be installed where operating tempera-
ture will be in excess of that designated 
for the insulation type on the conductor involved. 
Under no circumstances can conductors be associ-
ated together in such a way, with respect to type of 
circuit, the wiring method employed, or the num-
ber of conductors, that the limiting temperature of 
any conductor is exceeded. �is means that where 
conductors with different temperature ratings are 
installed in the same raceway or as bundled cable 
assemblies, the temperature rating associated with 
the conductor having the lowest temperature rating 
must be used to determine the correct ampacity. �e 
temperature rating of a conductor is the maximum 
temperature, at any location along its length, which 

Table 310.15(B)(2)(a). Ampacity temperature correction factors

Table 310.15(B)(3)(a). Adjustment factors for number of current-
carrying conductors in raceway or bundled together

the conductor can withstand over a prolonged time 
period without serious degradation. �e correction 
factors at NEC Table 310.15(B)(2)(a) provide re-
quirements for coordinating conductor sizes, types, 
allowable ampacity, ambient temperature and num-
ber of associated conductors. IRC Table E3705.2 
serves the same purpose by including the ambient 
temperature-adjustment percentage multipliers.

�e principal determinants of operating tem-
perature that must be considered are any one or 
any combination of the following conditions:

1. Ambient temperature may vary along the 
conductor length as well as vary at different times. 
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For example, conductors installed in areas such as 
an attic or on a roof are subject to high tempera-
tures. �is factor must be considered during the 
design stage of any electrical installation.

2. Heat generated internally in the conductor 
because of load current flow will have an effect 
on its operating temperature. �is is caused from 
current passing through the resistance the con-
ductor has.

3. �e rate at which generated heat is dissipat-
ed into the ambient medium:  �ermal insulation 
covering or surrounding conductors affect the rate 
of heat dissipation.

4. Adjacent load-carrying conductors 
have the dual effect of raising the am-
bient temperature and impeding heat 
dissipation. �is is one reason why consid-
eration should be given to the limitations 
on the number of circuits in enclosures.

Ampacity Correction and 
Adjustment Factors
After determining the allowable am-
pacity for the conductors to be used 
from either NEC Table 310.15(B)(16) 
or IRC Table E3705.1, one must con-
sider two additional factors. �e first 
factor is to compensate for ambient 
temperatures that are higher than 86°F 
or 30°C. �e allowable ampacities in 
Table 310.15(B)(16) are determined on 
the basis of a raceway or cable being in 
an ambient temperature of 86°F. Am-
pacity correction factors found in NEC 
Table 310.15(B)(2)(a) or in IRC Table 
E3705.2 must be applied if the ambient 
temperature (where the conductors are 
installed) exceeds 86°F. �e second factor 
that must be considered is where more 
than three current-carrying conductors 
are contained in the same raceway or, 
in the case of cables, are bundled longer 
than 600 mm (24 in.). �e allowable am-

pacities for conductors in the Table(s) are based on 
not more than three current-carrying conductors 
being in close proximity, such as in a raceway or 
cable.

Ampacity Correction Factors
�e ampacity adjustment rules are provided in the 
NEC in 310.15(B)(2)(a) and Table 310.15(B)(2)
(a) and Table 310.15(B)(3)(a). �e IRC has ad-
justment factors included in identical code rules 
that are found in IRC E3705.2, E3705.3 and Ta-
bles E3705.2 and E3705.3.

Correction factors given in the allowable am-

Figure 1.12. Temperature limitations for conductors in si es 1  A  
through 1 AWG

Figure 1.13. Temperature limitations for conductors larger than 1 AWG
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Figure 1.14. Requirements for separately installed pressure 
connectors

pacity tables are required to be applied when the 
ambient temperatures exceed 86°F (30°C) with 
respect to the location of the wiring system. 
Areas at a one- and two-family dwelling that 
may have ambient temperatures exceeding 86°F 
include the exterior of the dwelling such as on 
the side of the structure, on the roof, or in attics. 
Raceways and cables installed on rooftops must 
also comply with NEC 310.15(B)(3)(c). Oth-
er interior areas are not likely to have ambient 
temperatures exceeding these values and would 
not be subject to the rooftop correction factors.

It is the responsibility of the authority enforcing 

the Code to examine each particular site 
and determine what ambient tempera-
tures exist, and to apply the values in the 
tables in an appropriate and reasonable 
manner. Temperature correction factors 
apply to insulated conductors whether 
part of a cord or cable assembly, installed 
in a raceway, or run as open knob-and-
tube wiring.

In the following example, an adjust-
ment in conductor ampacity is applied 
based on ambient temperature alone. 
Simply multiply the ampacity given in 
the applicable allowable ampacity table 
by the percentage given for the ambient 
temperature the conductor will oper-
ate in. For example, a 2/0 copper con-
ductor with 75°C insulation operates 
in a 96°F to 104°F environment. NEC 
Table 310.15(B)(16) indicates the al-
lowable ampacity is 175-amperes. �e 
adjustment to the allowable conductor 
ampacity is calculated as follows: 

175 × .88 = 154 amperes.

�e higher the ambient temperature, 
the less current the conductor can carry 
without exceeding the temperature rat-
ing of the insulation. It is not uncom-
mon for raceways and cables to be in an 
ambient temperature of 120°F or more 
in attics, rooftops, and on the sides of 

buildings or other structures. Conductors installed 
in or on one- and two-family dwelling units are 
often subjected to high ambient temperatures that 
may have an effect on conductor insulation and 
create a problem due to insulation failure.

Type NM cable is required to be manufactured 
with insulation having a temperature rating of 
90°C. Final ampacity must be taken from the 
60°C column of the allowable ampacity table. 
However, the derating calculations are permitted 
to be started from the 90°C ampacity column of 
allowable ampacity table [NEC Table 310.15(B)

Figure 1.15. Tightening torque tools required where torqueing is 
specified on the equipment or in installation instructions
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(16) or IRC Table E3705.1, as allowed 
by NEC 334.80 or IRC E3705.4.4].

For example, if the ambient temperature 
is 108°F where Type NM cable is installed, 
the ampacity correction factors of NEC 
Table 310.15(B)(2)(a) or in IRC Table 
E3705.2 require that the ampacity shown 
in the 90°C column be multiplied by .87 or 
87%. If the cable being installed contains 
12 AWG copper conductors, the corrected 
ampacity is 30 x .87 = 26.1 amperes.

Now the overcurrent protection rules 
in NEC 240.4(D) and IRC E3705.5 
must be applied. �e allowable ampaci-
ties for small conductors (14 through 10 
AWG) are to be in accordance with the 
following limitations: Overcurrent pro-
tection of 14 AWG copper not to exceed 
15 amperes, 12 AWG not to exceed 20 
amperes, and 10 AWG not to exceed 30 
amperes, unless specifically permitted 
in NEC 240.4(E), Tap Conductors, or 
240.4(G), Overcurrent Protection for 
Specific Conductor Applications.

In the example, even though the adjust-
ed ampacity is 26.1 amperes, 20 amperes 
is the maximum branch-circuit protective 
device rating unless permitted otherwise by 
the Code. Two common applications where 
the “Overcurrent Protection for Specific 
Conductor Applications” rule applies are 
for motor loads in accordance with Article 
430 and air conditioning and heat pump loads in 
accordance with Article 440 of the NEC.

Ampacity Adjustment Factors
Ampacity adjustment factors are required where 
more than three current-carrying conductors are 
contained within the same raceway or cable. It also 
applies where cables are bundled without main-
taining spacing. �is adjustment factor reduces 
the ampacity of each conductor in a raceway or 
cable due to the effect of heat contributed by adja-
cent conductors. For example, where four through 

Photo 1.13. Torqueing values are designated on various pieces of 
equipment

six current-carrying conductors are in the same 
raceway or cable, an 80 percent adjustment factor 
must be applied to the conductors. �is reduces 
the allowable ampacity of the conductor and may 
require that a lower-rated overcurrent device be 
installed to protect the conductor at or below its 
reduced ampacity [NEC 310.15(B)(3)(a) and IRC 
E3705.3].

Ampacity correction factors must be applied 
where single or multiconductor cables are stacked 
or bundled longer than 600 mm (24 in.) without 
maintaining spacing and are not installed in a race-

Figure 1.16. Ampacity adjustment factors for Type NM cable



34  

way. Where installed in a raceway longer than 600 
mm (24 in.), the ampacity correction factors must 
be applied. �ere is a provision to this rule that 
basically exempts this rule for Type AC and Type 
MC cables. Both types of cables are metal-clad. 
�is provision does not apply to nonmetallic jack-
eted cables [NEC 310.15(B)(3)(a) and 310.15(B)
(3)(a)(4) or IRC E3705.3, Exception 3].

For example, six 10-2 AWG Type NM cables 
are bundled longer than 600 mm (24 in.) with-
out maintaining spacing. �e ampacity of the 10 
AWG copper conductor in the 90°C column of 

Photo 1.1 . Instructions and manufacturer s specifications are found 
on labels inside panelboards and other type of electrical equipment

Photo 1.15. Aluminum conductors with oxide-inhibiting compound. 
Terminations of aluminum conductors in electrical equipment must 
follow important guidelines to ensure suitable connections

the applicable allowable ampacity table 
is 40 amperes. Because there are twelve 
current-carrying conductors in the 
group, their ampacity is 40 amperes × .50 
or 20 amperes. �ese conductors would 
now require overcurrent protection not 
more than 20 amperes in rating. Stan-
dard ampere ratings for fuses and circuit 
breakers are provided in the Code [NEC 
240.6 and IRC E3705.6].

When more than two Type NM cables 
containing two or more current-carrying 
conductors are installed through the 
same hole, without maintaining spacing, 
and that hole is fire- or draft-stopped 
using thermal insulation, caulk, or seal-
ing foam, the allowable ampacity of each 
conductor is required to be adjusted in 
accordance with NEC Table 310.15(B)
(3)(a), Adjustment Factors for More 
�an �ree Current-Carrying Con-
ductors in a Raceway or Cable, or IRC 
E3705.3 as well [NEC 334.80 or IRC 
E3705.4.4]. �is is discussed in greater 
detail in chapter 8.

Applying Both Correction 
and Adjustment Factors
�e Code makes it clear that conductors 
are required to be adjusted for both high 
ambient temperature and number of 
conductors in a raceway or cable that are 

bundled together where these conditions exist. In 
this case, one determines the correction factor for 
ambient temperature and makes the calculation. 
Next, the adjustment for number of conductors 
is applied. �is process is often referred to in the 
field as a “double derate.”

For example, three 12-2 Type NM cables are 
installed in an attic with a 106°F ambient tem-
perature. All of the phase and grounded (neutral) 
conductors carry current in this case. �e allow-
able ampacity of the conductors in the ampacity 
table is 30 amperes. Remember that the allowable 
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Photo 1.16. Bundled cables that do not maintain spacing between 
cables must generally be derated

Figure 1.17. Correction factors are not required of bundled cables as 
shown

ampacity for Type NM cable is taken at 
90°C for the purpose of derating. Derat-
ing the allowable ampacity for the con-
ditions of use is performed as follows: for 
the high ambient temperature a factor of 
.87 (87 percent) is applied (30 × .87); 
and a factor of .80 (80 percent) for the 
number of conductors is applied (30 × 
.87 × .80), which results in an adjusted 
allowable ampacity of 20.9 amperes.

�e Code permits the next higher stan-
dard rated overcurrent protective device 
(through 800 amperes) to be used to 
protect conductors from overcurrent.

Another example is where a Type 
NM cable having 8 AWG copper con-
ductors is to be installed. �e circuit 
supplies an electric range. From NEC 
Table 310.15(B)(16), the conductors 
have an allowable ampacity of 55 am-
peres at 90°C. �e circuit is proposed 
to be routed through a space where the 
ambient temperature is 106°F. In this 
case, a correction factor of .87 or 87 
percent is applied (55 × .87 = 48 am-
peres). Next, if four two-wire cables are 
bundled together with the 8 AWG ca-
ble for a distance longer than 600 mm 
(24 in.) without maintaining spacing, a 
70 percent adjustment factor is applied 
(48 × .70 = 34 amperes). �is is the new 
ampacity of the conductors.

�e overcurrent protection rules must then 
be considered. �e next standard overcurrent 
device ampere rating (35 amperes) can be used 
only if the circuit is other than a multioutlet 
branch circuit supplying receptacles for cord- 
and plug-connected portable loads. (In our ex-
ample, the circuit supplies a range and as such 
is not a multioutlet branch circuit.) Typical cir-
cuits where the next higher ampere rating can 
be used include fixed appliances like water heat-
ers, electric furnaces, dishwashers, and disposals, 
as well as lighting outlet circuits.

Because 35 amperes is a standard overcurrent 

device, it must be selected even though it may 
not be as common as a 40-ampere overcurrent 
device. Hopefully, this reduced allowable am-
pacity is still adequate for the range load. Oth-
erwise, a larger size cable should be selected and 
the ampacity recalculated. Or, it may be simpler 
to avoid bundling the cables together!

Product Safety Standard 
Requirements
It is recommended that the following electrical 
product safety guide card information and prod-
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Figure 1.18. Application of correction factors for ambient temperature 
and for number of current-carrying conductors

uct safety standards be consulted for additional 
guidance on the installation, operation, and use 
of electrical equipment covered in this chapter. 
�e four-letter code in parenthesis refers to the 
product category in the UL Guide Information for 
Electrical Equipment Directory (UL Product Spec 
material). A list of product standards is included 
in Annex A of NEC-2017 and in Chapter 44 of 
IRC-2018. It is important that enforcing author-
ities utilize the references to these standards as 
needed to ensure compliance with the applicable 
requirements of the Code.

• Electrical Equipment for Use in Ordinary 
Locations (AALZ)

• Armored Cable (AWEZ)
• Circuit Breakers (DHJR)
• Circuit Breakers, Molded-Case, and Circuit 

Breaker Enclosures (DIVQ)
• Switches, Enclosed (WIAX)
• Insulating Devices and Materials (NYYV)
• Insulating Tape (OANZ)
• Panelboards (QEUY)
• Wire (ZGZX)
• Wires, �ermoset-Insulated (ZKST)
• Wires, �ermoplastic-Insulated (ZLGR)
• Wire Connectors (ZMKQ)
• Wire Connectors and Soldering Lugs 

(ZMVV)
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Questions
1. �e relationship between current, voltage, 

and resistance in an electric circuit was discovered 
by George Simon Ohm in 1726.

True _____ False _____

2. �e term volt describes “the unit of electri-
cal pressure that is required to force one ampere 
through a resistance of one ohm.”

True _____ False _____

3. “�e unit of electrical current which will flow 
through one ohm under a pressure of one volt in 
one second” is described as a watt.

True _____ False _____

4. �e unit of electrical resistance described as 
“the resistance through which one volt will force 
one ampere” is called an ohm.

True _____ False _____

5. “�e unit of measurement of the energy flow-
ing in an electrical circuit at any given moment” is 
described as a watt.

True _____ False _____

6. Mechanical power is usually expressed in 
horsepower and electrical power in:

A. watts
B. ohms
C. cycles
D. farads

7. �e following equation is used to change 
watts to horsepower:

hp = watts/746     746 watts = 1 hp

True _____ False _____

8. �e purpose of the NEC is the practical safe-
guarding of persons and property from hazards 
arising from the use of electricity.

True _____ False _____

9. A premises wiring system begins at the ser-
vice point and extends to the outlet(s) and wiring 
from and including the power source to the out-
lets where there is no service point.

True _____ False _____

10. �e authority having jurisdiction will use 
Section __________ in the NEC as a basis to ap-
prove the materials and electrical equipment that 
are installed in a one- and two-family dwelling 
electrical system.

A.    90.4
B.    110.2
C.    215.8
D.    230.42

11. Ordinary locations defined in the NEC and 
IRC include all the following EXCEPT:

A.  damp location
B. dry location
C.  wet location
D.  moist locations
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12. Terminals for more than one conductor and 
terminals used to connect ______________ shall 
be so identified.

A.  copper
B.  copper-clad aluminum
C.  aluminum
D.  copper or aluminum

13. Generally, the overcurrent protection shall 
not exceed _____ amperes for a 12 AWG copper 
conductor after any correction factors for ambient 
temperature and for number of conductors have 
been applied.

A.  15
B.  20
C.  25
D.  30

14. In comparing the following sizes of con-
ductors, the ______ AWG is the smallest of the 
group.

A.  3
B.  4
C.  6
D.  8

15. Type THHN 8 AWG copper conductors 
are permitted to be installed in:

A.  wet locations only.
B.  dry and wet locations.
C.  ambient temperatures at 90°C, 194°F.
D.  PVC conduit rated at 60°C, 140°F.

16. �e maximum ampacity for each of three 
single insulated 75°C rated 6 AWG Type THWN 
copper conductors in a raceway is:

A.  55 amps.
B.  5 amps.
C.  70 amps.
D. 80 amps.

17. Type XHHW-2 conductors in a dry location 
have a maximum insulation temperature rating of:

A.   60°C
B.   75°C
C.   90°C
D.   110°C

18. Which one of the following is the maximum 
ampacity for three 12 AWG Type THWN alumi-
num conductors installed in a raceway?

A.   15 amps
B.   20 amps
C.   30 amps
D.   35 amps

19. Type THWN copper conductors are per-
mitted to be installed in:

A.  dry locations only.
B.   dry and wet locations.
C.   ambient temperatures at 90°C, 194°F.
D.   PVC conduit rated at 60°C, 140°F.

20. Derating factors are applicable to conduc-
tors installed in raceway nipples shorter than 600 
mm (24 in.).

True ______ False ______

21. 14 AWG aluminum conductors are suitable 
for dwelling unit branch-circuits.

True ______ False ______

22. Ampacity correction factors are required to 
be applied where the ambient temperature ex-
ceeds:

A.  30°C (86°F)
B.  36°C (96°F)
C.  40°C (104°F)
D.  60°C (140°F)
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23. �e allowable ampacities of NEC Table 
310.15(B)(16) or IRC Table E3705.1 are deter-
mined at an ambient temperature of:

A.  30°C.
B.  86°F.
C.  75°C.
D.  Both A and B.

24. Conductors with Type THW insulation that 
are installed in an ambient temperature of 106°F 
must have a correction factor of ____ percent ap-
plied.

A.  71
B.  82
C.  87
D.  88

25. Which of the following statements about 
the general requirements for 6 AWG conductors 
is true?

A.  �ey are required to be terminated at 
 75°C ampacity.

B.  �ey are required to be terminated at 
 60°C ampacity.

C.  �ey must have insulation rated at 60°C.
D.  �ey must have insulation rated at 75°C.

26. Which of the following statements about 
the general requirements for 1/0 AWG conduc-
tors is true?

A.  �ey are permitted to be terminated at 
 75°C ampacity.

B.  �ey are required to be terminated at  
 60°C ampacity.

C.  �ey must have insulation rated at 60°C.
D.  �ey must have insulation rated at 75°C.

27. �ree 12-2 Type NM-B (with ground) ca-
bles and two 10-3 Type NM-B (with ground) 
cables are bundled longer than 600 mm (24 in.) 
without maintaining spacing. All but the equip-
ment grounding conductors are considered to be 
current-carrying. Which of the following adjust-
ment factors must be applied?

A.  80 percent
B.  70 percent
C.  50 percent
D.  45 percent

28. Splicing devices for underground cables are 
required to be covered with insulation equivalent 
to that of the conductors or with an insulating de-
vice that is:

A.  accessible.
B.  readily accessible.
C.  identified and listed for such use.
D.  color-coded.

29. Unused openings, other than those intend-
ed for the operation of equipment, those intend-
ed for mounting purposes, or those permitted as 
part of the design for listed equipment, shall be 
____________

A.  welded closed.
B.  sealed with silicone.
C.  closed to afford protection substantially  

  equivalent to the wall of the equipment.
D.  effectively closed.
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30. Which of the following statements about 
    enclosures is true?

A.  �ey are all suitable for outdoor use.
B.  Must be identified for use in the operat- 

 ing environment (such as wet or damp  
 locations).

C.  Not required to be protected against 
 permanent damage from the weather  
 during building construction.

D.  Not required to be identified in areas 
 where exposed to gases, fumes, vapors,  
 liquids.

31. Which of the following statements about 
the integrity of electrical equipment and connec-
tions is false?

A.  Cleaners or abrasives may be used to re- 
 move paint overspray from panelboard 
 busbars.

B.  Internal parts of panelboards, such as the 
 busbars, shall be protected from contami- 
 nation due to foreign materials such as 
 paint, plaster, cleaners or abrasives.

C.  Broken or damaged parts shall be   
 repaired or replaced.

D.  Parts that are damaged due to overheat- 
 ing shall be repaired or replaced.

32. By special permission, the authority having 
jurisdiction may waive specific requirements in this 
Code or permit alternative methods where it is as-
sured that equivalent objectives can be achieved by 
establishing and maintaining effective safety. �is 
rule requires the AHJ to state in ___________ 
that the Code variation is authorized.

A.  English
B.  English and Spanish
C.  writing
D.  a court of law

33. �e ________________________________ 
recognizes qualified electrical testing laboratories 
that perform evaluations, testing, and certification 
of certain products to ensure that they meet the 
requirements of both the construction and general 
industry electrical standards.

A.  Consumer Product Safety Commission
B.  UL Product Spec
C.  Occupational Safety and Health  

 Administration (OSHA)
D.  ANSI standards

34.  �e determination of a damp, wet, or dry 
location is typically the responsibility of the 
_____________________ using the definitions 
and listing and labeling by a third-party testing 
agency.

A.  project engineer
B.  authority having jurisdiction
C.  building contractor
D.  project designer

35.  A metal cabinets or enclosures installed in a 
damp or wet location must be installed so there is 
at least _________________ airspace between the 
enclosure and the wall or other supporting surface. 

A.  3-mm (⅛-in.)
B.  10-mm (⅜-in.)
C.  1.6-mm (1/16-in.)
D.  6-mm (¼-in.)

36.  A wire connector for securing an alumi-
num wire in combination with a copper or cop-
per-clad aluminum conductor, where physical 
contact occurs between the wires of different 
metals, is limited to ___________________ only 
and is marked “AL-CU”. 

A.  dry locations
B.  damp locations
C.  Wet locations
D.  indoor locations
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37.  Which one of the following insulated con-
ductors can be used in wet locations as recognized 
by the NEC? 

A.  THHN
B.  XHH
C.  THW
D.  RHH

38. Precaution needs to be exercised when 
installing more than ______Type NM cables 
through the same opening in wood framing mem-
bers.

A.   1
B.   2
C.   3
D.   4
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Chapter 2

Branch-Circuit,
Feeder, and Service  
Calculations
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This chapter includes the methods of estab-
lishing the minimum sizes for the service 
equipment and service-entrance and feed-

er conductors for one- and two-family dwellings. 
Part A of this chapter includes proper application 
of the rules in the 2017 NEC. Part B contains the 
requirements and examples of application of the 
provisions contained in the IRC 2018. �ere are 
modest differences between the two codes as to 
how the rules for sizing and calculations are ap-
plied; however, they both essentially achieve the 
same result.

Importance of Electrical Plans 
and Proper Plan Review 
Many existing one- and two-family dwellings 
around the country have 30- or 60-ampere ser-
vices supplied by a 120-volt, two-wire, 30-ampere 
service drop that energizes an old set of rubber 
covered service-entrance conductors. �ese con-
ductors are often deteriorated due to long-term 
exposure to sunlight and the weather. �e enclo-
sure for the main switch may be rusted out and 
broken, and the two-fuse, cast iron cutout box 
may be supplied with oversized 30-ampere Edi-
son-base fuses. Conditions such as these help us 
realize that the installer or designer did not plan 
for future expansion when the electrical system 
was first installed. Many, no doubt, thought their 
30- or 60-ampere service had more capacity than 
they would ever need at the time it was installed. 
Along came electric ranges, water heaters, wash-
ers and dryers as well as radios, televisions and a 
myriad of other appliances. Most of these older 
services are woefully inadequate for today’s elec-
trical demands.

Planning for future expansion and increases in 
electrical power is mentioned in the Code. How-
ever, NEC 90.8(A) (Future Expansion and Con-
venience) is advisory in nature. �e Code require-
ments include a minimum set of requirements for 
electrical services, feeders, and branch circuits. It is 
always a good idea to provide additional spaces in 
panelboards for future 120- and 240-volt branch 

circuits. Installation of spare cable assemblies and 
raceways run from the basement to the attic space 
or other accessible areas facilitate the addition of 
new circuits. Locating distribution centers so they 
can be serviced and readily maintained will assist 
the installer to meet future needs for changes and 
additional circuits.

A code-compliant installation starts with proper 
planning. A detailed set of plans and specifications 
saves time on the job and reduces the possibility of 
a noncompliant installation. It is much easier and 
less costly to make changes to a set of plans than 
to the installation after it has been made. It is true 
that electrical plans may not always be part of the 
local permit process. It is equally true that plans 
and specifications play a necessary and important 
part in helping to ensure the future safety of the 
occupants.

In some cases, a sketch on a plain piece of paper 
has served as a simple set of plans for an electri-
cal installation. In other cases, the examiner may 
require professionally prepared plans. �ese elec-
trical plans often are included as a requirement of 
a building code permit process. �ese plans often 
include a detailed diagram showing the feeder(s), 
the total area of the building in square feet, the 
total connected load and any demand factors that 
are to be applied, as well as the sizes and types of 
conductors to be installed.

�e International Code Council, made up of 
the former International Conference of Building 
Officials (ICBO), the Building Officials Congress 
of America (BOCA), and the Southern Building 
Code Congress International (SBCCI) publish 
building codes that include specific requirements 
concerning electrical plan review. �e Internation-
al Residential Code (IRC) includes such require-
ments [R106, Construction Documents; R105.1, 
Permits; R109, Inspections]. See IRC R106 (Con-
struction Documents) for the specific information 
required on the construction documents (blue-
prints, and so forth). Be sure to consult both the 
national code and any local codes or ordinances 
applicable to your installation. An open line of 
communication is always the best approach. Prior 
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to starting a project, consult with your local au-
thority having jurisdiction (AHJ) on construction 
permits, plans and specifications, and inspection 
requirements.

�e methods for calculating service and feed-
er sizes for one- and two-family dwellings differ 
slightly between the NEC and the IRC. Part A of 
this chapter covers load calculations as determined 
by applying Article 220 of the NEC. Part B con-
tains the requirements and examples of similar 
calculations obtained by applying the IRC 2018. 
Service size and voltage limitations are provided 
in the IRC (E3401.2 and E3401.3). Services for 
one- and two-family dwellings within the scope of 
the IRC are limited to 120/240-volt, 400-ampere, 
single-phase. It is also important to emphasize that 
the rules contained in the IRC are derived from the 
NEC. Based on the language in Section E3401.2, 
where electrical systems, equipment, or components 
are not specifically covered in Chapters 34 through 
43 of the IRC, the rules in the NEC apply.

Code Definition Important to This 
Chapter
�e NEC and the IRC both include definitions to 
assist in the application of the respective code rules. 
Definitions in the NEC are found in Article 100, 
and definitions respective to the electrical chapters 
are in Chapters 2 and 35 of the IRC. Definitions 
contained in IRC Chapter 35 are derived directly 
from Article 100 of the NEC. 

Branch Circuit. “�e 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 that are not a 
part of an appliance.”

Branch Circuit, General Purpose. “A branch cir-
cuit that supplies two or more receptacles or out-
lets 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 con-
ductors that have a voltage between them, and 
a grounded conductor that has equal voltage be-
tween it and each ungrounded conductor of the 
circuit and that is connected to the neutral or 
grounded conductor of the system.” (Note: Elec-
tricians usually refer to this circuit as a three-wire 
circuit.) 

Branch-Circuit Overcurrent Protective Device. 
“A device capable of providing protection for ser-
vice, feeder, and branch circuits and equipment 
over the full range of overcurrents between its 
rated current and its interrupting rating. Such de-
vices are provided with interrupting ratings appro-
priate for the intended use but no less than 5,000 
amperes.”

Building. “A structure that stands alone or that is 
separated from adjoining structures by fire walls.” 
�e definition of building in this section is taken 
from the NEC. Building is not defined in Chapter 
35 of the IRC because it exists in Chapter 2 and 
differs slightly.

Clothes Closet. “A non-habitable room or space 
intended primarily for storage of garments and 
apparel.”

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

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

Dwelling Unit. “A single unit, providing com-
plete and independent living facilities for one or 
more persons, including permanent provisions for 
living, sleeping, cooking, and sanitation.”

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

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

Feeder. “All circuit conductors between the ser-
vice equipment, the source of a separately derived 
system, or other power supply source and the final 
branch-circuit overcurrent device.”
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Part A: Calculation and 
Sizing Requirements of 
the NEC

Calculating Service-
Entrance Conductor Sizes
Article 230 of the NEC contains most 
of the rules related to electrical service 
installation. For example, the mini-
mum size of the disconnecting means 
for one-family dwellings is required to 
be at least 100-ampere, 3-wire [NEC 
230.79(C)]. Methods for determining 
the minimum size of service-entrance 
conductors are not contained in NEC 
Article 230. Loads shall be determined 
in accordance with calculation rules 
contained in Article 220. �e Code requires that 
the ampacity of the service-entrance conductors 
before the application of any adjustment or cor-
rection factors shall not be less than required for 
the load to be served.

Ampacity of the service conductors and feeder 
conductors is generally required to be not less than 
the sum of the noncontinuous loads plus 125% of 
the continuous loads.

�e Code also permits the service conductors to 
be sized based on the sum of the noncontinuous 
loads plus the continuous load if the service-en-
trance conductors terminate in an overcurrent de-
vice and assembly that are listed for operation at 
100% of their rating. While not commonly found 
in residential electrical systems, this type of equip-
ment is not limited to just commercial or industri-
al applications.

Calculation of loads for service-entrance con-
ductors must be performed in accordance with 
requirements of the Code. �e basic requirement 
is that the load of a feeder or service not be less 
than the total of the loads on the branch circuits 
supplied as determined by Part II of NEC Arti-
cle 220. Applicable demand factors permitted by 
Parts III or IV or required by Part V are applied to 
the sum of the branch-circuit loads in order to cal-
culate the total load. �en, the minimum ampacity 

of the service-entrance conductors and the feeder 
conductors are determined from NEC 310.15, 
normally by using the applicable table. NEC Ta-
ble 310.15(B)(16) is primarily used for conductor 
ampacities; however, the ampacity demand factors 
(adjustments) of NEC 310.15(B)(7) are permitted 
to be used for services and the main power feeder 
for dwellings under certain conditions.

For a service or feeder rated 100 through 400 
A, the service or feeder conductors supplying the 
entire load associated with a one-family dwelling, 
or the service or feeder conductors supplying the 
entire load associated with an individual dwelling, 
unit in a two-family or multifamily dwelling, are 
permitted to have an ampacity not less than 83 
percent of the service or feeder rating. �e service 
or feeder rating would be derived using the stan-
dard ampacity ratings found at NEC 240.6(A) and 
Table 240.6(A) and the calculated loads involved. 
�e starting point for sizing of these service or 
main power feeder conductors would began with 
the ampacity ratings from NEC Table 310.15(B)
(16). �e 83 percent adjustment for these conduc-
tors is permitted by NEC 310.15(B)(7). It should 
be noted that 310.15(B)(7) does not assign a dif-
ferent ampacity for these conductors, but rather 
provide a reduced rating when using the calcu-
lated values, which allows a smaller conductor to 

Figure 2.1. Service-entrance and service-lateral conductors are to be 
adequate for calculated load
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be used in most cases. Only the specific service 
and main power feeder conductors addressed in 
the subsections are permitted to be used for this 
application.

Section 310.15(B)(7) also clarifies that where 
correction or adjustment factors are required by 
310.15(B)(2)(b) (temperature) or 310.15(B)(3)(a) 
(number of conductors), they are permitted to be 
applied to the ampacity associated with the tem-
perature rating of the conductor. Some users of the 

Code have questioned whether the tem-
perature and correction factors should or 
even could be applied to the ampacity in 
the temperature column associated with 
the equipment termination values or the 
conductor temperature rating when the 
ampacity values permitted by 310.15(B)
(7) were already applied to a dwelling 
unit service or main power feeder. Sec-
tion 310.15(B)(7) makes it clear that 
they are permitted to be applied to the 
conductor temperature rating column 
ampacity when necessary due to tem-
perature correction and adjustment fac-
tors. Service and feeder conductors sized 
in compliance with 310.15(B)(7) are 
subject to the same environmental con-
ditions that apply to conductors that are 
not selected according to 310.15(B)(7). 
To illustrate this point. A new example 
was added at Example for an example of 
sizing of service conductors for dwelling 
units. �e previous D7 example is now 
under the banner of “With No Required 
Adjustment or Correction Factors.” A 
new example was added with the title of 
“With Required Temperature Correc-
tion Factor.” �is new example gives an 
example of sizing dwelling unit service 
conductors with the allowed 310.15(B)
(7) 83 percent adjustment along with a 
temperature correction factor from Table 
310.15(B)(2)(a).

Feeder or Service Calculations
NEC Article 230 does not contain load calculation 
methods but rather refers to NEC Article 220 for 
determining the load on both feeder and service 
conductors. To emphasize this point, the title of 
NEC Article 220 is “Branch-Circuit, Feeder and 
Service Calculations.” �e scope of NEC Article 
220 contains similar information. Part I of NEC 
Article 220 gives some general information. Part 
II covers calculation methods used for branch-cir-

Photo 2.1. Calculation(s) are required to determine the minimum si e 
of the ser ice equipment and ser ice-entrance conductors

Photo 2.2. Ampacity of ser ice conductors and feeder conductors is 
calculated at not less than the noncontinuous load plus 125  of the 
continuous load
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Figure 2.2a. Reproduction of NEC Informative Annex D Example D7 
and the requirements of 10.15( )(7) (with no required ad ustment or 
correction factors)

Figure 2.2b.  Reproduction of NEC Informative Annex D Example 
D7 and the requirements of 10.15( )(7) (with required temperature 
correction factor)

cuit load. Parts III and IV cover methods used in 
calculating service loads. Part V provides calcula-
tion methods for farms.

oad Calculation ethods
�e NEC allows either one of the two permit-
ted methods for determining the minimum size 
of service conductors that must be used for a 

dwelling unit. �is chapter will explain 
and give examples of both the Standard 
Calculation Method and the Optional 
Calculation Method. While the NEC 
permits both methods, the IRC provides 
only one method to establish these loads. 
�ese load calculations are used to cal-
culate conductor size and determine the 
minimum rating of service equipment.

We will review the general or stan-
dard load calculation in Part III of 
NEC Article 220; the optional load 
calculation method of Part IV; as well 
as the portion of load calculation in 
Part III of NEC Article 220 that ap-
plies to two-family dwelling services. A 
requirement for using the optional cal-
culation in Part IV sets the minimum 
size of service-entrance conductors at 
100 amperes. �e NEC permits both 
methods, but the optional calculation 
covered in Part IV of NEC Article 220 
will usually result in a lower calculated 
load. We will work through both meth-
ods, as familiarity with both is import-
ant. For additional examples, refer to 
Informative Annex D, Examples, of the 
NEC. Information in the NEC annex, 
including these examples, is not part of 
the actual rules of the Code.

Common Calculation 
Requirements
�e general requirements in Part I are 
common to both calculation methods. 
We will review the common require-

ments and then the requirements that apply only 
to the standard or only to the optional calculation 
method.

Selection of Conductors
In the following examples, the results of the load 
calculations are expressed in amperes. To select 
conductor sizes, in most cases we will refer to NEC 
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Table 310.15(B)(16), which provides the “Allow-
able Ampacities of Insulated Conductors Rated Up 
to and Including 2000 Volts.” Since we are deter-
mining the minimum ampacity of the service-en-
trance conductors, we will also use NEC 310.15(B)
(7) which provides specific sizes and types of cop-
per and aluminum conductors permitted for dwell-
ing-unit services and the main power feeder.

Voltages Used in Calculations
For uniform application of the rules in the Code, 
specifically NEC Articles 210, 215 and 220, a nom-
inal voltage of 120, 120/240, 240 and 208Y/120-
volts is required for calculating the ampere load on 
the conductor [NEC 220.5(A)].

Fractions of an Ampere
Except where the computations result in a major frac-
tion of an ampere (0.5 or larger), such fractions will be 
dropped. �e rule for rounding of fractions is given 
in NEC 220.5(B) and found applied in the examples 
provided in Informative Annex D of the NEC.

Unit Load for ranch Circuits and 
eneral ighting

�e calculation of general-purpose branch cir-
cuits is determined by using a general unit load 
of 3 volt-amperes per square foot for one- and 
two-family dwelling units, which is derived from 
NEC Table 220.12. �e floor area is required to 
be calculated using the outside dimensions of the 
dwelling unit, apartment or other area that may 
be involved. Each floor level must be considered 
individually, then added together to determine the 
total floor area for the calculation.

�e floor area to be included in the calculation 
is not required to include any open porches, ga-
rages, or any unused or unfinished spaces that 
are not adaptable for future use. �e decision 
on whether or not these spaces must be includ-
ed in the load calculation is determined by how 
the space is identified on the plans. �e building 

codes are used to determine if the space is suit-
able for human habitation. Most unfinished areas, 
such as basements, are designed to be used for 
storage or to contain equipment such as furnaces, 
boilers, etc. However, attics or unfinished base-
ments intended to be remodeled later to be used 
as a bedroom, recreational room, or some other 
useful habitable area must be included in the load 
calculation (NEC 220.12).

General-Use Receptacle Outlets
General-use receptacle outlets, rated at 20 am-
peres or less, are considered as outlets for general 
illumination in dwelling units and are permitted 
to be included in the general lighting load calcula-
tion. �is includes receptacle outlets in bathrooms, 
outdoor areas, basements, and garages. No addi-
tional load is required for these general-purpose 
receptacles. In commercial occupancies, gener-
al-use receptacles are calculated at 180 volt-am-
peres, but this is not applicable for dwelling units 
[NEC 220.14( J)].

Minimum Number of General-
Purpose ighting Circuits
To serve as a starting point, the general branch cir-
cuits for power and lighting must be established. 
�e other required loads will be added to this 
figure as the calculated load on the service grows. 
�e minimum number of general-purpose light-
ing circuits required is determined by the formula 
provided in figure 2.4.

Assume the dwelling has 2800 square feet re-
quired to be included in the calculation (excluding 
porches, garages, etc.). �e basic calculation for the 
general lighting load will appear as follows: 

Any mix or combination of 15- or 20-ampere 
branch circuits can be selected so long as circuits 
having a capacity not less than required are pro-
vided. In our example, three 20-ampere or four 
15-ampere branch circuits or a combination of 
15- or 20-ampere branch circuits could be pro-
vided as long as circuits with a total ampacity of 
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not less than 70.0 amperes are installed. 
�e minimum size branch-circuit con-
ductor for a typical 120-volt branch 
circuit at a dwelling unit is 14 AWG 
copper or 12 AWG aluminum [NEC 
Table 310.106(A)]. �is would require 
a minimum 15-ampere rated branch 
circuit for general lighting circuits. �is 
method gives the minimum number 
of general-purpose branch circuits re-
quired for the dwelling. Of course, ad-
ditional general-purpose lighting and 
receptacle circuits are permitted as de-
sired by the owner or installer. Where 
additional circuits are installed, and the 
load is based on the volt-amperes per 
square foot method, no additional load 
is required in the overall service or feed-
er load calculation.

Small Appliance ranch 
Circuits
A minimum of two 20-ampere small 
appliance branch circuits are required 
to be installed for the supply to recep-
tacle outlets only in the kitchen, pantry, 
breakfast room, dining room, or similar 
area of a dwelling unit. A kitchen is de-
fined as “an area with a sink and perma-
nent facilities for food preparation and 
cooking.” Although the term permanent 
facilities for food preparation and cooking is not 
defined, there is a thorough description of which 
receptacle outlets are required to be served by 
these minimum two 20-ampere branch circuits. 
�ese are generally required for supplying small 
appliances in kitchens, pantries, breakfast rooms, 
dining rooms or similar areas. �is publication will 
cover the circuit requirements in more detail later 
in Chapter 11.

�e Code requires that a minimum feeder 
load of 1500 volt-amperes be applied for each 
of the two small appliance branch circuits re-
quired. What happens if more than two small 

Figure 2. .  eneral-purpose branch circuits are determined by using a 
general unit load of  olt-amperes (watts) per square foot for one- and 
two-family dwelling units

Figure 2. .  eneral lighting load calculation for dwelling units

appliance branch circuits are installed, such as 
for a large dwelling unit? Do you have to include 
1500 volt-amperes for each of those additional 
circuits? NEC 210.11(C)(1) requires that “two 
or more 20-ampere small appliance branch cir-
cuits” be provided for all the receptacle outlets 
required for the small appliance loads. NEC 
220.52(A) requires that the 1500 volt-ampere 
load be applied for those circuits that are re-
quired. Most inspection jurisdictions interpret 
this to require that the load be included for only 
the two circuits that are required. Others require 
that a unit load of 1500 volt-amperes be includ-
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ed for each small appliance branch circuit that 
is installed. One issue is clear. �e exception to 
NEC 220.52(A) allows the additional individual 
branch circuit permitted by NEC 210.52(B)(1) 
Exception No. 2 to be excluded from the small 
appliance load calculation. �is is for the addi-
tional small appliance branch circuit rated 15 
amperes or more for appliances such as refriger-
ation equipment located in kitchens. Verify the 
requirements of your local jurisdiction before 
performing the load calculation.

Some single-family dwellings have two living 
areas with two complete kitchen areas, with one 
of the kitchen areas designated as the “mother-
in-law” kitchen. �e Code does not permit the 
small appliance branch circuit(s) to serve more 
than one kitchen. �is requires a minimum of 
two small appliance branch circuits for each 
kitchen. If two kitchens exist, a minimum of four 
small appliance branch circuits must be installed. 
A load of 6000 volt-amperes (4 x 1500 VA) must 
be included in the calculation.

NEC 220.52(A) permits the 1500 volt-amperes 
load for each small appliance branch circuit to be 
included with the general lighting load and subject 
to the demand factors provided in NEC 220.42. 
We will apply the demand factors in the sample 
load calculations in this chapter.

Photo 2. . eneral-purpose lighting circuits in a typical dwelling unit 
bedroom

aundry ranch Circuit
One 20-ampere laundry branch circuit 
is required for the supply to the laun-
dry outlet(s) for a dwelling unit [NEC 
210.11(C)(2)]. �is is in addition to 
those branch circuits installed for gen-
eral lighting and for small appliances. A 
service or feeder load of 1500 volt-am-
peres is required to be included for each 
laundry branch circuit installed [NEC 
220.52(B)]. 

�e Code does not require a laundry 
receptacle in other than one-family 
dwellings, where they are not installed or 
permitted to be installed. �is is inter-
preted such that laundry receptacles may 
not be required in a two-family dwelling 

that is not occupied by the owners and instead is 
rented. �erefore, the required 1500 volt-ampere 
load for each branch circuit does not have to be 
included under these circumstances. Usually, a 
laundry equipment receptacle outlet is provided in 
each unit of two-family dwellings. If this is the 
case, a 1500 volt-ampere load must be provided 
for each circuit.

NEC 220.52(B) permits the 1500 volt-amperes 
load for the laundry circuit to be included with 
the general lighting load and to be subject to the 
demand factors provided in NEC Table 220.42. 
We apply the demand factors in the sample load 
calculations in this chapter.

ne-Family Dwelling 
Calculations
We will calculate the minimum service and/or feed-
er ampacity for three dwellings, each having differ-
ent equipment and different areas. We will perform 
the calculations first under the standard or general 
method and then under the optional method.

Load Calculation Examples
We will assume the dwelling for which we are 
calculating the load has the following dimensions, 
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appliances or equipment (all loads are 
120 volts unless indicated otherwise):

Example No. 1
1650   —  square feet of living space
1  —  dishwasher, 1500 VA
1  —  gas or oil-fired furnace with 1/2 

hp motor
1  —  gas range
1  —  gas clothes dryer

See Standard calculation Example No. 
1, and Optional calculation Example No. 
1 of this Chapter.

Example No. 2
2250   —   square feet of living space
1  —  dishwasher, 1500 VA
1  —  waste disposal, 1/2 hp
1  —  trash compactor, 5 amperes
2  —  exhaust fans, 120 VA each
1  —  water heater, 4500 VA, 240-volts
1  —  electric range, 11.2 kVA, 

240-volts
1  —  electric clothes dryer, 4.5 kVA, 

240-volts 
1  —  electric furnace, 15 kW plus 1/2 

hp fan
          motor, 240-volts
1  —  air conditioner with 20 RLA compressor
           plus 1.4 A fan motor, 240-volts

See Standard calculation Example No. 2, and Op-
tional calculation Example No. 2 of this Chapter.

Example No. 3
3650   —   square feet of living space
1  —  dishwasher, 1500 VA
1  —  waste disposal, 1/2 hp
1  —  trash compactor, 5 amperes
4  —  exhaust fans, 120 VA each
2  —  water heaters, 4500 VA, 240-volts
1  —  electric range, 13.6 kVA, 240-volts
1  —  electric clothes dryer, 5.5 kVA, 240-volts
1  —  heat pump with 31.5 RLA compressor
            and 1.5 FLA outdoor fan

Photo 2. .  Small appliance branch circuit rough wiring in itchen half 
wall/island area

Figure 2.5. ighting load demand factors for dwelling units

      motor, an in - door air handler with a 
 total of 20 kW strip heaters plus 

1/4  hp fan motor, all 240 volts
1  —  30 kW pool heater and one 

3/4 hp pump, all 240 volts

See Standard calculation Example No. 3, and Op-
tional calculation Example No. 3 of this Chapter.

Application of Demand Factor
A demand factor is permitted to be applied to the 
general lighting load as determined from the fol-
lowing calculations (NEC 220.42). �e Code also 
permits the load for the small appliance branch 
circuits and the laundry circuit to be included in 
the demand factor calculation [NEC 220.52(A) 
and (B)]. �e concept behind the use of demand 
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factors is that typically, not all the loads included 
in the calculation will be on at the same time. �e 
net result is a smaller load on the feeder.

�e following demand factors are provided by 
the NEC and apply to dwelling units (load in 
volt-amperes):

See the examples in this chapter for an illus-
tration of the application of this demand factor. 
�is demand factor is permitted to be applied 
only to the standard method of load calculations. 
�e load calculations result in the determination 
of ungrounded conductor size. �e minimum size 
of the grounded (neutral) conductor is determined 
by NEC 220.61. �e loads used in this section can 
be found using either the standard or the optional 
method.

ther oads
�e loads for outlets that supply specific appli-
ances or other loads are required to use the am-
pere rating of the appliance or load to be served. 
Outlets for single motors such as submersible 
pump motors or attic fan motors are required to 
be calculated in accordance with NEC Article 
430. NEC 430.22 is used for conductors supply-
ing a single motor; conductors supplying several 
motors are in accordance with 430.24; motor 
feeder demand factors are given by NEC 430.26. 
NEC Article 440 is used to calculate the load 
for individual air-conditioning and refrigerating 
units. See Chapter 9 in this publication for addi-
tional information concerning air-conditioning 
and heat pump equipment.

�e method of calculating the load for ranges, 
dryers and appliances as well as for heating and 
air-conditioning equipment differs between the 
standard and optional methods. We will include 
them in each method and indicate the application 
of demand factors where appropriate.

Fixed Electric Space-Heating 
Loads
�e Code requires that fixed electric space-heating 

loads be calculated at 100% of the total connect-
ed load (NEC 220.51). It should be emphasized 
that NEC 424.3(B) requires that the ampacity of 
the branch-circuit conductors and the rating or 
setting of the overcurrent protective device(s) be 
sized at not less than 125% as a continuous load 
including the heater and any motor(s).

NEC 220.51 goes on to state, “In no case shall 
a feeder or service load current rating be less than 
the rating of the largest branch circuit supplied.” 
�is situation occurs where the majority of the 
feeder load is large-capacity electric space-heat-
ing equipment supplied by a single branch circuit. 
Since the minimum size of the branch circuit is 
based on 125% of the heater load, the calculated 
load of the feeder would also have to be based 
on the same 125% of the load. Another example 
is a dwelling that has two service disconnecting 
means. One supplies only electric heating loads. 
Usually a separate meter is used to permit the 
customer to be billed at a lower rate for heating 
loads.

An exception permits the AHJ to allow a lower 
demand factor where the heating unit(s) operates 
on a duty cycle, intermittently, or all units are not 
operating at the same time. Contact your local 
electrical inspector to determine if any demand 
factors are permitted in your area.

Four or ore Appliances in the 
Calculation
A demand factor of 75% is permitted to be ap-
plied 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 (NEC 220.53). �e 
demand factor can be applied only if all four pieces 
of equipment are supplied by the same feeder or 
service. Note that the load on the appliance name-
plate must be known before the demand factor of 
this section is permitted to be applied.

Electric Clothes Dryer oads
Electric clothes dryers installed in dwelling 
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units are required to be calculated at 5000 watts 
(volt-amperes), or the nameplate rating, whichev-
er is larger, for each dryer served (NEC 220.54). 
Note that the Code does not permit a demand fac-
tor until five or more dryers are connected to the 
same feeder (NEC Table 220.54).

Electric Ranges
NEC 220.55 covers electric ranges and other 
cooking appliances installed in dwelling units. 
�is section includes NEC Table 220.55 where 
demand loads for a household electric range, 
wall-mounted oven, counter-mounted cooking 
unit and other household cooking appliances may 
be determined. �ere are five notes to the table. 
�e notes give permission to employ alternative 
methods for the specified circumstances. Column 
C is used to determine the demand load unless 
Note 3 permits otherwise.

For an electric range not over 12 kW rating, the 
maximum demand is permitted to be figured at 
8 kW as indicated in Column C of NEC Table 
220.55. Where two ranges not over 12 kW are 
connected to the same feeder, a maximum de-
mand of 11 kW is permitted to be used in the 
load calculation. Where more than one cooking 
appliance is supplied by the same branch circuit as 
permitted in NEC 210.19(A)(3), Exception No. 1, 
it is permitted to add the loads of not more than 
one cooktop and two wall-mounted ovens togeth-
er and to treat them as a single appliance for the 
application of Table 220.55 (NEC Table 220.55, 
Note 3).

If an electric range exceeds 12 kW, the maxi-
mum demand of 8 kW in Column C must be in-
creased 5% for each kW or major fraction thereof 
that the rating exceeds 12 kW. For example, an 
electric range has a rating of 13.7 kW. �is exceeds 
12 kW by 1.7 kW which is considered 2 kW for 
the purposes of the calculation. �e 8 kW demand 
factor in column C is increased 5% for each kW or 
major fraction thereof or 10%. �e value of 8000 
watts plus 10% or 8800 watts is used in the load 
calculation.

Minimum Size of Grounded 
( eutral) Ser ice Conductor
�e minimum size of the grounded (neutral) con-
ductor for our service-entrance or service-lateral 
conductors is determined by NEC 220.61. �e 
method of calculating the current on the ground-
ed service-entrance conductor applies to both the 
standard and optional calculation methods. �e 
purpose of this calculation is to determine the 
maximum net unbalance of the load from the un-
grounded conductors to be carried by the neutral 
conductor.

It is common practice for electricians to con-
nect line-to-neutral loads alternately between the 
two ungrounded (hot) conductors and the neutral 
conductor. �is will result in the line-to-neutral 
loads being fairly equally balanced between the 
ungrounded (hot) conductors. If the loads could 
be exactly balanced, no current would flow on the 
neutral conductor. If one of the ungrounded (hot) 
conductors should fail for any reason, the neutral 
would then carry all the line-to-neutral loads from 
the other ungrounded conductor.

As can be readily seen in figure 2.6, the neu-
tral conductor will carry only the difference in the 
loads of two ungrounded circuits connected on 
opposite phases of a single-phase system.

Adding all the neutral loads together at 120 
volts and dividing the total by 240 volts is the 
most practical method of determining the maxi-
mum net unbalanced current on the neutral con-
ductor. �at is the method employed in this text. 
�is method is shown in many of the examples 
in Informative Annex D of the NEC where the 
120-volt loads, such as for general lighting, small 
appliance and laundry branch circuits, are totaled 
and divided by 240 volts to determine the net neu-
tral conductor load.

A panelboard schedule showing line-to-neu-
tral loads can be used, where it is available, for 
determining the maximum unbalanced load. �is 
method is shown in Example D1(b) in Informa-
tive Annex D and may result in slightly more ac-
curate neutral load calculations. 

Our examples of the load calculations using the 
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general method show an application of the 75% de-
mand factor for dwelling unit appliance load for four 
or more appliances as permitted in NEC 220.53 to 
the neutral load as well as to the ungrounded (hot) 
conductors. It is only logical that the same 75% de-
mand factor should be allowed for the correspond-
ing neutral conductors. �e demand factor assumes 
that not all the appliances are likely to operate at 
the same time. (�is 75% demand is not applied to 
the neutral conductors for the optional load calcu-
lation method as the demand factor is not applied 
to the ungrounded [hot] conductors in the optional 
method.) �ere are also rules in NEC Article 250 
that pertain to the minimum size of the grounded 
(neutral) conductor.

NEC 250.24(C)(1) requires that the ground-
ed service conductor (neutral conductor) not be 
smaller than required by NEC Table 250.102(C)
(1) for grounding electrode conductors. After per-
forming the load calculation in compliance with 
NEC 220.61, one should compare the results with 
values given in NEC Table 250.102(C)(1). �e 
larger of the conductors required by the calcula-
tion or Table 250.102(C)(1) must be used.

�e size of the largest ungrounded service-en-
trance conductor is used in the application of Table 
250.102(C)(1), not the rating of the overcurrent 
device as is used in NEC Table 250.122. Follow 

down the column containing the sizes of 
service-entrance conductors and go across 
the table to find the minimum size of the 
grounded service conductor required. �is 
will assure that the grounded service con-
ductor will be large enough to carry any 
fault current back to the source.

For a feeder or service supplying 
household electric ranges, wall-mounted 
ovens, counter-mounted cooking units 
and electric dryers, the maximum unbal-
anced load shall be considered as 70% of 
the load on the ungrounded conductors, 
as determined in accordance with NEC 
Table 220.55 for ranges and NEC Table 
220.54 for dryers. �is is the reason the 
load calculation usually shows a 70% val-

ue from the Table 220.55 value of 8,000 kW for 
up to 12 kW ranges or 5,600 kW rather than 70% 
of the nameplate rating. Calculating the size of the 
grounded (neutral) conductor based on 70 percent 
of the size of the nameplate rating is permitted, 
but this will result in a larger size conductor.

A further demand factor of 70% is permitted for 
that portion of the unbalanced load in excess of 
200 amperes. No reduction of the neutral capacity 
is permitted for that portion of the load that con-
sists of 2-phase wires and the neutral of a 4-wire, 
3-phase, wye-connected system. �is arrangement 
is sometimes used for apartment complexes that 
are supplied by two ungrounded phase conductors 
and a neutral from a 4-wire, 3-phase system. In this 
case, the neutral will carry approximately the same 
current as the ungrounded phase conductors and 
cannot be reduced in size [NEC 310.15(B)(5)(b)].

Noncoincident Loads
Loads that will not operate at the same time are 
treated as noncoincident loads.

Where it is unlikely that two dissimilar loads, 
such as heating and cooling loads, will operate at 
the same time, it is permitted to omit the smaller 
of the two loads when performing load calcula-
tions (NEC 220.60).

You should check with your electrical inspector 

Figure 2.6. rounded (neutral) ser ice conductor carries unbalance 
load from underground (hot) conductors
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for the local interpretation of this rule as it ap-
plies to motor loads. NEC 430.24 requires the 
application of 25% of the largest motor to the load 
calculation. An example is a dwelling that has 
both electric heating and air-conditioning loads, 
and the heating is the larger of the two loads. �is 
means the air-conditioning load can be disre-
garded as far as the load calculation is concerned. 
However, the air-conditioner compressor motor 
is still connected to the system and will almost 
always be the largest motor. Some inspection au-
thorities require its use. Others interpret the rule 
that the air-conditioning motor need not be con-
sidered at all if it is the smaller of the heating and 
air-conditioning load.

Logic dictates that if the air-conditioner com-
pressor motor load is the smaller of the two loads 
it can be disregarded in the load calculation. �en 
the next largest motor is selected as the “largest” 
motor as far as application of the 25% of the larg-
est motor load is concerned.

Optional Calculation
It is permitted to calculate the feeder and service load 
for a dwelling unit having service-entrance or feeder 
conductors rated 100 amperes or more according to 
NEC 220.82 rather than the standard method under 
Part II of Article 220. As previously stated, the op-
tional method will usually result in a load calculation 
that is less than the standard method.

equirements Specific to the 
ptional ethod Calculations

As mentioned earlier in this chapter, several el-
ements of load calculations are identical for cal-
culations performed under the standard and op-
tional methods. Several conditions are found in 
NEC 220.82 that must be complied with before 
the load calculations for the optional method are 
permitted. �ose conditions include the following:

1. �e dwelling unit must be served by a single 
3-wire service or feeder.

2.  �e voltage must be 120/240 (single-phase) 
or 208 Y/120 (two ungrounded and one 
grounded conductor).

3. �e service or feeder conductors must have 
an ampacity of 100 amperes or greater.

4. �e nameplate rating must be known of all 
appliances that are fastened in place, per-
manently connected, or located to be on a 
specific circuit (ranges, wall-mounted ovens, 
counter-mounted cooking units, clothes 
dryers and water heaters, etc.).

5. �e nameplate ampere or kVA rating must 
be known of all motors, all low-power-fac-
tor loads and of all heating and air-condi-
tioning equipment.

6. It is permitted to use the methods in 220.61 
for calculating the load on the service or 
feeder neutral conductor. �is is the method 
we have followed in our calculations.

ther ptional Calculation 
Factors
Some load factors for optional calculations are 
identical to standard calculation methods while 
others are unique to the optional method. To uti-
lize the optional method for calculation, the gen-
eral calculated load shall be not less than 100% of 
the first 10 kVA plus 40% of the remainder of the 
following loads.

�e loads to be included as general loads are iden-
tified in NEC 220.82(B) and include the following: 

1. 1500 volt-amperes for each 2-wire, 20-am-
pere small appliance branch circuit and each 
laundry branch circuit as specified in NEC 
210.11(C)(1) and (C)(2).

2. �ree volt-amperes per sq. ft.2 (33 sq. m2) 
for general lighting and general-use recep-
tacles. �e floor area for each floor is cal-
culated from the outside dimensions of the 
dwelling unit. �e calculated floor area does 
not include open porches, garages, unused 
spaces, or spaces that are not adaptable for 
future use.

3. �e nameplate rating of all appliances that 
are fastened in place, permanently connect-
ed, or located to be on a specific circuit (rang-
es, wall-mounted ovens, counter-mounted 
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cooking units, clothes dryers that are not 
connected to the laundry branch circuit, and 
water heaters, etc.).

4. �e nameplate ampere or kVA rating of all 
motors and low-power-factor loads.

�ese loads are subject to a demand factor of 
100% of the first 10 kVA (10,000 VA) and 40% of 
the remainder.

To this result, add the largest of heating and 
air-conditioning loads from 220.82(C). Only the 
largest load of the following six selections is re-
quired to be included:

1. 100% of the nameplate rating(s) of the 
air-conditioning and cooling equipment, 
including heat pump compressors 

2. 100% of the nameplate ratings of the heat 
pump when the heat pump is used without 
any supplemental electric heating.

3. 100% of the nameplate rating(s) of the heat 
pump compressor and 65% of the supple-
mental electric heating for central space 
heating systems. If the heat pump compres-
sor is prevented from operation at the same 
time as the supplemental heat, it does not 
need to be added to the supplemental heat 
to determine the total space heating load.

4. 65% of the nameplate rating(s) of electric 
space heating equipment if less than four 
separately controlled units.

5. 40% of the nameplate rating(s) of electric 
space heating equipment if four or more 
separately controlled units.

6. 100% of the nameplate ratings of electric ther-
mal 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 figured under 
any other selection in NEC 220.82(C).

Heat Pump Loads
Example D2(c) in Annex D of the NEC provides 
guidance on the application of the rules for cal-

culating heat pump loads where supplementary 
strip or backup resistance heat is provided. If the 
two loads are not on at the same time, the smaller 
load can be ignored as far as load calculations are 
concerned. If supplementary heat is not on at the 
same time as the heat pump and it is the largest 
load, the heat pump kVA is not required to be 
added to the total.

Be certain to consult the control diagram or 
operating characteristics of the heat pump ther-
mostat, of which many are of the two-stage type. 
�e first stage calls for the heat pump to run and 
bring the heated space up to temperature. Where 
the temperature difference between the heated 
space and the thermostat setting is more than a 
degree or two, the thermostat calls the second 
stage (the resistance strip heaters) to operate. Re-
sistance heaters will operate until the space nears 
the desired temperature, and the thermostat opens 
the control circuit to the heaters. �e heat pump 
will continue to run until the desired temperature 
is reached.

In colder climates, it is common for heat pump 
compressors to be “locked out” by an outdoor 
thermostat when the temperature reaches a point 
where the heat pump cannot produce heat effec-
tively from the colder air. In more moderate tem-
peratures, the heat pump compressor and supple-
mental strip heaters will operate at the same time.

It is also common for the strip heaters to operate 
at the same time as the heat pump during periods 
when the heat pump is in a defrost cycle as well 
as when the thermostat is calling for heat after a 
setback period.

As can be seen, it is most common for heat 
pumps and supplementary backup strip heaters 
to operate at the same time. As shown in Ex-
ample No. D2(c) of NEC Informative Annex D, 
the compressor and strip heater loads are added 
together. �e compressor is subject to a 100% de-
mand factor. A 65% demand factor is applied to 
the strip heaters. If the heat pump does not have 
strip heaters, it is considered at 100% to deter-
mine the largest of the six loads as shown in NEC 
220.82(C).
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We will assume the heat pump and 
strip heaters operate at the same time and 
will include both loads using the method 
required by NEC 220.82(C)(3).

Calculating the oad for a 
Two-Family Dwelling
Trade practice is to supply the service 
equipment for a two-family dwelling 
through a common mast or through a 
common service lateral. Where this is 
done, a duplex meter base is common-
ly installed. A calculation must be per-
formed to determine the minimum size 
of service-entrance or service-lateral con-
ductors required to supply the common 
loads (see figure 2.7).

�e Code allows the service or feeder load to 
each dwelling unit of a two-family dwelling to 
be calculated using more than one method. Since 
NEC 230.40 requires that each service drop or 
lateral supply only one set of service-entrance 
conductors, it is important these rules be clearly 
understood. An exception permits one set of ser-
vice-entrance conductors for each occupancy of a 
building having more than one occupancy, such as 
a two-family dwelling.

�e load calculation methods permitted include 
the following:

1. A standard calculation of both feeders and 
service-entrance and service-lateral con-
ductors. In this case, demand factors are 
applied to the individual service and ser-
vice-entrance or service-lateral conductors. 
For example, the entire square-foot area 
to be served, four small appliance circuits 
and two laundry circuits are included and 
demand factors applied. Also, the demand 
factor for two electric ranges in NEC Table 
220.55 is applied. Standard Load Calcu-
lation (SLC), Example 2 of this chapter 
illustrates the standard load calculation for 
a new two-family dwelling unit.

Figure 2.7. Calculating si e of ser ice-entrance conductors supplying 
a two-family dwelling

2. An optional calculation of feeders to the in-
dividual dwelling units, according to NEC 
220.80, is performed, and a standard calcu-
lation of service-entrance and service-later-
al conductors, according to Part III of NEC 
Article 220, is performed.

3. An optional calculation for a new service 
on an existing two-family dwelling is per-
formed under NEC 220.83.

We have provided two examples. First, the load 
calculation for the two dwelling units is performed 
using the standard load calculations of Part III 
of NEC Article 220. Next, the calculation is per-
formed using the optional method permitted under 
NEC 220.82. We have not provided an example of 
the optional method permitted by NEC 220.83, 
Existing Dwelling Unit. See Chapter 16 for addi-
tional information on calculating services for exist-
ing dwelling units.

�e total floor area of both units is calculated 
in the same fashion as for one-family dwellings. 
Non-habitable portions of the building are not 
included. Two of every load is assumed except for 
small appliance circuits, where four are assumed. 
�e total nameplate load of appliances that are fas-
tened in place, permanently connected, or located 
to be on a specific circuit, ranges, wall-mounted 
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ovens, counter-mounted cooking units, clothes 
dryers, water heaters and space heaters in both 
units is included.

Where standard calculations of both dwelling 
unit feeders and the service-entrance or lateral 
conductors are used, up to three calculations may 
be required. If the dwelling units are the same size 
and have identical electrical equipment, two calcu-
lations are performed. One calculation is made for 
supply to the dwelling units. Another calculation 
is for the service-entrance or lateral conductors 
that supply the total load to the building. If the 
dwelling units are of different sizes or contain a 
differing assortment of electrical equipment, three 
calculations are required; one for each dwelling 
unit and a third for the service-entrance or ser-
vice-lateral conductors.

Where two dwelling units are supplied by a sin-
gle feeder and the calculated load under Part III 
of NEC Article 220 (standard calculation) exceeds 
that for three identical units calculated under NEC 
220.84, the lesser of the two loads is permitted to 
be used (NEC 220.85).

Optional calculations are not permitted to be 
used for both feeders and service-entrance con-
ductors. To some extent, this would be considered 
applying demand factors twice to the same load. 
However, the optional calculations can be used for 
the feeder conductors to the individual units and 
the standard calculations for the service-entrance 
conductors (see optional calculations applicable to 
the feeder and standard calculations applicable to 
the service-entrance conductors).

For the purposes of these calculations, we will 
assume the following loads in each dwelling unit:

1. an area of 1200 square feet not counting 
open porches, garages, or unused or unfin-
ished  spaces not adaptable for future use,

2. laundry equipment,
3. one, 10.7 kW electric range,
4. one, 4.5 kW electric clothes dryer,
5. one, 4.5 kW electric water heater,
6. one, 1.5 kW dishwasher,
7. one, 1/2 hp waste disposal, 
8. two exhaust fans, 120 VA each, and…

9. one, 9.8 kW electric heat
10. one, AC unit with 20 RLA compressor plus 

1.4 A fan motor, 240-volts

See “Standard Load Calculations – Two-Family 
Dwelling Unit” example worksheet.

PA T   Calculation and 
Si ing equirements of the 
International Residential Code 

General
�is part of Chapter 2 looks at the requirements 
for sizing service equipment, service-entrance 
conductors, and feeder conductors using the rules 
in the International Residential Code 2018(IRC). 
A couple of important provisions to look at are 
the scope and applicability of the IRC. It should 
be noted that the provisions of IRC Chapters 34 
through 43 are intended to apply to wiring meth-
ods and materials most commonly encountered in 
the construction of one- and two-family dwellings. 
Wiring methods beyond those specifically covered 
in the IRC are required to follow the applicable 
requirements covered in NFPA 70 (IRC E3401.1, 
E3401.2).

Services within the scope of the IRC are lim-
ited to 400-ampere, single-phase, 120/240-volts. 
Any services beyond that limitation are required 
to comply with the applicable provisions of NFPA 
70 (IRC E3401.2, E3401.3).

Service equipment is required to be listed, and 
must bear the label of a qualified electrical test-
ing laboratory. �is equipment is to be installed 
in accordance with the manufacturer’s installation 
instructions (IRC E3403.3).

�e IRC requires a dwelling unit to be provided 
with one service; no exceptions or alternatives per-
mit additional services (IRC E3601.2).

atings of the Service Equipment 
and Conductors
�e minimum ampere rating of a service discon-
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nect and the ungrounded service con-
ductors for a single-family dwelling shall 
not be smaller than 100 amperes (IRC 
E3602.1). �e minimum short-circuit 
current rating for the service equipment 
is required to be not less than 10,000 
amperes. �is is common among the 
service equipment available for use to-
day. �e equipment must be marked to 
identify it as being suitable for use as 
service equipment.

Definitions
�e definitions included at the begin-
ning of Chapter 2 are also applicable 
to this part of the chapter. Chapter 35 
of the IRC includes the definitions of words and 
terms that are derived from the NEC. Where terms 
are not defined within Chapter 35, they could be 
defined within IRC Section R202. One example 
of a difference between IRC and NEC definitions 
is the word building. It is defined in Section R202 
of the IRC as follows: “Building shall mean any 
one- and two-family dwelling or portion thereof, 
including townhouses, that is used, or designed 
or intended to be used for human habitation, for 
living, sleeping, cooking or eating purposes, or any 
combination thereof, and shall include accessory 
structures thereto.” 

Service Load Calculation
Many of the requirements contained in the IRC
are expressed in tabular form. In other words, 
the requirements are provided in tables instead 
of text in paragraphs or sections. �e rules are 
generally the same as contained in the NEC. �e 
IRC requires the calculation for the load on the 
ungrounded service conductors and devices that 
serve 100% of the dwelling to be calculated in ac-
cordance with the methods expressed in IRC Table 
E3602.2 (IRC E3602.2). �e rules and methods 
of calculating service conductor sizes contained 
within this table are identical to the requirements 

found in Chapter 2 of the NEC for optional feeder 
and service load calculations. Feeders that do not 
supply 100% of the dwelling unit load must follow 
the calculation requirements for feeders found in 
Chapter 37 of the IRC. Essentially ten steps are 
included in IRC Table E3602.2. A closer look at 
application of IRC Table E3602.2 is in order here.

�e following shall be added together for the 
start of the calculation.

1. �e general lighting load for the dwelling 
unit is required to be based on 3 volt-am-
peres per square foot of habitable area (from 
NEC Table 220.12).

2. 1,500 volt-amperes are required for each 
small appliance and laundry circuit. (Sec-
tion E3703.2 requires a minimum of two 
20-ampere branch circuits for the kitchen 
and Section E3703.3 requires a 20-ampere 
circuit for the laundry.)

3. �e nameplate volt-ampere rating of all ap-
pliances fastened in place, permanently con-
nected, or dedicated circuit-supplied appli-
ances such as ranges, dryers, ovens, cooking 
units, and water heaters.

�e first step is to add items 1 through 3 above 
together. �en the applicable demand factors 

Photo 2.5. Typical two-family dwelling ser ice lateral supplying a two-
gang meter ban  with dwelling ser ice equipment and panelboards 
inside the building bac -to-bac  with the meter enclosures for each 
dwelling
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in the table may be applied. Minimum load in 
the calculation shall be 100% of the first 10,000 
volt-amperes of the sum of the above, plus 40% of 
any portion of the remainder of volt-amperes in 
excess of 10,000.

After the above steps have been completed, the 
largest of each of the following loads is to be add-
ed into the calculation.

1. �e nameplate rating of air-conditioning 
and cooling equipment, including heat 
pumps

2. �e nameplate rating of electric thermal 
storage and other heating systems where the 
usual load is expected to be continuous at 
the full nameplate value. (Systems qualify-
ing under this selection are not permitted to 
be figured into any other category in Table 
E3602.2).

3. 65% of the nameplate rating of central elec-
tric space-heating equipment, including any 
supplemental integral heating used with 
heat pump systems.

4. 65% of the nameplate rating(s) of electrical 
space-heating units, if less than four sepa-
rately controlled units.

5. 40% of the nameplate rating(s) of electrical 
space-heating units of four or more sepa-
rately controlled units.

�e minimum total load in amperes is required 
to be the total of the volt-amperes based on all 
of the above and divided by 240 volts. Refer to 
IRC Table E3602.2 for specific language in the 
Code and procedures for the calculation. It should 
be emphasized that the above calculation meth-
ods are required for determining the anticipated 
amount of calculated load to be applied to the 
service. �e actual sizing for the service and feeder 
conductors is covered in the next section.

Service and Feeder Conductor 
Sizing
Once the calculation is performed using the rule 
found in IRC E3602.2, the minimum service and 
service-entrance conductor sizes can be determined 

by using IRC E3603.1 and IRC Table E3705.1. �e 
minimum grounding electrode conductor sizes are 
provided in IRC Table E3603.4. So it can be sum-
marized to this point that the minimum size ser-
vice for a one-family dwelling is 100 amperes. �e 
calculation in accordance with IRC E3602.2 and 
Table E3602.2 establish the minimum size needed 
beyond the 100-ampere level. Once a service size 
has been established, IRC E3603.1 establishes the 
minimum sizes for the service-entrance conductors 
or the main power feeder. �ese are the same re-
quirements of NEC 310.15(B)(7). For example, if 
a calculated load on the service ended up requiring 
251 amperes, this would require a 300 ampere rated 
service. IRC E3603.1.1 would permit an 83 percent 
reduction ratio to be applied to the 300 ampere 
service rating (300 A x .83 = 249 amperes). Using 
IRC Table E3705.1, this revised 249 ampacity cal-
culated load would required a minimum size copper 
service-entrance conductor of 250 kcmil using the 
75°C column and THWN type insulated conduc-
tors. Referring to IRC Table E3603.4, the copper 
grounding electrode conductor for the 250 kcmil 
copper service-entrance conductors would need  to 
be not smaller than 2 AWG copper. �e note as-
sociated with the superscript “f ” at the bottom of 
Table E3603.4 allows the grounding electrode con-
ductor sizing to be not larger  than 6 AWG copper 
or 4 AWG aluminum for a ground rod system or 
4 AWG copper for a concrete-encased electrode 
where it is the sole connection to these types of 
grounding electrodes (see notes to Table E3603.4).

Minimum Size of Grounded 
( eutral) Conductor
As with the NEC, the minimum size of the 
grounded (neutral) conductor for the service is 
required to carry the maximum unbalanced re-
turn neutral load current, and in no case can this 
conductor be smaller than the required grounding 
electrode conductor sizes specified by IRC Table 
E3603.4. �e superscript notes at the bottom of 
this table are applicable to only the grounding 
electrode conductor and are not to be used at all 
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for the minimum sizing of a grounded or 
neutral conductor at the service. Sizing 
of the grounded conductor shall not be 
smaller than specified by IRC E3704.3.

Service Conductors for 
Accessory uildings
Sometimes service-entrance conduc-
tors are installed to supply additional 
buildings on residential property used 
for other than human habitation, such 
as detached garages and workshops. 
�e IRC includes minimum sizing re-
quirements for the service conductors 
that supply such accessory buildings or 
structures. �e basic rule requires those 
service-entrance conductors have a minimum 
ampacity of 60 amperes and be sized as required 
by Chapter 37 on feeders. Two exceptions to the 
base requirement of 60 amperes allow an 8 AWG 
copper or 6 AWG aluminum for loads consisting 
of not more than (2) two-wire circuits or 12 AWG 
copper or 10 AWG aluminum for a single branch 
circuit (IRC E3603.2).

Overload Protection
As in the requirements of the NEC, the IRC also 
requires each ungrounded service-entrance con-
ductor to be provided with overload protection 
(IRC E3603.3). �is is usually in the form of a 
main breaker or fusible switch in the service equip-
ment. It is provided to limit the load on the ser-
vice-entrance conductors. Bear in mind that this 
is overload protection and the service-entrance 
conductors on the line side (often the meter side) 
of the fuses or circuit breaker are usually without 
overcurrent protection other than what exists on 
the primary side of the serving utility transformer. 
�e IRC requires an overcurrent protective device 
in series with each ungrounded service conductor 
and that it not be rated higher than the provisions 
provided in IRC E3603.1. In other words, if one 
intends to build a 300-ampere service for the dwell-

Photo 2.6. Typical ser ice equipment at a dwelling ready for an 
inspection

ing, the size of the service-entrance conductors, the 
grounding electrode conductor and the overcurrent 
protection are all mandated to the minimum siz-
es specified in IRC E3603.1. Overcurrent devices 
are not permitted to be inserted in the grounded 
conductor, except circuit breaker types that open all 
conductors including the grounded circuit conduc-
tor (IRC E3603.3.2; see figure 2.5).

Feeder Calculations
Feeder and branch-circuit conductor sizing is 
covered in IRC Chapter 37 covering branch cir-
cuits and feeders. IRC Tables E3704.2(1) and 
E3704.2(2) are used for calculations of feeders 
and branch circuits.

References
1National Electrical Code and NEC are registered trade-marks of 

the National Fire Protection Association, Inc., Quincy, MA 02169. 

�is reprinted material is not the official position of the National Fire 

Protection Association, which is represented only by the standard in 

its entirety.

2International Residential Code for One- and Two-Family 
Dwellings (2018). Copyright © International Code Council, 
Inc., June 2017.
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1. Computation for all required branch circuits 
for the general lighting load in one- and two-fam-
ily dwelling units is determined by using a unit 
load of_____ volt-amperes per square foot.

A. 2
B. 3
C. 4
D. 5

2. General use receptacle outlets, rated at ____ 
amperes or less, are considered as outlets for gen-
eral illumination and are permitted to be included 
in the general lighting load.

A 15
B. 20
C. 25
D. 30

3. At least two ____ ampere small appliance 
branch circuits are required to be installed for the 
supply to receptacle outlets only in a kitchen, pan-
try, breakfast room, dining room, or similar area.

A.   15
B.   20
C.   25
D.   30

4. One ___ ampere laundry branch circuit is re-
quired to be installed for the supply of the laundry 
outlet(s).

A.   15
B.   20
C.   25
D.   30

5. Appliance and laundry branch circuits are 
required to be calculated at _____ volt-amperes 
each.

A. 1200
B.   1300
C.   1400
D.   1500

6. “�e circuit conductors between the final 
overcurrent device protecting the circuit and the 
outlet(s),” defines a branch circuit.

True _____ False _____ 

7. Small-appliance or appliance branch circuits 
are not permitted to have any permanently con-
nected luminaires that are not a part of an appli-
ance.

True _____ False _____

8. An individual branch circuit supplies only one 
piece of utilization equipment.

True _____ False _____

9. “All circuit conductors between the service 
equipment or the source of a separately derived 
system and the final branch-circuit overcurrent 
device,” defines a feeder.

True _____ False _____

10. For uniform application of NEC Arti-
cles 210, 215 and 220, a nominal voltage of 120, 
120/240, 240 and 208Y/120-volts is required to 
be used for computing the ampere load on the 
conductor.

True _____ False _____

Questions
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11. �e load for a household electric clothes 
dryer in a dwelling unit must be _____ watts 
(volt-amperes) or the nameplate rating, whichever 
is larger.

A.   3000
B.   4500
C.   5000
D.   8000

12. �e minimum allowable number of 120-
volt, 15-ampere, 2-wire general lighting branch 
circuits required for a residence with a calculated 
floor area of 21 m by 9 m (70 ft by 30 ft) is:

A.   2
B.   3
C.  4
D.  5

13. It is required that 1500 VA be added to the 
calculated load for a dwelling for the 20-ampere 
branch circuit required to serve bathroom recep-
tacles.

True ______ False _____

14. For dwelling units, the calculated floor area 
shall not include any of the following EXCEPT:

A.   open porches
B.   garages
C.   unfinished spaces
D.   closets

15. Where two dwelling units are supplied by 
a single feeder and the calculated load under Part 
III of NEC Article 220 (standard calculation) 
exceeds that for three identical units calculated 
under NEC 220.84, the lesser of the two loads is 
permitted to be used.

True ______ False _____

16.  For a service or feeder rated 100 through 
400 A, the service or feeder conductors supply-
ing the entire load associated with a one-family 
dwelling, or the service or feeder conductors sup-
plying the entire load associated with an individ-
ual dwelling unit in a two-family or multifamily 
dwelling, are permitted to have an ampacity not 
less than ___________ percent of the service or 
feeder rating.

A.   25
B    43
C.   72
D.   83
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Chapter 3

Cabinets, Panelboards,
and Meter Socket
Enclosures

This chapter focuses on installation and 
construction requirements for cabinets, 
meter socket enclosures, and panelboards 

covered by the Code. It includes general require-
ments relative to panelboards, meter sockets and 
combination equipment.

A cabinet is an enclosure that is designed for ei-
ther surface mounting or flush mounting. A cabi-
net is provided with a frame, mat or trim in which 
a swinging door or doors are, or can be, hung.

A panelboard is a single panel or group of panel 
units designed for assembly in the form of a single 
panel. It includes supply buses and overcurrent de-
vices. A panelboard may be equipped with switch-
es for the control of light, heat, or power circuits. 

A panelboard is designed to be placed in a cabi-
net or cutout box that is mounted on or in a wall, 
partition or other support. Access to a panelboard 
is only from the front (NEC Article 100 or IRC 
Chapter 35).

�e terms meter socket or meter pedestal are 
not defined by the Code. �e meter socket or 
pedestal is a cabinet that contains the appara-
tus for mounting the meter and terminating the 
service-lateral and service-entrance conductors. 
A meter socket is normally used in conjunction 
with an overhead service. It can be used with 
underground services. A meter socket intended 
for use with an underground service will have a 
cabinet that is wide enough to permit two con-
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duit entries through the bottom wall. 
Meter pedestals are common installa-
tions with an underground service. 

A meter pedestal is built with an aux-
iliary gutter on the bottom side. �e bot-
tom of the pedestal is open. �e gutter 
space is used to both route and protect 
the service-lateral conductors as they 
leave the ground for termination in the 
pedestal. Meter sockets are normally 
evaluated and approved by the servicing 
utility. �e utility may list the approved 
metering equipment by manufactur-
er and model number in order to en-
sure their meter is compatible with the 
socket. Consult your utility’s rule book 
for additional information on approved 
types of metering equipment.

Cabinets Installed in Damp and 
Wet Locations
In damp and wet locations, surface-type cabinets 
and meter socket enclosures must be installed so 
that moisture or water will not enter and accumu-
late within the enclosure. A clearance of 6 mm (¼ 
in.) air space is required between any metal en-
closure and the wall or other supporting surface 
[NEC 312.2 or IRC E3907.2]. Enclosures that 
are manufactured for these locations typically have 
this offset feature built in. Cabinets or meter sock-
et enclosures installed in wet locations must be de-
signed or otherwise protected so that exposure to 
the weather will not interfere with their successful 
operation. Restricting the entry of water helps 
protect the internal parts. Raceways and cables 
that enter the cabinet above the level of uninsu-
lated live parts require special termination fittings. 
�ese fittings must be listed for wet locations and 
include sealing-type washers and bushings, hubs, 
and terminal adapters suitable for wet locations.

Cabinets installed in walls of concrete, tile, or 
other noncombustible material must have their 
front edge recessed not more than 6 mm (¼ 
in.) from the finished surface. Where installed 

in wooden walls or other combustible material, 
cabinets must be flush with the finished surface 
or project out from the surface. Finished surfaces 
such as plaster, drywall or plasterboard that are 
broken out or incomplete have to be repaired. �e 
maximum permitted gap around or surrounding 
the cabinet and the finish surface is 3 mm ( ⅛ in.) 
for cabinets that have a flush-type cover (NEC 
312.3 and 312.4 or IRC E3907.2, E3907.3 and 
E3907.4).

Unused knockout openings in cabinets or me-
ter socket enclosures must be effectively closed 
to provide protection substantially equivalent to 
that of the wall of the cabinet or meter socket 
enclosure. �is does not include unused openings 
intended for the operation of equipment, those 
intended for mounting purposes, or those permit-
ted as part of the design for listed equipment. An 
unused opening above the level of live parts must 
be sealed using a device suitable for wet locations 
(see photo 3.2).

Where a metal plug or plate is used with non-
metallic cabinets or meter socket enclosures, it 
is required to be recessed at least 6 mm (¼ in.) 
from the outer surface.

Conductors entering cabinets or meter sock-
et enclosures are required to be protected from 

Photo 3.1.  Cabinets and enclosures mounted in wet locations must be 
mounted with a clearance of 6 mm (¼ in.) air space is required between 
enclosure and the wall or other supporting surface



Chapter  3 — Cabinets, Panelboards, and Meter Socket Enclosures   75

abrasion. All openings through which conductors 
enter must be adequately closed. Where cable is 
used, each cable assembly is generally required to 
be secured to the cabinet with fittings and connec-
tors specifically listed for the wiring method used 
[NEC 312.5(C) or IRC E3907.8].

�e exception to this rule applies only to cables 
with entirely nonmetallic sheaths. Such cables are 
permitted to enter the top of a surface-mounted 
enclosure through one or more nonflexible race-
ways. �e raceway is required to have a minimum 
length of 450 mm (18 in.) and a maximum length 
of 3.0 m (10 ft). Additional conditions for this 

alternative cable installation method are 
as follows:
1. Each cable must be fastened within 

300 mm (12 in.) of the outer end of 
the raceway. Measurement is made 
along the cable sheath.

2. Raceway extends directly above the 
enclosure and does not penetrate a 
structural ceiling.

3. A fitting is provided on each end of 
the raceway to protect the cable(s) 
from abrasion. Listed nonmetal-
lic fittings may be used without a 
bushing to meet this requirement. 
�e fitting must remain accessible 
after the installation is complete.

4. Raceway is sealed or plugged at the 
outer end. �e sealing material must 
be approved (acceptable to the elec-
trical inspector). Electrical sealing 
putty (duct seal) or similar material 
can be used provided it is installed so 
as to prevent access to the enclosure 
through the raceway. A proper seal 
will prevent foreign material from 
contaminating the live parts con-
tained within the enclosure.

5. Cable sheath is continuous through 
the raceway and extends at least 6 
mm (¼ in.) beyond the end of the 
fitting connected to the enclosure.

6. Raceway is fastened at its outer end 
and at other points in accord with 
the requirements for that type of 
raceway.

7. Where installed as conduit or tub-
ing, allowable cable fill does not ex-
ceed that permitted by the Code for 
complete conduit or tubing systems.

�is requirement is illustrated as follows using 
NEC Chapter 9, Tables. �ree (3) 12-2 AWG 
and two (2) 10-2 AWG Type NM cables are to 
be routed through a raceway that is longer than 
600 mm (24 in.). �e required minimum size 
conduit is determined as follows:

Figure 3.1.  In damp or wet locations, raceways or cables enclosures 
abo e li e parts must use fittings listed for wet locations

Photo 3.2.  Meter enclosure knockout sealing device
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Assume the 12-2 AWG cable has a 
dimension of 6 mm (¼ in.) x 13 mm (½ 
in.) and the 10-2 AWG cable has a di-
mension of 8 mm (5/16 in.) x 16 mm (5/8 
in.) Note 9 to Table 1 of NEC Chapter 9 
would require “For cables that have ellipti-
cal cross sections, the cross-sectional area 
calculation shall be based on using the 
major diameter of the ellipse as a circle di-
ameter.” Since it is necessary to determine 
the minimum size conduit or tubing for 
the number of cables to be installed, the 
area of the cables must be determined then 
compared to the maximum allowable fill 
for the conduit or tubing in NEC Chap-
ter 9, Table 4. Table 1 of NEC Chapter 9 
permits one wire (cable) to fill a raceway to 
not more than 53% of its area, up to 31% 
for two wires (cables), and up to 40% for 
more than two wires (cables).

A metric designator 103 (4 trade size) 
EMT is required as a minimum for this 
group of cables. Refer to Table 3.1 for 
the area in square inches for common 
Type NM cables. (Dimensions are from 
actual measurements of cable samples. 
Verify actual dimensions of your cable.)

Ampacities of multiple cable assemblies 
installed in a common raceway must be 
adjusted where there are more than three 
current-carrying conductors. NEC Table 
310.15(B)(3)(a) and IRC Table E3705.3 
list the adjustment factors for more than 
three current-carrying cables in a raceway 
or cable. Correction factors do not apply 
to conductors in short chase nipples, provided the 
length of the chase nipple does not exceed 600 mm 
(24 in.). Correction factor requirements are covered 
in greater detail in Chapter 1 of this text [NEC 
310.15(B)(3) or IRC E3705.3].

Wire Bending Space at Terminals
Conductors at terminals or conductors entering 
or leaving enclosures must be installed so that 

adequate wire bending space at each terminal is 
provided [NEC 312.6(B) or IRC E3907.9]. �is 
allows connections to be made to terminals with-
out damaging the terminal or conductor insula-
tion. �e larger the conductor, the stiffer it is and 
more difficult to bend to make connections; thus, 
the more wire-bending space is required.

�e Code requires that equipment and materials 
be installed in a neat and workmanlike manner. 
�is includes a manner that does not cause dam-

Figure 3.2. Locations of electrical enclosures relative to wet locations 
in relation to combustible and noncombustible surfaces

Figure 3.3 Bundled cables are permitted to enter enclosures without 
being indi idually secured to the cabinet under certain specific 
conditions.
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age to conductors terminating inside cabinets or 
other enclosures. For this reason, the Code requires 
cabinets to be provided with back wiring spaces, 
gutters, or wiring compartments [NEC 312.9, 
312.11(C) and (D) or IRC E3907.9]. �is re-
quirement applies to cabinets that contain devices 
connected within the cabinet to more than eight 
conductors. �e conductors include those associ-
ated with branch and feeder circuits, and meter 
loops, but do not include the supply circuit con-
ductors [NEC 312.11(C) or IRC E3907.9].

�e Code requires that such cabinets have side 
or gutter spaces that are sized to meet NEC 312.6. 
�e width of the space is determined by the antic-
ipated method; a conductor will enter the cabinet 
and be routed to the intended terminal. Two op-
tions are possible: straight through the wall and 
directly into the terminal, or through the wall and 
then deflected prior to entering the terminal.

Table 3.1  Square inches for common Type NM cables

Where the conductor does 
not enter or leave the enclo-
sure through the wall opposite 
its terminal, the Code requires 
a minimum amount of wire 
deflection space (wire bend-
ing space).�is is provided 
in accordance with NEC Ta-
ble 312.6(A) or IRC Table 
E3907.9.1(2). �is conductor 
will be deflected, usually at 
least 90 degrees, before being 
connected to its terminal. As 
such, less wire bending space 
is required than if it entered in 
the wall of the enclosure direct-
ly across from the terminal.

A conductor that enters or 
leaves the enclosure through 
the wall opposite its termi-
nal must include a minimum 
deflection space that com-
plies with the values in NEC 
Table 312.6(B) or IRC Table 
E3907.9.1(1). �is table re-
quires greater wire bending 

space than NEC Table 312.6(A) or IRC Table 
E3907.9.1(2) since it is assumed there is not 
enough space in the enclosure to bend the con-
ductor before connecting it to its terminal.

A conductor is also permitted to enter or leave 
an enclosure through the wall opposite its terminal 
as long as it enters or leaves the enclosure where 
the gutter of the panelboard joins an adjacent 
auxiliary gutter that has a width that conforms to 
NEC Table 312.6(B) or IRC Table E3907.9.1(1) 
for that conductor. �is practice is typically not 
used in dwellings but is commonly employed in 
commercial construction. �e IRC does not in-
clude these specific provisions for deflection space 
for conductors entering or leaving anything oth-
er than enclosures containing panelboards. �is 
minimum requirement must be maintained as it 
can have serious impact and result in damage to 
conductor insulation. Keep in mind that the IRC 



78

in Section E3401.2 indicates that the IRC does 
not intend to exclude any requirement for one- 
and two-family dwellings that is not contained 
within the IRC. In these cases, one must refer to 
the applicable provisions of the NEC that include 
minimum requirements for those situations.

�e enclosures for a panelboards are required to 
have top and bottom wire-bending space sized in 
accordance with Table 312.6(B) (conductors entering 
or leaving opposite walls) for the largest conductor 
entering or leaving the enclosure. Side wire-bend-
ing space is to be in accordance with Table 
312.6(A) (conductors not entering or leaving opposite 

walls) for the largest conductor to be ter-
minated in that space. Four exceptions 
exist for top and bottom wire-bending 
spaces. �e first two exceptions permit 
either the top or bottom wire-bending 
space to be sized in accordance with Ta-
ble 312.6(A) for a panelboard rated 225 
amperes or less and designed to contain 
not over 42 overcurrent devices or where 
at least one side wire-bending space is 
sized in accordance with Table 312.6(B) 
for the largest conductor to be terminat-
ed in any side wire-bending space. �e 
third exception permits both the top 
and bottom wire-bending spaces to be 
sized in accordance with Table 312.6(A) 
if the panelboard is designed and con-
structed for wiring using only a single 
90 degree bend for each conductor and 
the wiring diagram shows and specifies 
the method of wiring that is to be used. 
�e forth exception permits either the 
top or the bottom wire-bending space, 
but not both, to be sized in accordance 
with Table 312.6(A) where there are 
no conductors terminated in that space. 
Back wire-bending space is addressed 
for rear entry with a removable cover on 
the opposite wall of the enclosure with 
the distance from that wall to the cover 
complying with the distance required 

for one wire per terminal in Table 312.6(A). �e 
distance between the center of the rear entry and 
the nearest termination for the entering conduc-
tors cannot be less than the distance given in Table 
312.6(B) [see NEC 408.55 or IRC E3907.9].

Conductors in Meter Enclosures
A conductor not larger than 350 kcmil is permitted 
to enter or leave an enclosure containing only a me-
ter socket(s) through the wall opposite its terminal. 
�e distance between the terminal and the wall op-
posite cannot be less than the distance specified in 
NEC Table 312.6(A) or IRC Table E3907.9.1(2). 

Photo 3.3. Type NM cable generally required to be secured to the 
cabinet with fittings and connectors specifically listed for the wiring 
method used (as shown above)

Photo 3.4.  Adequate wire bending space is required in cabinets, 
cutout boxes, and meter socket enclosures.
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Figure 3.4.  Wire bending space within cabinets containing panelboards

Figure .5. De ection of conductors in meter soc et enclosures 
applying NEC 312.6(B)(2), Ex. 2

�e terminal must be a lay-in type lug 
where the terminal is directly facing the 
enclosure wall and the offset is not greater 
than 50% of the bending space specified 
in NEC Table 312.6(A) or IRC Table 
E3907.9.1(2). An alternative is where the 
terminal is directed toward the opening 
in the enclosure and is within a 45-degree 
angle or directly facing the enclosure wall 
(see figure 3.5).

Offset is defined as the distance mea-
sured along the enclosure wall from the 
axis of the center line of the terminal to 
a line passing through the center of the 
opening in the enclosure.

Conductor Protection 
from Abrasion
Where insulated circuit conductors of 
4 AWG or larger enter a raceway in a 
cabinet, pull box, junction box, or auxil-
iary gutter, the conductors are required 
to be protected by an identified fitting 
providing a smoothly rounded insulat-
ing surface [NEC 312.6(C); 300.4(G) 
or IRC E3907.6 and E3906.1.1]. �e 
fitting used is usually an insulated con-
duit bushing, but the Code permits al-
ternatives such as a metal fitting with an 
insulated throat or a nonmetallic termi-
nal adaptor. Conductors are permitted 
to be separated from the raceway fitting 
by an identified insulating material securely fas-
tened in place. �e authority having jurisdiction 
will usually have the call relative to judging the 
adequacy of this type of installation. Insulated 
bushings are not required where threaded hubs 
or bosses that are an integral part of an enclosure 
provide a smoothly rounded or flared entry for 
conductors. Listed nonmetallic fittings are in-
vestigated by qualified electrical product testing 
laboratories to meet this requirement without 
the use of additional insulating bushing. Fittings 
are tested to ensure the edge of the fitting will 

not damage conductors as the conductor is pulled 
through the fitting.

Conduit bushings made wholly of insulating 
material are not permitted to be used to secure a 
raceway to an enclosure. A listed metal locknut 
would need to be used in conjunction with an in-
sulating bushing. A metal conduit bushing with 
an insulated throat can be used for this purpose.  
An insulating fitting or insulating material is re-
quired to have a temperature rating not less than 
the insulation temperature rating of the installed 
conductors [NEC 300.4(G) or IRC E3906.1.1].
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Wire Space in Enclosures
Cabinets and meter socket enclosures are re-
quired to have sufficient space to accommodate all 
conductors installed in them without crowding.

Cabinet enclosures for switches or overcurrent 
devices are generally not permitted to be used 
as junction boxes, auxiliary gutters, or raceways 
for conductors feeding through or tapping off 
to other switches or overcurrent devices. Where 
adequate space is provided within these enclo-
sures, the Code permits this use. Conductors are 
not permitted to fill the wiring space at any cross 
section to more than 40% of the cross-sectional 
area of the gutter space in the enclosure. Where 

conductors are spliced in these switch or 
overcurrent device enclosures, the con-
ductors, splices, and taps cannot fill the 
wiring space at any cross section to more 
than 75% of the cross-sectional area of 
the space. A warning label complying 
with NEC 110.21(B) must be applied 
to the enclosure that identifies the clos-
est disconnecting means for any feed-
through conductors (NEC 312.8 or IRC 
E3907.1).

Conductor Routing and 
Induction
Where conductors carrying alternating 
current are installed in metal enclosures 
or metal raceways, they are required to 
be so arranged as to avoid heating the 
surrounding metal by induction. Induc-
tion is defined as “the production of an 
electric or magnetic state by the prox-
imity (without contact) of an electrified 
or magnetized body” or “the production 
of an electric current in a conductor 
by varying the magnetic field applied 
to the conductor.” To accomplish this, 
all ungrounded phase conductors and, 
where used, the neutral conductor and 
all equipment grounding conductors are 
normally required to be grouped togeth-

er by installing them in the same raceway, cable, or 
trench. Switch loops are not required to include a 
grounded (neutral) conductor because of the can-
celing effect due to counter electromotive force 
(EMF). Switches or circuit breakers in most cases 
cannot be used to disconnect the neutral conduc-
tor of a circuit.

Mounting and Location of 
Switches and Overcurrent 
Devices
Switches and circuit breakers of the externally 
operable type must be mounted in an enclosure 

Photo .5. De ection of conductors in meter soc et enclosures

Photo 3.6.  Bushing is required to protect conductors from abrasion 
where they enter cabinets, cutout boxes, and meter socket enclosures.
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listed for the intended use. Minimum 
wire bending space at terminals and 
minimum gutter space must be provid-
ed in switch enclosures. �e minimum 
wire bending and gutter space require-
ments are found in NEC 312.6. See the 
discussion earlier in this chapter for ad-
ditional information.

Where installed in any damp or wet 
location or outside a building, a switch or 
circuit breaker is required to be enclosed 
in a weatherproof enclosure or cabinet. 
Time switches, flashers, and similar de-
vices are required to be of the enclosed 
type or must be mounted in cabinets or 
boxes or equipment enclosures. Ener-
gized parts are required to be protected 
by a barrier to prevent operator exposure 
when making manual adjustments or 
switching.

A single-throw knife switch must be 
connected so the switch blades are not 
energized when the switch is in the 
open “off ” position. Common practice 
is to locate the line-side terminals on 
the top and load side on the bottom of 
the switch in order to help ensure this 
requirement is met. A single-throw 
knife switch must be so placed that 
gravity will not tend to close it. Where 
a single-throw knife switch is approved 
for use in the inverted position, it will 
be provided with a locking device to 
help ensure that the switch blades re-
main in the open “off ” position when 
so set.

General-use and motor-circuit switches and 
circuit breakers, where mounted in an enclosure, 
must clearly indicate whether they are in the open 
“off ” or closed “on” position. Where these switch 
or circuit breaker handles are operated vertically 
rather than rotationally or horizontally, the “up” 
position of the handle must be in the “on” position 
(NEC 404.7, 240.81 or IRC E4001.3).

All switches and circuit breakers that are used as 

switches must be located so they can be operated 
from a readily accessible location.

All switches and circuit breakers must be in-
stalled so the center of the grip of their operating 
handles, when in their highest position, will not be 
more than 2.0 m (6 ft 7 in.) above the surface of 
the floor or other working platform [NEC 404.8, 
240.24(A) or IRC E4001.6].

�e Code requires overcurrent devices to be 
readily accessible to the occupant of a one- or 
two-family dwelling. Overcurrent devices are re-

Figure 3.6. Protection of conductors from abrasion and connecting 
conduit to enclosures

Figure 3.7.  Splices and taps are generally not permitted in enclosures 
except where adequate space is provided.
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stricted from being located in the vicinity of easily 
ignitible material, such as in clothes closets, for 
obvious reasons. Overcurrent devices are also not 
permitted to be located over the steps of a stairway. 
�e Code does not permit overcurrent devices to 
be located in bathrooms of dwelling units. �ere 
is an exception for supplementary overcurrent 
protective devices. Supplementary overcurrent 
devices may be installed in bathrooms. �is type 
of protection is sometimes installed for motors, 
luminaires and water heaters (see NEC 240.24 or 
IRC E3705.7).

Panelboards
Requirements for panelboards and dis-
tribution boards installed for the control 
of light and power circuits are provided 
in NEC Article 408 or IRC Sections 
E3907 and E3706.

�e rating of a panelboard cannot be 
less than the minimum feeder capacity 
required for the calculated load (NEC 
408.30 or IRC E3706.1). A manufactur-
er is required to provide durable mark-
ing showing the voltage, current rating 
and number of phases for which the 
panelboard is designed. Also required is 
the manufacturer’s name or trademark, 
which must be visible after installation 
without disturbing the panelboard inte-
rior parts or wiring.

All panelboard circuits and any circuit 
modifications are required to be legibly 
identified as to its clear, evident, and 
specific purpose or use. �e circuit iden-
tification shall have an approved degree 
of detail to distinguish each circuit from 
all others. Spare positions that contain 
unused overcurrent devices need to be 
indicated as well. Circuits should not be 
described with descriptions of transient 
conditions of occupancy. In other words, 
a circuit can’t be identified as “Bill’s 
room” or “Mary’s office.” �is identifica-
tion is required to be located on a circuit 
directory on the face or inside the panel 

doors [NEC 408.4(A) or IRC E3706.2].
  Barriers are required to be placed in all ser-

vice panelboards to prevent any un-insulated, 
ungrounded service busbar or service terminals 
exposed to inadvertent contact by homeowners or 
maintenance equipment while servicing load ter-
minations. While moving the main circuit breaker 
or switch to the open “off ” position will de-en-
ergize the panelboard, supply terminals to this 
panelboard will remain energized and exposed. 
Should a metal fish tape, tool or a loose uninsulat-
ed conductor come in contact with these exposed 

Photo 3.7.  Adequate conductor (wire) space is required in enclosures.

Photo 3.8. Where operated in the vertical position, the “up” position of 
the handle of a circuit breaker must be in the “on” position
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terminals, the result would likely be a 
ground fault producing an arc flash that 
could be lethal to personal and expose 
the worker to serious burn injury. 

One of the hurdles that had to be 
overcome concerning the barrier re-
quirement for service panelboards was 
the fact that providing such protection 
is more achievable for those service 
panelboards with a single service dis-
connect, but less practical for service 
panelboards with multiple service dis-
connects within the same enclosure as 
permitted by 408.36, Exceptions No. 1, 
2, and 3. Section 408.36 generally calls 
for individual overcurrent protection 
for a panelboard while the exceptions 
to 408.36 recognize the “six means of 
disconnect” rules of NEC 230.71 or 
IRC E3601.7 and the old “split-bus” 
panelboards that could be present in 
existing panelboards. An exception to 
this barrier rule clarifies this situation 
[NEC 408.3(A)(2)].

Main Bonding Jumper 
(Conductor) Sizing
Where a panelboard is used as service 
equipment it must be provided with a 
main bonding jumper. Generally, the 
main bonding jumper is a bus, strap, or 
screw provided by the manufacturer, and 
under this condition, it can be installed without a 
sizing requirement in the field. It is placed with-
in the panelboard and is used for connecting the 
grounded (neutral) service conductor on its supply 
side to the metallic frame of the panelboard [see 
photo 3.10 and NEC 250.28, 408.3(C) or IRC 
E3607.5].

Where the main bonding jumper in a panel-
board is field-installed as a wire, the size of this 
jumper is the same size as the required grounding 
electrode conductor. �e NEC does not place a 
limit on the maximum size of a dwelling service. 

However, the IRC covers only 120/240-volt, sin-
gle-phase services up to 400-amperes. Minimum 
sizing for the main bonding jumper using the 
IRC would be derived from E3609.5 and IRC 
Table E3603.4. �e NEC includes main bond-
ing jumper requirements, and sizing is based on 
250.28(D) using NEC Table 250.102(C). If the 
size of the service-entrance conductors exceeds 
the values given in Table 250.102(C), then the 
12.5% rule must be applied for sizing the main 
bonding jumper.

Figure 3.8.  Switches and circuit breakers not permitted to be located 
more than 2.0 m (6 ft 7 in.) abo e oor

Figure 3.9.  Circuit directory is required for panelboard.



84

Individual Overcurrent 
Protection for 
Panelboards
As stated previously, the rating of a pan-
elboard cannot be less than the minimum 
feeder capacity required for the calculated 
load. In addition, all panelboards are re-
quired to be protected by an overcurrent 
device having a rating not greater than 
that of the panelboard. �is main over-
current device is required to be located 
within the panelboard itself or at any 
point on the supply side of said panel-
board (NEC 408.36 or IRC E3706.3). 
�ere are three exceptions to this rule at 
408.36 in the NEC.

Individual protection is not required 
for a panelboard used as service equip-
ment with multiple disconnecting means 
in accordance with NEC 230.71 or IRC 
E3601.7 (not more than six disconnects 
per service grouped in any one location). In 
panelboards protected by three or more 
main circuit breakers or sets of fuses, 
the circuit breakers or sets of fuses are 
prohibited from supplying a second bus 
structure within the same panelboard (no 
split-bus panelboards). �is exception ap-
plies to all panelboards that are installed 
in these limited-service applications 
where the number of switches or circuit 
breakers installed does not exceed six, 
meeting the allowances of NEC 230.71 
or IRC E3601.7.

�e second exception excludes individual over-
current protection for a panelboard protected on 
its supply side by a main overcurrent protective 
device, as long as that main has a combined rating 
not greater than that of the panelboard. However, 
a panelboard constructed or wired under this ex-
ception cannot contain more than 42 overcurrent 
devices with a 2-pole circuit breaker being consid-
ered two overcurrent devices. In previous editions 
of the Code, this 42 overcurrent device limitation 
applied to all panelboards, not just panelboards 

that comply with Exception No. 2 to NEC 408.36. 
Under the current edition of the Code, the number 
of overcurrent devices that a panelboard can con-
tain is limited only by the listing of that particular 
panelboard. For instance, if a panelboard is listed 
or identified to accept 60 overcurrent devices, then 
that panelboard is limited to a maximum of 60 
overcurrent devices if that panelboard is used as 
service equipment.

�e third exception for individual protection 
of a panelboard applies to an existing panelboard 

Photo 3.9. Typical circuit directory for a dwelling unit panelboard

Photo 3.10. Main bonding jumper in the form of a strap connected from 
grounding (neutral) conductor terminal bar to services panelboard 
enclosure
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used as service equipment at an individual existing 
residential dwelling unit.

Other Requirements for 
Panelboards
�e total load on any overcurrent device located 
in a panelboard must not exceed 80% of its rat-
ing if, in normal operation, the load will contin-
ue for three hours or more unless the assembly, 
including the overcurrent device, is approved for 
continuous duty at 100% of its rating. Loads that 

operate continuously for three hours 
or more are considered by the Code as 
continuous loads. Continuous load is 
defined in NEC Article 100 and IRC 
Chapter 35.

   Plug-in-type overcurrent protective 
devices or plug-in-type main lug assem-
blies that are backfed must be secured 
in place by an additional fastener that 
requires other than a pull to release the 
device from the mounting means on the 
panel. �e fastener used to secure the 
breaker to the panelboard must be iden-
tified for that specific purpose. Consult 
the manufacturer’s installation instruc-
tions or pro-duct directory for addition-
al information [NEC 408.36(D) or IRC 
E3706.5].

 Where installed in damp or wet lo-
cations, panelboards are required to be 
mounted with a 6 mm (¼ in.) airspace 
between the wall and sup-port surface. 
Panelboards are required to be mounted 
in cabinets or identified enclosures. �ey 
are also required to be dead-front, which 
means being “without live parts exposed 
to a person on the operating side of the 
equipment” (NEC Article 100, 408.38 
and IRC Chapter 35).

Where fuses of any type are installed 
in panelboards, they must be installed on 
the load side of any switch, except where 
used as service equipment.

Where panelboard cabinets and frames are 
made of metal, they are required to be in phys-
ical contact with each other and to be properly 
grounded by connection to an equipment ground-
ing conductor. Where the panelboard is supplied 
by a nonmetallic raceway or cable assembly or 
where separate equipment grounding conductors 
are provided, an identified terminal bar used for all 
equipment grounding conductors is required to be 
secured to and be inside the cabinet. �is terminal 
bar is bonded to the metal cabinet and the pan-
elboard frame. It provides a connection point for 

Figure 3.11. Panelboard is used as service equipment must be provided 
with a main bonding jumper

Figure 3.10.  Barriers required in service panelboards
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Figure .12.  xamples of three di erent types of panelboards

Figure 3.13.  Up to six means of disconnect are permitted under certain 
conditions.

the equipment grounding conductor run 
with the feeder conductors supplying the 
panelboard (NEC 408.40).

Equipment grounding conductors 
must not be connected to a terminal bar 
provided for neutral conductors, unless 
the terminal bar is specifically identified 
for the purpose and is located where 
the connection is made from the neu-
tral conductor to a grounding electrode. 
�e most commonly permitted location 
is within service equipment. �e con-
nection between grounded (neutral) 
conductor and equipment grounding 
conductors is not permitted in feeder 
panelboards. �e neutral conductor car-
ries current and, if permitted to make 
contact with the equipment grounding 
conductor in other than service equip-
ment, that current, which is referred to 
as circulating current, would be likely to 
flow over grounded parts and equipment 
grounding conductors, which could lead 
to severe fire or shock hazards.

�e installation rules for panelboards 
clearly specify that each grounded (neu-
tral) conductor terminate in an individ-
ual terminal that is not to be used to 
terminate another neutral conductor. An 
exception to this requirement will allow 
more than one grounded conductor to 
terminate under one termination point 
where parallel conductors are installed, 
as long as they terminate in a terminal 
identified for more than one conductor 
(NEC 110.14; 408.41 or IRC E3706.4).

As a rule, where panelboards are in-
stalled as service equipment, the ground-
ed service conductor (usually a neutral) 
is bonded to the enclosure. Where in-
stalled as a feeder panelboard (subpan-
el), the grounded conductor (neutral) is 
required to be isolated from the enclo-
sure, and the equipment grounding con-
ductors are connected to the enclosure 
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[NEC 250.24(A)(5) or IRC E3607.2]. �ere are 
instances where the Code would permit a connec-
tion between the grounded (neutral) conductor 
and equipment or grounding electrode system, 
but these are limited to specific Code restrictions. 
�is connection is allowed for the existing frames 
of dryers and ranges (NEC 250.142). A load-side 
grounding connection with the grounded con-
ductor is permitted at existing separate buildings 
with an existing feeder where no continuous 
metallic paths exist between the buildings [NEC 
250.32(B)(1), Ex. No. 1 or IRC E3607.3.2]. Sep-
arate building grounding and bonding provisions 
are discussed in more detail in Chapter 15 of this 

Photo .11.  Panelboard identified for 60 o ercurrent 
devices. Not all panelboards are limited to 42 overcurrent 
devices

Photo 3.12.  Panelboard with six means of disconnect

Photo .1 . ac -fed circuit brea er with an identified 
fastener

Photo 3.14.  Grounded (neutral) conductors terminated 
on neutral terminal bar in panelboard are limited to one 
conductor for terminal (photo shows violation)

text. �e bonding and grounding of branch cir-
cuits for existing dryers and ranges are covered in  
Chapter 16.

Product Safety Standard 
Requirements
It is recommended that the following electrical 
product safety guide card information and prod-
uct safety standards be consulted for additional 
guidance on the proper installation, operation and 
use of electrical equipment covered in this chapter. 
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Figure 3.14. Back-fed overcurrent devices require additional fastener

Figure 3.15.  Feeder panelboard in compliance with NEC 408.40 and 
408.36, Ex. No. 2

�e four-letter code in parentheses refers to the 
product category in the UL Guide Information 
for Electrical Equipment Directory (UL Product 
Spec material).

• Equipment for Use in Ordinary Locations  
(AALZ)

• Cabinets and Cutout Boxes (CYIV)
• Circuit Breakers (DHJR)
• Circuit Breakers, Molded-Case, and Circuit 

Breaker Enclosures (DIVQ)
• Conduit Fittings (DWTT)

• Fuses ( JCQR)
• Cartridge Fuses, Nonrenewable   

( JDDZ)
• Insulating Devices and Materials 

(NYYV)
• Bushings (NZMT)
• Meter Mounting Equipment 

(PJSR)
• Meter Fittings (PJVV)
• Meter Sockets (PJYZ)
• Meter Socket Accessories (PKAX)
• Panelboards (QEUY)
• Switches (WFXV)
• Pullout Switches – Detachable 

Type (WGEU)
• Enclosed Switches (WIAX)
• Knife (Switches) (WIOV)
• Switches, Molded Case (WJAZ)
• Snap Switches (WJQR)
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Two-Family Dwellings (2018). Copyright © 
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3Underwriters Laboratories Inc. (UL), Northbrook, IL. 
UL Guide Information for Electrical Equipment Directory 
(UL Product Spec material) unless indicated otherwise.
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Questions
1. In general, where ungrounded conductors of 

_____ AWG or larger enter a raceway, cabinet, 
pull box or junction box, the conductors must be 
protected from abrasion by an identified fitting 
providing a smoothly rounded insulating surface.

A. 2
B. 4
C. 6
D. 8

2. When a cabinet is to be installed in a wet lo-
cation, one consideration is that:

A. it must be weatherproof
B. it must be dusttight
C. it should be sealed
D. it should be approved for a damp location

3. �e minimum wire bending space and 
minimum width at terminals for one 1/0 AWG 
conductor (one wire per terminal) where the con-
ductor does not leave the enclosure opposite its 
terminal is:

A. 114 mm (4½ in.)
B.  88.9 mm (3½ in.)
C. 63.5 mm (2½ in.)
D. 38.1 mm (1½ in.)

4. Panelboards installed in damp or wet loca-
tions must be mounted with at least 3 mm (1/8 
in.) airspace between the rear of the panel and the 
wall or other supporting surface.

True ______ False ______

5. A cabinet or cutout box where installed in a 
wall of concrete, tile or other noncombustible ma-
terial, is permitted to be recessed not more than 
what distance?

A. 6 mm (¼ in.)
B. 13 mm (½ in.)
C. 16 mm (⅝ in.)
D. 19 mm (¾ in.)

6. For cabinets that have a flush-type cover, the 
maximum permitted gap between the finish dry-
wall or plaster and the cabinet is: 

A. No gap permitted
B. 1.6 mm (1/16 in.)
C. 3 mm (⅛ in.)
D. 6 mm (¼ in.)

7. Each grounded (neutral) conductor of a 12 
AWG branch circuit shall terminate within the 
panelboard in an individual terminal that is not 
also used for another conductor.

True ______ False ________

8. Individual protection shall not be required for 
a panelboard protected on its supply side by two 
main circuit breakers having a combined rating 
not greater than that of the panelboard. A pan-
elboard constructed or wired in this manner shall 
not contain more than _____ overcurrent devices.

A. 20
B. 36
C. 42
D. 60

9. A means for connecting equipment ground-
ing conductors inside a metallic cabinet enclosing 
a panelboard must be provided where the panel-
board is used with Type NM nonmetallic sheathed 
cable assemblies containing equipment grounding 
conductors.

True ______ False ______
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10. Where a metal plug or plate is used with 
nonmetallic cabinets or meter socket enclosures, it 
is required to be recessed what distance from the 
outer surface?

A.  0.8 mm (1/32 in.)
B.  1.6 mm (1/16 in.)
C.  3.0 mm (⅛ in.)
D.  6.0 mm (¼ in.)

11. A 2/0 kcmil conductor is permitted to en-
ter or leave an enclosure containing only a meter 
socket(s) with lay-in type terminals through the 
wall opposite its terminal provided a minimum of 
152 mm (6 in.) wire-bending space is provided.

True _____ False _____

12. Conduit bushings made of insulating mate-
rial used to protect conductors entering a raceway 
are permitted to be used to secure a raceway.

True _____ False _____

13. An insulated fitting or insulating material is 
required to have a temperature rating not less than 
the insulation temperature rating of the installed 
conductors.

True _____ False _____

14. Splices of conductors are permitted to be 
installed in the gutter space of a panelboard en-
closure provided the conductors and splices do not 
take up more than 75% of the space.

True _____ False _____

15. Where installed in any wet location or out-
side a building, a surface-mounted switch or cir-
cuit breaker is required to be enclosed in a weath-
er-proof enclosure or cabinet.

True _____ False _____ 

16. A single-throw knife switch must be placed 
so that gravity will not tend to close it.

True _____ False _____

17. All switches and circuit breakers must be 
installed with the center of the grip to their op-
erating handles, when in its highest position, will 
not be more than what distance above the surface 
of the floor or other working platform?

A.  1.8 m (6 ft 0 in.)
B.   2.0 m (6 ft 6 in.)
C.   2.0 m (6 ft 7 in.)
D. 2.3 m (7 ft 6 in.)

18. Generally, the connection between ground-
ed (neutral) conductors and equipment grounding 
conductors is not permitted in feeder panelboards.

True _____ False _____

19. In a panelboard, spare positions that contain 
unused overcurrent devices shall be described or 
identified accordingly in a circuit directory that is 
located on the face or inside of the panel door.

True _____ False _____

20. �e rating of a panelboard cannot be less 
than the minimum feeder capacity that is required 
for the load computed in accordance with Parts 
II, III, IV, or V of NEC Article 220 as applicable.

True _____ False _____

21. All panelboard circuits and any circuit mod-
ifications are required to be legibly identified as to 
its clear, evident, and specific purpose or use. �e 
circuit identification shall have enough detail such 
that each circuit is distinguished from all others.

True _____ False _____
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26. Raceways and cables that enter the cabinet 
above the level of uninsulated live parts require 
special termination fittings. �ese fitting must be 
listed for _____________.

A. damp locations
B. wet locations
C. hazardous locations
D.  all of the above

27. For cabinet or meter socket enclosures, a warn-
ing label complying with __________________ 
must be applied to the enclosure that identifies the 
closest disconnecting means for any feed-through 
conductors.

A. NEC 110.21(B)
B. NEC 90.3
C. NEC 110.24
D. NEC 408.3

28. Barriers are required to be placed in all 
_________________________ to prevent any 
uninsulated, ungrounded busbar or terminals ex-
posed to inadvertent contact by homeowners or 
maintenance equipment while servicing load ter-
minations. 

A. feeder panelboards
B. feeder disconnect switch
C. service panelboards
D. meter enclosures

29.  �e term ______________ is defined as the 
production of an electric or magnetic state by the 
proximity (without contact) of an electrified or 
magnetized body or the production of an electric 
current in a conductor by varying the magnetic 
field applied to the conductor.

A.  induction
B.  capacitance
C.  reactance
D.  impedance

22. A panelboard shall be protected by an over-
current protective device having a rating not great-
er than that of the panelboard. Without applying 
any exceptions, this overcurrent protective device 
shall be located at what location?

A. Anywhere the installer desires
B.  Within or at any point on the supply side  

 of  the panelboard
C. Only within the panelboard
D. At least 1.5 m (5 ft) horizontally from the
 inside walls of the panelboard

23. Unused raceway or cable knockout openings 
in cabinets or meter socket enclosures must be 
______________ to provide protection substan-
tially equivalent to that of the wall of the cabinet 
or meter socket enclosure.

A. identified
B. covered with electrical tape
C. closed
D. welded shut

24. Plug-in-type overcurrent protective devic-
es or plug-in-type main lug assemblies that are 
backfed must be secured in place by an additional 
fastener that requires other than a pull to release 
the device from the mounting means on the panel.

True _____ False _____

25. Where panelboard cabinets and panelboard 
frames are made of metal, they are required to be 
in physical contact with each other and are to be 
properly grounded by connection to an equipment 
grounding conductor.

True _____ False _____
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Chapter 4

Installations and
Inspections of Services

Requirements for electrical services are pro-
vided in NEC Article 230 and IRC Chap-
ter 36. It should be pointed out here that 

general electrical requirements, such as electrical 
terminations and so forth, included in other sec-
tions of the Code must also be applied to service 
installations. Requirements for electrical services 
in NEC Article 230 do not place any limitations 
relative to the size or ratings of a dwelling unit 
service. �e NEC permits services of any size or 
rating (including feeders of 120/208-volt “Y” 
systems) for dwellings. However, electrical ser-

vices for dwelling units that fall under the scope 
of the IRC are limited in size and voltage ratings 
to 120/240-volt, single-phase, 400-ampere. Any 
electrical service beyond those ratings must fol-
low the applicable requirements of the NEC [see 
IRC E3401.2, E3401.3(2), E3603.1, and Table 
E3705.1].

Definitions
Definitions of certain terms relative to electrical 
services are provided in the Code. Understanding 
these terms is important for proper application of 
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the rules for services. �e following defi-
nitions are provided in NEC Article 100 
and IRC Chapter 35.

Premises Wiring (System). “Interior 
and exterior wiring, including power, 
lighting, control, and signal circuit wir-
ing together with all their associated 
hardware, fittings, and wiring devices, 
both permanently and temporarily in-
stalled. �is includes (a) wiring from the 
service point or power source to the out-
lets or (b) wiring from and including the 
power source to the outlets where there 
is no service point. Such wiring does not 
include wiring internal to appliances, 
luminaires, motors, controllers, motor 
control centers, and similar equipment.”

Informational Note: Power sources include, but 
are not limited to, interconnected or stand-alone 
batteries, solar photovoltaic systems, other distrib-
uted generation systems, or generators.

Service. “�e conductors and equipment for 
delivering 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. “�e conductors from the 
service point to the service disconnecting means.”

Service Conductors, Overhead. “�e overhead 
conductors between the service point and the first 
point of connection to the service-entrance con-
ductors at the building or other structure.”

Service Conductors, Underground. “�e under-
ground conductors between the service point and 
the first point of connection to the service-en-
trance conductors in a terminal box, meter, or oth-
er enclosure, inside or outside the building wall.”

Informational Note: Where there is no terminal 
box, meter, or other enclosure, the point of con-
nection is considered to be the point of entrance 
of the service conductors into the building.

Service Drop. “�e overhead conductors be-
tween the utility electric supply system and the 
service point.”

Service-Entrance Conductors, Overhead System.  

“�e 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 or overhead 
service conductors.”

Service-Entrance Conductors, Underground 
System.  “ �e service conductors between the ter-
minals of the service equipment and the point of 
connection to the service lateral or underground 
service conductors.”

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

Figure .1. xamples of some of the ser ice definitions

Photo .1. Typical o erhead ser ice  awaiting hoo -up and 
connection
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Service Equipment. “�e necessary equip-
ment, 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 
defined area, and intended to constitute the main 
control and means of cutoff of the supply.”

Service Lateral. “�e underground conductors 
between the utility electric supply system and the 
service point.”

Service Point. “�e point of connection between 
the facilities of the serving utility and the premises 
wiring.”

Informational Note: �e service point can be 
described as the point of demarcation between 
where the serving utility ends and the premises 
wiring begins. �e serving utility generally spec-
ifies the location of the service point based on the 
conditions of service.

Ser ice quipment  eneral
As defined, service conductors is a broad term that 
includes both the service drop and service-en-
trance conductors for overhead services and ser-
vice lateral and service-entrance conductors, un-
derground system for underground services.

�e service-entrance conductors connect to the 
service equipment, which usually provides the 

overload protection for the service-en-
trance conductors. �e service equip-
ment also provides the means of discon-
necting the service-entrance conductors 
from the premises wiring system. Where 
there is an underground service lateral 
that connects directly to service equip-
ment located outside a building, there 
may be no service-entrance conductors. 
Many specific rules need to be under-
stood to install or inspect electrical ser-
vices.

Ser ice quipment  
eneral

A service drop includes the overhead conductors 
between the utility electric supply system and the 
service point.

�e service drop is usually installed by the elec-
tric utility supply company, and it supplies the 
service-entrance conductors at the point of at-
tachment to the building. �e point of attachment 
may be a porcelain insulator that is bolted to the 
structure or firmly secured to a service mast with 
a fitting that is specifically identified for this use 
(see NEC 230.27 or IRC E3604.4). �e service 
drop will be connected to the service-entrance 
conductors by the service utility. �e end of the 
service-entrance conductors is formed into a drip 
loop as they emerge from the service head (see 
photo 4.3). �e service head, sometimes called 
the weatherhead, is the fitting at the end of the 
service mast or service cable. �e drip loop uses 
gravity to help prevent moisture from following 
the conductors and entering the raceway or cable 
through the weatherhead.

Clearances on uildings
�e Code requires minimum clearances from 
building openings and other items such as porch-
es, balconies, ladders, stairs, etc., for service con-
ductors installed as open conductors, such as 
duplex or triplex service drops or multiconductor 

Photo .2. nderground ser ice lateral supplying metering equipment
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Photo . . Ser ice drop connects to the o erhead conductors between 
the utility electric supply system and the ser ice point.

Figure .2. Clearances on buildings

cables that do not have an overall outer 
jacket. �is general rule does not restrict 
the installation of a multiconductor ca-
ble assembly that has an overall outer 
jacket, such as Type SE. (NEC 230.9 or 
IRC E3604.1). See figure 4.2 for a sum-
mary of the locations on buildings where 
clearances apply to open service cables or 
conductors. 

�e open service conductors, includ-
ing the drip loop, must be installed so 
they will not be any closer than 900 mm 
(3 ft) from the sides or bottom of any 
window that is designed to be opened, 
as well as from doors, porches, balconies, 
ladders, stairs, fire escapes, or other sim-
ilar locations. �is clearance is intended 
to keep open service conductors at least 
“reach distance” from building openings 
or platforms. Service conductors in-
stalled above the top level of a window 
are considered to be out of reach and are 
permitted to be less than the required 
900 mm (3 ft) clearance. Service con-
ductors in the form of service-entrance 
cable, Type SE or SER, do not have to 
be maintained at least 900 mm (3 ft) 
from building openings or platforms.

Ser ice Drop Clearances 
Abo e oofs
�e vertical clearances of service drops 
passing over a roof and from grade are covered in 
NEC 230.24(A) and (B) and IRC E3604.2.1 and 
E3604.2.2. (Refer to NEC 680.8 or IRC Section 
E4203.6 and Chapter 14 of this text for clearance 
requirements of service drops over swimming 
pools.) �ese rules do not apply to utility-installed 
service drops if they are on the line or supply side 
of the service point [see NEC 90.2(B)(5) or IRC 
E3401.3(1)]. Service drops are usually installed by 
the electric utility. However, it is the responsibility 
of the installer to install the electrical equipment 
such as a service knob or insulator, so that the 

service drop will have the proper clearance above 
roofs or grade.

�e general rule for clearances is that service 
drops have a minimum vertical clearance of not less 
than 2.5 m (8 ft) where they pass over a roof. �e 
2.5 m (8 ft) vertical clearance must generally be 
maintained for a distance of 900 mm (3 ft) in all 
directions from the edge of the roof. �is can be 
thought of as a “halo” around the roof and allows 
for a “reach distance” for a person standing on the 
roof. Five exceptions to the general rule are pro-
vided (see figures 4.3 and 4.4).
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Exception No. 1 covers a roof surface 
subject to pedestrian or vehicular traffic. 
It could apply to a flat roof-top deck 
used as an entertainment area.

Exception No. 2 permits a reduction of 
the service-drop clearance from 2.5 m (8 
ft) to 900 mm (3 ft) over the roof, when 
the voltage between the service-drop 
conductors is not over 300 volts and the 
roof has a slope of 100 mm (4 in.) in 300 
mm (12 in.) or greater.

Exception No. 3 permits a reduction in 
clearance of the service-drop conductors 
to 450 mm (18 in.) above the roof where 
the:

1. voltage between conductors does 
not exceed 300 volts, 

2. service drop passes over only the 
overhanging portion of the roof, 
and not more than 1.8 m (6 ft) 
of service-drop conductor passes 
diagonally over the roof overhang,

3. service drop does not pass over an 
overhang that extends more than 
1.2 m (4 ft) horizontally from the 
structure, and 

4. is secured to an electric service 
mast (through-the-roof ) raceway 
or other approved support such 
as a steel or suitable wooden brace 
that meets the requirements of 
NEC 230.28 or IRC E3604.5. See 
figure 3.3 for an illustration of ser-
vice-drop clearances for a service mast that 
passes through the overhanging portion of the 
roof.

Exception No. 4 permits the final span of the 
service-drop conductor to pass through the halo 
around the building where the service drop is at-
tached to the side of a building. �is permits the 
service drop to rise through the halo to terminate 
at or connect to a pole that is higher than the 
building 

Exception No. 5 permits a reduction of clearance 
above the roof area to 900 mm (3 ft) where the volt-

age between conductors does not exceed 300 volts 
and the roof area is guarded or isolated. A look at the 
definitions in NEC Article 100 or IRC Chapter 35 
indicates that “guarded” means “covered, shielded, 
fenced, enclosed or otherwise protected by means 
of suitable covers, casings, barriers, rails, screens, 
mats, or platforms to remove the likelihood of ap-
proach or contact by persons or objects to a point of 
danger.” �e term isolated is defined as “not readily 
accessible to persons unless special means for access 
are used.” [NEC 230.24(A) and Exceptions or IRC 
E3604.2.1 and Exceptions].

Figure . . ertical clearances abo e roofs

Figure . . Clearance of ser ice-drop conductors at ser ice mast (with 
exceptions)
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Supports o er uildings
Where service conductors passing over a roof, 
those service conductors have to be securely 
supported by substantial structures. �ese metal 
structures; sometimes referred to as a “roof jack” 
in the field, should be adequately bonded to limit 
a potential shock hazard. For a grounded system, 
where these substantial structures ares metal, it 
must be bonded by means of a bonding jumper 
and listed connector to the grounded overhead 
service conductor. Where practicable, such sup-
ports shall be independent of the building.  [NEC 
230.29 and IRC E3604.6]

�e bonding jumper used to accomplish this 
bonding are to be sized per the requirements of 
NEC 250.102 or IRC E3609.5 and NEC Table 
250.102(C)(1) or IRC Table E3603.4 based on 
the size of the ungrounded service conductors. 
�is bonding and sizing requirement is very sim-
ilar to the bonding requirements for bonding of a 
ferrous metallic raceway used to chase or enclose 
a grounding electrode conductor found at NEC 
250.64(E) or IRC E3610.3.

�e Code contains bonding requirements 
pertaining to “equipment for services” at NEC 
250.92(A), but this provision covers “normally 
non-current-carrying metal parts of equipment” 
such as “all raceways, cable trays, cablebus frame-
work, auxiliary gutters, or service cable armor or 
sheath that enclose, contain, or support service 
conductors.” �is subsection goes on to require “all 

enclosures containing service conduc-
tors, including meter fittings, boxes, or 
the like, interposed in the service race-
way or armor” to be bonded together. 
As through as this list of service related 
items required to be bonded is, the “sub-
stantial metal structures” described here 
at NEC 230.29 and IRC E3604.6 does 
not seem to fit into any of these catego-
ries. �ese substantial support structures 
are not a raceway, as it does not act as a 
channel for conductors; it is simply an 
auxiliary or supplemental support for the 
overhead service conductors.

ertical Clearances Abo e 
Final rade
Vertical clearances for service drops and overhead 
service conductors passing above finished grade or 
ground level are provided for in NEC 230.24(B) 
or IRC E3604.2.2. �e vertical clearance must be 
maintained at the minimum distances as follows:

3.0 m (10 ft) at the point where the electric 
service enters the building, at the drip loop of 
the building electric entrance, and above areas or 
sidewalks that are accessible only to pedestrians. 
�is measurement is required to be taken from the 
final grade line, or other accessible surface, only 
for service-drop cables that are supported on and 
cabled together with a grounded bare messenger 
that is limited to 150 volts-to-ground. �is clear-
ance from ground or other accessible surface such 
as a porch or sidewalk is measured from the lowest 
part of the drip loop.

3.7 m (12 ft) over residential property or drive-
ways (and those commercial areas not subject to 
truck traffic) where the voltage does not exceed 
300 volts-to-ground.

4.5 m (15 ft) over residential property and drive-
ways (and those commercial areas not subject to 
truck traffic) where the service-drop voltage to 
ground exceeds 300 volts. �e typical voltage to 
ground for dwelling services is 120 volts for a 
120/240 volt, 3-wire, single-phase service. IRC 

Photo . . erhead ser ice drop passing o er a building with 
proper clearance
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Figure .5. Ser ice conductors supported by substantial structures 
should be adequately bonded

Figure .6. ertical clearance from final grade for o erhead ser ice 
conductors

does not include the 4.5 m (15 ft) clearance re-
quirement because the voltage is limited to 240 
volts for the service based on IRC E3401.2.

5.5 m (18 ft) over a public street, alley, road, or 
parking area that will be traveled by truck traffic, 
driveways on other than residential property, and 
other land traversed by vehicles such as cultivated, 
grazing, forest, and orchard areas.

It’s important to consider these rules and to 
work cooperatively with the electric utility sup-
ply agency before installing or inspecting the 
location of an electric service. As previously 

mentioned, the service drop is usual-
ly installed by the serving utility. �e 
installer of electrical equipment must 
install the equipment so the electrical 
utility can maintain the clearances re-
quired by the Code when connecting 
to the customer’s service drop point of 
attachment, also known as the insulator 
or knob. In no case, can the point of 
attachment be less than 3.0 m (10 ft) 
above grade. �e utility must also follow 
a proscribed installation standard that 
includes clearances from grade, vertical 
and horizontal clearances from build-
ings and structures, and on buildings. 
�e serving utility adheres to the Na-
tional Electrical Safety Code (NESC), 
which contains installation standards 
for the type of conductors and equip-
ment associated with transmission, dis-
tribution and supply systems. See figure 
4.6 for an illustration of vertical clear-
ance from grade for various conditions.

The Ser ice ast
Service masts must be installed to com-
ply with NEC 230.28 or IRC E3604.5. 
�is section requires that service masts 
used for the support of service drops 
must be “of adequate strength” to with-
stand safely the strain imposed by the 

service drop or be supported by braces or guys. 
�e Code does not mandate the minimum size 
of conduit permitted for a service mast or the use 
of additional support such as guy wires but leaves 
the interpretation of “of adequate strength” to the 
authority having jurisdiction (AHJ). Many serv-
ing utility companies provide a set of regulations 
that detail what is required for the mast to which 
a service drop is to be attached. It is important to 
verify with the serving utility prior to installing 
the service, the minimum mast size as well as the 
acceptable electrical watt-hour meter and meter-
base locations.
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In some parts of the country where wind, rain, 
snow, and ice storms are prevalent, the electric 
utility company or local ordinances often require 
a metric designator 53 (2 in.) or larger steel galva-
nized rigid metal conduit to be used for an electric 
service mast, or so-called “stack” or “periscope.” A 
roof flashing must also be installed at the roofline 
where the service raceway penetrates the roof to 
prevent damage to the roof structure by moisture 
and subsequent rotting of the framing materials. 
�is flashing must be placed around openings 
through the roof as necessary to provide adequate 
drainage. �is requirement is found in most major 
building codes for any roof penetration. See ser-
vice mast illustration in figure 4.7.

�e service mast or raceway must be equipped 
with a service head or weatherhead at the point of 
attachment to the service-drop conductors. If the 
service head or weatherhead is installed in a wet 
location, it shall be listed for use in a wet location. 
�e Code permits two options for Type SE cable. 
Either a wet location listed service head is installed 
on the end of the cable or the cable is permitted 
to be formed into a gooseneck. �e open end of 
the cable jacket must be sealed with a self-healing, 
weather-resistant, thermoplastic tape to prevent 
moisture from entering or accumulating within 
the box, conduit body, or fitting [NEC 230.54(A) 
and (B) or IRC E3605.9.1 and E3605.9.2].

Service heads and goosenecks have to be located 
above the point of attachment. �is requirement 
is intended to help prevent water from dripping 
down and into the raceway or cable, however this 
is not always practical. An exception permits the 
service head or gooseneck to be located not more 
than 600 mm (24 in.) from the point of attach-
ment [NEC 230.54(C) and Exception or IRC 
E3605.9.3 and Exception].

�e service head has multiple knock-out-type 
openings. �e Code requires conductors of dif-
ferent potential to be brought out through sepa-
rate openings. �ere is an exception for jacketed 
multi-conductor cable, such as Type SE, as long as 
it has no splices.

�e individual conductors that emerge from the 

service head must be formed into a gooseneck. �e 
drip loop keeps gravity from drawing moisture 
along the conductor insulation and into the cable 
or raceway. �e end of the drip loops connects to 
the service drop at a point either below the level 
of the service head or below the level of the end of 
the service-entrance cable sheath (NEC 230.54 or 
IRC E3605.9).

�e Code permits only power service-drop con-
ductors to be attached to a service mast. �ese rules 
do not permit service drops of telephone, CATV 
systems or any other system to be attached to pow-
er service masts (NEC 230.28 or IRC E3604.5). 
Outdoor antennas must never be attached to the 
electric service mast because of the possibility of 
contact with the energized service conductors. 
�is restriction is found in NEC 810.12.

Ser ice- ntrance Conductors 
Sunlight esistant

Service-entrance conductors that are exposed to 
the direct rays of the sun are required to be sun-
light resistant. Service-entrance conductors that 
extend outside the service mast for connection to 
the service drop are an example of where this re-
quirement applies. To provide sunlight resistance, 
the conductor insulation is produced from a for-
mula that includes compounds that are resistant 
to the damaging rays of the sun. Without these 
compounds, some conductor insulations deterio-
rate to the point they fall off the conductor, which 
can leave an exposed energized (hot) conductor.

Conductors and cables exposed to the direct 
rays of the sun must be of a type listed as “sunlight 
resistant” or listed and marked “sunlight resistant.” 
Individual conductors or cables may also be cov-
ered with an insulating material, such as tape or 
a sleeve, which is listed or listed and marked as 
being sunlight resistant. Some manufacturers may 
abbreviate the marking as “sun res.” See NEC 
310.10(D) or IRC E3605.6 for the specific rules 
that require this listing or listing and marking on 
conductors exposed to direct rays of the sun (ul-
tra-violet rays).
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ry gutter (NEC 230.41 Exception 
or IRC E3605.1).

nderground Ser ice 
aterals

A service lateral includes the under-
ground service conductors between the 
street main, including any risers at a pole 
or other structure or from transform-
ers, and the service point which could 
include the first point of connection to 
the service-entrance conductors in a ter-
minal box or meter enclosure. �is ter-
minal box may be located either inside 
or outside the building wall. Where no 
terminal box, meter, or other enclosure 
with adequate space is present, the point 
of connection is considered to be the 
point of entrance of the service conduc-

tors into the building.

Protection from Physical Damage
Service-lateral and underground service conduc-
tors that are installed underground and emerge 
from grade at the point of entry into a meter base 
or service equipment must be protected from 
physical damage. �is protection is required to be 
in the form of a suitable enclosure or raceway. An 
example of a suitable enclosure is the open-ended 
auxiliary gutter that makes up the bottom of a me-
ter pedestal. �e raceway is required to be one of 
those listed in NEC 230.50(B) or IRC E3605.5. 
Where rigid polyvinyl chloride conduit (PVC) 
is used for protection against physical damage, 
Schedule 80 PVC is required.

Schedule 40 PVC does not provide the impact and 
crush resistant characteristics required for providing 
the protection anticipated by the Code. Schedule 
40 PVC cannot be used in any location where 
protection from physical damage is required. 
Additional information is found in UL’s General 
Information for Electrical Equipment under the 
product category Rigid Nonmetallic Schedule 

Figure .7. Typical bracing or guy wire supports for through-the-roof 
ser ice masts. here not of adequate strength  a ser ice mast must 
be supported by a guy wire or bracing. All raceway fittings must be 
identified for use with ser ice masts when the mast is used to support 
the drop.

Service-entrance conductors are usually required 
to be insulated. Here are some conditions where the 
Code will permit the grounded (neutral) service-en-
trance conductor to be uninsulated:

1. Bare copper installed in a raceway or part of 
a service cable assembly (see raceways per-
mitted for service-entrance conductors later 
in this chapter).

2. Bare copper used for direct burial installa-
tions if the copper is judged to be suitable 
for the conditions that will be present in the 
surrounding soil.

3. Bare copper used for direct burial installa-
tions without regard for soil conditions and 
where it is part of a cable assembly such as 
Type USE and specifically identified for use 
where buried underground.
4. Aluminum or copper-clad alumi-

num without individual insulation 
or covering where it is part of a 
cable assembly identified for un-
derground use in a raceway or for 
direct burial.

5. Bare conductors used in an auxilia-
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40 and Schedule 80 PVC Conduit (DZYR). �e 
guidebook indicates that Schedule 40 PVC con-
duit is suitable for underground use by direct buri-
al or encasement in concrete. It is also suitable for 
aboveground use indoors or outdoors exposed to 
sunlight and weather where not subject to physical 
damage. Schedule 80 PVC can be used wherev-
er Schedule 40 PVC can be used. PVC conduits 
marked “Schedule 80” can be used where exposed 
to physical damage and on poles in accordance 
with the Code.

�e raceway is required to extend from the min-
imum cover (direct burial) distance required by 
NEC 300.5(D) or IRC E3803.3 below grade to a 
point at least 2.5 m (8 ft) above the finished grade.

However, this protection does not have to ex-
tend into the ground more than 450 mm (18 in.). 
In some situations, cables may have to be buried or 
covered at least 600 mm (24 in.). �e term cover 
is defined in Note 1 of NEC Table 300.5 or IRC 
Table E3803.1 Note e as the distance from the top 
of the cable or raceway to the top surface of finished 
grade (see chapter 8 in this publication for more 
information on underground installations).

Burial depth tables are identical in the NEC 
and the IRC. �e NEC minimum burial depth 
table is located in Chapter 3, Section 300.5 (Table 
300.5) and the IRC minimum burial depth table 
is located in Chapter 38, Section E3803.1 (Table 
E3803.1).

Ser ice- ntrance Cable   
Type S
Cables used for underground service 
conductors are usually Type USE (un-
derground service entrance) and are cov-
ered in NEC Article 338. �ese cables 
usually are of the single-insulated type 
and are often spiraled together to form a 
three-conductor cable which is referred 
to as “URD” for “underground rural dis-
tribution.” Generally, Type USE cables 
are limited to use underground. �e pri-
mary reason for this restriction is given 

in NEC 338.2 where the definition indicates that 
Type USE cables are identified for underground 
use, have a moisture-resistant covering, but are not 
required to have a flame-retardant covering.

When using the IRC, for more specific infor-
mation about service-entrance cables than what is 
covered in Table E3801.4 or Table E3802.1, one 
is required to refer to NEC Article 338 for more 
details and other installation restrictions relative 
to the use of these cables.

NEC 338.12(B)(2) indicates that Type USE 
service laterals are not permitted for aboveground 
installations except where it emerges outside at 
termination points in meter sockets or other en-
closures where protected in accordance with NEC 
300.5(D) or IRC E3803.3. �is type of cable hav-
ing only a Type USE designation is not permitted 
within buildings or for use as feeders, such as for 
supply to the interior of a mobile home. It also 
is not permitted within a raceway, except where 
the raceway is used to provide protection against 
damage or a similar purpose. Type USE cannot be 
used for building wiring because the insulation is 
not of the flame-retardant type.

Type USE cable is also available with additional 
insulation designations. �ese designations in-
clude Type RHH and RHW (Some designations 
may include a suffix “-2” to indicate the cable is 
suitable for 90°C both wet and dry locations). 
�ese “triple-rated cables” are permitted to be used 

Figure . . nderground ser ice lateral conductors
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information on these cables where used 
as feeder conductors.

�e IRC does not include a separate 
article for each wiring method. Refer to 
the NEC for specific requirements for 
the various wiring methods permitted 
for use. �e IRC includes uses permit-
ted and uses not permitted in tabular 
form. Chapter 38 includes three tables 
that provide general use and installa-
tion requirements for the type of wiring 
method used. Table E3801.2 provides 
the “Allowable Wiring Methods” with 
designated abbreviations; Table E3801.4 
gives “Allowable Applications for Wir-
ing Methods”; and Table E3802.1, the 
“General Installation and Support Re-
quirements for Wiring Methods.” �is 
differs from the NEC only in that the 
information is provided as rules in tab-
ular form; the rules are the same in both 
codes. �e NEC installation and support 
requirements are found in Article 300, 
General Requirements, and the specifics 
to each wiring method are found within 
each wiring method article.

Ser ice- ntrance Cables  
Types S  and S
A service-entrance cable, used for the 

supply to a 120/240-volt, three-wire, single-phase 
dwelling service, includes three conductors, which 
often consist of a bare neutral conductor and two 
ungrounded (hot) insulated conductors made up 
in the form of a cable assembly identified as Type 
SE. Type SE cable often has the strands of the neu-
tral conductor wrapped spirally around the other 
insulated conductor to form a fairly flat cable. A 
final nonmetallic jacket is then placed around the 
assembly. �is cable is often referred to as “SEU,” 
with the “U” referring to the type of the cable that 
includes an uninsulated conductor along with two 
insulated conductors. �is cable is usually flat or 
oval in shape. SE cable that includes an insulated 

at any location the individual designation permits. 
For example, Type RHH is a rubber-insulated 
wire that has insulation rated at 90°C and is per-
mitted to be used above ground in or on buildings 
or structures in a raceway in a dry location. Type 
RHW is a rubber-insulated wire that has a 75°C 
rating and is suitable for installation aboveground, 
in or on buildings or structures in a wet location 
in a raceway. �ey are permitted to be used un-
derground due to their USE designation. As can 
be seen, these triple-rated cables offer a great deal 
of flexibility as to suitability for use in different 
locations. See chapter 6 of this text for additional 

Figure . . se of Type S  cable

Photo .5. Typical Type S  cable with strands of the neutral 
conductor wrapped spirally around two insulated 
conductors
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Figure .10. Type S  cable fittings

Figure .11. Type S  cable used as a wiring method at a dwelling unit

grounded (neutral) conductor in addition 
to the uninsulated conductor used for 
equipment grounding purposes is often 
round in shape and is designated as Type 
SER, meaning “service-entrance round” 
cable [see UL Product Spec (formally UL 
White Book) Category (TYLZ)].

Where service-entrance cables are 
used as service-entrance conductors, 
they are required to be installed in ac-
cordance with applicable requirements 
of NEC Article 230 and IRC Chapter 
38 and Tables E3801.2, E3801.4, and 
E3802.1.

Ser ice- ntrance Cable 
Installation
Several fittings are made to facilitate 
the installation of Type SE cables for 
services. �ese include a weatherhead 
or service cap, watertight connectors 
for connection at meter bases and ser-
vice equipment, and service-cable sill 
plates. Other fittings include one-hole 
and two-hole straps and one-screw 
and two-screw connectors. Additional 
information on service-entrance cable 
fittings can be found in the UL Prod-
uct Spec (formally UL White Book) in 
Category (TYZX).

Typically, the weatherhead is located 
above the point where the service drop 
attaches to the building. �e cable is routed to the 
meter base location where it is connected with a 
watertight connector. �is connector has an oval 
shaped hole and a rubber seal that compresses 
around the cable as the threaded nut is tightened 
to create the watertight connection. A cable con-
nector is installed at the bottom of the meter base, 
and the cable is routed to the service equipment 
where another cable connector is installed. One 
major advantage of Type SE cable is it can be 
routed around obstacles easily (see figure 4.11 for 
details).

A sill plate is made to facilitate the installation 
of the service cable through the outside wall to the 
service equipment that is installed inside, some-
times in a basement. �e cable enters the sill plate 
and makes a 90-degree bend into the wall. Care 
must be taken at the protective covering to ensure 
that the cable is not damaged where it is bent, as 
this would allow water to enter the cable assembly. 
�e radius of the curve of the inner edge of any 
bend shall not be less than five times the diameter 
of the cable. �e sill plate is provided with a seal-
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ing compound to seal the cable penetration into 
the building (see figure 4.10).

Protection of Type S  Cables 
from Physical Damage

Type SE cable assemblies are permitted by the 
NEC and the IRC to be used for service-entrance 
conductors. Service-entrance cable assemblies 
must be protected where they will be subjected to 
physical damage. �is protection is required in ex-
posed places such as near sidewalks, walkways, or 
driveways. Consideration must also be given to any 
object, such as a window shutter, that may cause 
damage to the cable assembly. �is protection 
is accomplished by using a sleeve of rigid metal 
conduit, intermediate metal conduit, schedule 80 
PVC conduit (sunlight-resistant if installed where 
exposed to the sun), electrical metallic tubing 
(EMT), reinforced thermosetting resin conduit 
(RTRC), or by any other approved means [NEC 
230.50(B)(1) or IRC E3605.5]. Note: Type SE 
cable is not permitted to be run through an un-
derground raceway (not listed for a wet location). 
It is suitable for use in aboveground locations only.

Where a metallic service raceway is used to en-
close Type SE service-entrance conductors in this 
manner, it is required to be grounded. Ground-
ing requirements for metal enclosures and ser-
vice raceways are found in NEC 250.80 and IRC 

E3908.1. To protect the service-entrance 
conductors from abrasion, fittings, such 
as an insulated bushing, must be used on 
the ends of the raceway for any type that 
is used to enclose and protect a Type SE 
cable assembly. �is fitting is necessary 
to protect the conductors from abrasion 
during and after their installation.

A sill plate protects the Type SE as-
sembly at the point where the cable enters 
the building or basement. �is protection 
is necessary where the service-entrance 
cable is subject to tampering. Terrible ac-
cidents have occurred where people have 
damaged service-entrance cables while 

using hacksaws, weed eaters, shovels, etc.

aceways sed for Ser ice-
ntrance Conductors

�e wiring methods permitted for service-en-
trance conductors are found in NEC 230.43 or 
IRC E3801.4 and Table E3801.4. �ese sections 
include various wiring methods permitted to 
enclose service-entrance conductors. Rigid met-
al conduit (RMC), intermediate metal conduit 
(IMC), rigid polyvinyl chloride conduit (PVC) 
and electrical metallic tubing (EMT) are the 
most common types of raceways used. Electrical 
nonmetallic tubing (ENT), flexible metal con-
duit (FMC), liquidtight flexible metal conduit 
(LFMC) and liquidtight flexible nonmetallic 
conduit (LFNC) are also permitted to be used to 
enclose service-entrance conductors under certain 
conditions.

For flexible metal conduit and liquidtight flexible 
metal conduit, conditions include that the conduit 
is not to be longer than 1.8 m (6 ft) between the 
service-entrance raceways or between the service 
raceway and service equipment. An equipment 
bonding jumper or supply-side bonding jumper is 
required to be routed with the flexible metal and 
liquidtight flexible metal conduit in accordance 
with NEC 250.102(A), (B), (C) and (E) and IRC 
E3908.20. Where flexible metal conduit is used 

Figure .12. Protect Type S  cable where sub ect to physical damage
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on the exterior of a building, the enclosed ser-
vice-entrance conductors must be suitable for use 
in a wet location as required in NEC 310.10(C) 
or IRC Table E3801.4. �e installation must be 
such that water (rain or snow) will not enter into 
other raceways or enclosures to which the flexible 
metal conduit is connected. Liquidtight flexible 
nonmetallic conduit is also permitted to be used 
to enclose service-entrance conductors. Electrical 
nonmetallic tubing (ENT) is permitted to be used 
to enclose service-entrance conductors where it is 
concealed within walls, floors and ceilings, in dry 
and damp locations and in wet locations indoors. 
Where installed exposed, ENT is usually limited 
to installation inside a building. ENT is not per-
mitted to be exposed to the direct rays of the sun, 
unless marked “sunlight resistant.”

Where a service raceway enters a building from 
an underground distribution system, it shall be 
sealed. �e seal is intended to keep moisture from 
entering the building through the raceway. Haz-
ardous gases, such as radon, are also prevented 
from entering through the raceway if the seal is 
properly installed. Either or both ends of the race-
way may be sealed. �e sealing compound shall 
be identified for use with the cable or conductor 
insulation. Some foam based sealing compounds 
have been tested for use in direct contact with 
insulation and cables. Check the manufacturer’s 
instructions for evidence of testing with electrical 
products prior to using the sealant (NEC 230.8 or 
IRC E3601.5).

Aboveground raceways are also required to be 
sealed where the raceway is run from outside the 
building to inside the building. Either or both 
ends of the raceway may be sealed. In this case, the 
intention of the seal is to prevent the circulation of 
warm air to a cooler area. Condensation and the 
resultant corrosion are inhibited by proper sealing. 
An explosionproof seal is not required here. �e 
sealant should be a material that is approved for 
contact with conductor insulation. Often inert 
materials, such as duct seal or silicon caulk, are 
accepted by the AHJ for this particular use [NEC 
300.7(A) or IRC E3802.7].

Ser ice quipment and ain 
Disconnecting eans  

ocation  Si es  and Types
All one- and two-family dwelling services are 
required to provide a means for disconnecting all 
conductors installed in a building or other struc-
ture from the service-entrance conductors. Service 
disconnecting means must be installed in a readily 
accessible location. It is permitted to be located 
outside the building or inside the building; but 
if located inside the building, the disconnect-
ing means has to be located “nearest the point 
of entrance” from where the service conductors 
enter the building. �e term nearest the point of 
entrance is not defined by the Code, and it is left 
to the judgment of the AHJ to determine this 
inside length. �is section leaves room for judg-
ment and interpretation by enforcement officials 
to accommodate a variety of conditions that may 
be encountered from one jobsite to another. Ser-
vice-entrance conductors, which typically do not 
have overcurrent protection ahead of them, are 
allowed to enter the building or structure but are 
required to terminate in the service disconnect 
as soon as possible. �is limits the length of the 
unprotected or unfused conductors within the 
building. Service conductors are not considered 
to be protected from short circuits and ground 
faults. �e only protection for these service con-
ductors is usually located on the primary side of 
the serving utility transformer. Some jurisdictions 
place a length limitation that defines this “nearest 
the point of entrance” rule; but, again, no length 
is specified in the Code. Care should be exercised 
here to not allow any more length than is neces-
sary where the service-entrance conductors must 
enter the building [see NEC 230.70(A)(1) or IRC 
E3601.6.2].

At dwelling units, the service conductors are 
considered outside the building under any of the 
following conditions (NEC 230.6):

1. �e conductors are installed in a suitable 
raceway under not less than 50 mm (2 in.) 
of concrete beneath a building or structure.
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2. �e conductors are installed in the 
building but the raceway or cable 
is encased in not less than 50 mm 
(2 in.) of concrete or brick.

3. Where installed in any vault that 
meets the construction require-
ments of Article 450, Part III 
(this provision would typically not 
apply to dwelling units).

4. �e conductors are installed in 
conduit and the conduit is under 
not less than 450 mm (18 in.) 
of earth beneath the building or 
structure.

5. Where installed within rigid met-
al conduit (RMC) or intermedi-
ate metal conduit (IMC) used to 
accommodate the clearance re-
quirements in NEC 230.24 (IRC 
E3604.2) and routed directly 
through an eave but not a wall of 
a building.

Note: Type SE cable is not permitted 
to be run through an underground race-
way (not listed and identified for a wet 
location). It is suitable for use in abo-
veground locations only.

�e disconnecting means is required 
to be installed where it will be readily 
accessible. �e term readily accessible 
is defined in NEC Article 100 and IRC 
Chapter 35 and requires that the discon-
necting means must be capable of being 
reached quickly so it may be operated, renewed or 
inspected without having to use tools, climb over 
or under or remove obstacles, or to use portable 
ladders.

One- and two-family dwellings may have a ser-
vice disconnecting means installed as part of the 
meter socket enclosure and located outside the 
structure. Other common locations for the service 
disconnecting means are in a basement or in a ga-
rage on the opposite side of the wall the meter base 
is mounted to. �is interior location must always 

Figure .1 . Ser ice-entrance conductor raceways

Figure .1 . Ser ice disconnecting means location outside the building 
or inside nearest the point of entry for the ser ice conductors

be nearest the point of entrance of the service-en-
trance conductors into the building. �is phrase 
has been the subject of varying interpretations for 
many years and should be discussed with the local 
electrical inspector or agency and electric supply 
company before the job is started. In some cases, 
the local rules require the disconnecting means to 
be located outside the building no matter what the 
situation.

Service disconnecting means are not permitted 
to be installed in bathrooms [NEC 230.70(A)(2) 
or IRC E3601.6.2]. In dwelling units, any type of 
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is suitable for making grounding connections, as 
well as bonding the neutral conductor to the en-
closure. �is equipment is suitable for use as feed-
er panelboards or subpanels where the grounded 
(neutral) bar can be isolated electrically from the 
enclosure.

Some equipment is identified as “SUITABLE 
FOR USE ONLY AS SERVICE EQUIP-
MENT”. �is marking identifies the equipment 
as having the grounded (neutral) terminal bar 
bonded to the enclosure at the factory. No means 
for removing the bonding connection in the field 
is provided. As a result, this equipment cannot 
be used as a feeder panelboard or subpanel. �e 
Code in most cases does not permit the grounded 
conductor (neutral) to be connected to normally 
non–current-carrying metal parts of equipment, 
to equipment grounding conductor(s), or to be 
reconnected to ground beyond the service equip-
ment [NEC 250.24(A)(5), 250.142(B) or IRC 
E3607.2]. Other forms of similar marking may be 
found, such as “SUITABLE FOR USE AS SER-
VICE EQUIPMENT WHEN NOT MORE 
THAN SIX MAINS ARE INSTALLED.” �is 
or similar marking may be found on main-lug 
panels that do not have a factory-installed main 
breaker. A main breaker or up to six main discon-
nects are permitted to be field installed. It is very 

overcurrent device (not just service over-
current devices) is not permitted to be 
installed in a bathroom [NEC 240.24(E) 
or IRC E3705.7(4)]. �e term bathroom 
is defined in NEC Article 100 and IRC 
Chapter 35. 

�e Code requires overcurrent devices 
to be readily accessible to the occupant 
of a one- or two-family dwelling. Over-
current devices are restricted from being 
located in the vicinity of easily ignitible 
material, such as in clothes closets, for 
obvious reasons. Overcurrent devices are 
also not permitted to be located over the 
steps of a stairway. As previously stated, 
the Code does not permit overcurrent de-
vices to be located in bathrooms of dwell-
ing units. �ere is an exception for supplementary 
overcurrent protective devices. Supplementary 
overcurrent devices may be installed in bathrooms. 
NEC Article 100 defines a Supplementary Over-
current Protective Device as “a device intended to 
provide limited overcurrent protection for specific 
applications and utilization equipment such as 
luminaires and appliances. �is limited protec-
tion is in addition to the protection provided in 
the required branch circuit by the branch-circuit 
overcurrent protective device.” �is type of supple-
mentary protection is sometimes installed for the 
protection of motors, luminaires and water heaters 
(see NEC 240.24 or IRC E3705.7).

ar ing of Ser ice  Disconnecting 
eans

Service equipment is required to be marked 
to identify it as being suitable for use as service 
equipment [NEC 230.66 or IRC E3606.4]. �is 
marking is provided by the manufacturer of the 
equipment and is often a part of the information 
on the label affixed inside the cabinet. �e marking 
is usually “SUITABLE FOR USE AS SERVICE 
EQUIPMENT” which indicates the equipment 
complies with the rules for disconnection of the 
premises wiring from the service conductors and 

Figure .15. Ser ice disconnect or o ercurrent de ices are not 
permitted in dwelling unit bathrooms
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important to consult the manufacturer’s installa-
tion instructions prior to using a main-lug panel 
for service equipment. Often such equipment is 
permitted only where a main circuit breaker is in-
stalled and back-fed.

Back-fed means the supply conductors are con-
nected to what are usually the load terminals of the 
breaker. Where a circuit breaker is installed in a 
panelboard and is back-fed, the Code requires that 
a hold-down mechanism be installed to secure the 
breaker to the enclosure. �is rule also applies to 
field-installed main lug assemblies. �e fastener 
must secure the breaker so a pull on the breaker 
will not dislodge it. �is prevents the inadvertent 
removal of a circuit breaker while the supply con-
ductors to the breaker are energized. �ese hold-

down devices are available as an accessory from 
the manufacturer of the circuit breaker and panel-
board. [NEC 408.36(D) or IRC E3706.5]

�e service disconnecting means must be per-
manently marked to identify it as a service dis-
connecting means [NEC 230.70(B) or IRC 
E3601.6.1]. Often this marking is in the form of 
an adhesive label with the word “MAIN” or the 
words “SERVICE DISCONNECT” on it. See 
photo 4.8 for a typical label used to indicate the 
“SERVICE DISCONNECT.” �e service dis-
connecting means must be identified for the pre-
vailing conditions. One example is a panelboard 
marked “Type 3R” or “Rainproof ” where installed 
in an outdoor location. �e rating of the panel-
board is maintained by using conduit and cable 
fittings listed for wet locations where the raceway 
or cable enters the enclosure above the level of live 
parts (NEC 312.2 or IRC E3907.2). A service 
disconnecting means or service rated panelboard 
marked “Type 1” or “Indoor Use Only” may not be 
used outdoors. Electrical enclosure types (such as 
“3R”) and degrees of protection can be explained 
and found at NEC Table 110.28 or IRC Table 
E3404.4.

For a one-family dwelling unit, a 100-ampere, 
3-wire service disconnecting means is the min-

Photo .6. Typical ser ice disconnecting means installed 
and located outdoors

Photo .7. Ser ice disconnecting means is required to 
be readily accessible to occupant (ser ice disconnecting 
means installed indoors).
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imum rating required [NEC 230.79(C) or IRC 
E3602.1]. See Chapter 2 in this publication 
for additional information on calculating the 
minimum rating of the service conductors and 
equipment.

or ing Space at Ser ice 
quipment

Ample working space is required in the vicinity of 
the service equipment so any repairs, operation or 

inspection can be performed safely. �is 
chapter concentrates on service equip-
ment, but working space is required for 
any piece of electrical equipment “likely 
to require examination, adjustment, ser-
vicing, or maintenance while energized.” 
Required indoor working space is spe-
cifically described in NEC 110.26 and 
Table 110.26(A)(1) or IRC E3405.2. A 
minimum width of 762 mm (30 in.), or 
the width of the equipment, whichever 
is greater, is required in front of the elec-
tric equipment. �e working space is re-
quired to be clear and must extend from 
the floor or platform to the height of 2.0 
m (6½ ft) or not less than the height of 
the equipment. In addition, the work-

space must permit doors on equipment to open at 
least to a 90-degree angle.

Within the height requirements specified in 
NEC 110.26 or IRC E3405.2, other equipment 
associated with the electrical installation is per-
mitted to extend not more than 150 mm (6 in.) 
beyond the front of the service equipment. Asso-
ciated equipment is permitted to be located above 
or below the service equipment. For example, a 
current transformer cabinet is 225 mm (9 in.) deep. 
If it were mounted below an enclosed panelboard 
that is 100 mm (4 in.) deep, the CT enclosure 
infringes 125 mm (5 in.) into the working space 
of the enclosed panelboard and is acceptable. A 
good way to describe the required working space 
is to imagine a large cardboard box (a refrigerator 
box, for example) that has the dimensions of the 
working space. It must be able to sit on the floor 
or working platform and slide right up to within 
150 mm (6 in.) of the front face of the panelboard 
or service equipment. �is requirement applies to 
all electrical equipment that is likely to require ex-
amination, adjustment, servicing, or maintenance 
while it is energized. It is always the best practice, 
and the law in many cases, to work on electrical 
equipment while it is de-energized.

At dwelling units with a typical 120/240 volt, 
single-phase, 3-wire service, the minimum depth 

Figure .16. Ser ice equipment is required to be mar ed as suitable 
for the use.

Photo . . Ser ice disconnect must be clearly identified as 
the ser ice disconnect.
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Figure .17. or ing space and dedicated electrical space at ser ice 
equipment

Figure .1 . idth of wor ing space at ser ice equipment

of the working space required in direc-
tion of access to the service equipment 
generally must not be less than 914 mm 
(3 ft). �is depth requirement is derived 
from NEC Table 110.26(A)(1) or IRC 
E3405.2 and could be more than 914 
mm (3 ft) depending on the conditions 
and the voltages involved. �is space 
must be clear from floor or working plat-
form to a height of not less than 2.0 m 
(6½ ft) or the height of the equipment, 
whichever is higher. As mentioned pre-
viously, some have described this clear 
working space as an imaginary (empty) 
refrigerator box having the dimensions 
of the required working space placed on 
the floor in the proper position in front 
of the equipment.

eight of or ing Space
A headroom of not less than 2.0 m 
(6½ ft) or the height of the equipment, 
whichever is higher, is required [NEC 
110.26(A)(3) or IRC E3405.2]. An 
exception to this rule permits head-
room to be less than 2.0 m (6½ ft) for 
service equipment or panelboards that 
do not exceed 200 amperes in existing 
dwelling units. �is exception permits 
the replacement of service equipment 
in older homes with less than the min-
imum headroom required by modern 
Code rules.

imited Access or ing Space
�e Code now addresses electrical equipment lo-
cated in spaces with “limited access” such as above 
suspended ceilings, attics, or crawl spaces. As pre-
viously stated, the working space rules in NEC 
110.26 or IRC E3405.2 apply to all equipment 
that is likely to require examination, adjustment, 
servicing, or maintenance while energized. Under 
previous editions of the Code, strict compliance 

with these working space rules in attics and crawl 
spaces was not feasible and, in some cases, not 
possible. �e electrical industry has been installing 
and accepting equipment in such spaces for de-
cades. Prescriptive requirements for such limited 
access spaces has been sorely lacking for that same 
time period. �is limited access provision is an at-
tempt to provide relief for both the installer and 
the enforcement community.

As for the specific requirements, the NEC 
does not specifically address the minimum size 
access opening to an attic. Electrical equipment 
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installed above a lay-in ceiling must 
have access through an opening not 
smaller than 559 mm x 559 mm (22 in. 
x 22 in.), which recognizes a standard 
2 ft x 2 ft lay-in ceiling grid opening. 
�e dimensions for a crawl space open-
ing [559 mm x by 762 mm (22 in. x 
by 30 in.)] correlate with the applica-
ble building codes and spaces between 
standard framing members. �e width 
of the limited access working space has 
to be the width of the enclosure, or a 
minimum of 762 mm (30 in.), which-
ever is greater (just like normal work-
ing space requirements). All doors or 
hinged panels must be capable of open-
ing a minimum of 90 degrees and the 
space in front of the enclosure must 
comply with the depth requirements of 
NEC Table 110.26(A)(1). Notice that 
the last list item here provides relief 
from the general working space height 
requirement and permits the height 
of the limited access working space to 
be the maximum height necessary to 
install the equipment in the limited 
space. Horizontal ceiling grid structur-
al member or removable access panels 
are permitted in this space as well. �e 
NEC address limited access working 
space for electrical equipment at NEC 
110.26(A)(4). See IRC E3405.2 for 
limited access working space require-
ments from the IRC.

�e IRC does address attics that 
contain appliances (mechanical equip-
ment). Attics containing appliances must have 
an opening and a clear and unobstructed pas-
sageway large enough to allow removal of the 
largest appliance, but not less than 762 mm (30 
in.) high and 559 mm (22 in.) wide. �e clear 
access attic opening dimensions cannot be less 
than 508 mm by 762 mm (20 in. by 30 in.), and 
large enough to allow removal of the largest ap-
pliance (see IRC M1305.1.2).

Photo . . inimum wor ing space is required about 
electrical equipment (including panelboard  meterbase  
AC units  etc.) ( ote  andscaping impeding into required 
wor ing space)

Figure .1 . quipment in attics and crawl spaces required to comply 
with limited access  wor ing space requirements

Dedicated lectrical Space
Indoors
All indoor panelboards installed at dwelling units are 
required to be located in dedicated electrical spaces 
and protected from damage. �is space is defined 
as the signature of the equipment, which is equal to 
the width and depth of the equipment and extend-
ing from the floor to a height of 1.8 m (6 ft) above 
the equipment or to the structural ceiling, whichever 
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is lower. Plumbing pipes, mechanical ducts, or any 
other equipment foreign to the electrical system is 
not permitted to penetrate this dedicated electrical 
zone or space. [NEC 110.26(E)(1) or IRC E3405.3].

Dedicated lectrical Space
utdoors

�is same basic dedicated equipment or electri-
cal space is also required for outdoor installations 
for panelboards and electrical equipment. With 
outdoor installations, some of the same “equip-
ment foreign to the electrical installation” is often 
present such as gas piping, water piping, irrigation 
equipment, phone and internet equipment, and 
other equipment not associated with the electri-
cal service equipment. �ese foreign systems are 
often installed outdoors above or below the elec-
trical equipment. When installed in the dedicated 
electrical space, these foreign items impede access 
to the electrical equipment. �is is true regardless 
if the electrical equipment is installed indoors or 
outdoors. [NEC 110.26(E)(2) or IRC E3405.4].

Illumination of or ing Space
Illumination of indoor workspace is required. 
No minimum foot-candle level of illumination 

is specified, but adequate illumination 
to be able to work safely on the equip-
ment is required and this illumination 
source cannot be controlled only by an 
automatic means such as a motion sen-
sor. Additional luminaires (dedicated to 
the workspace) are not required where 
the space is adequately illuminated by an 
adjacent light source. An example of the 
application of this part of the rule is ser-
vice equipment installed in the garage. If 
the luminaires installed to illuminate the 
garage also illuminate the service equip-
ment workspace, the Code requirement is 
met.

aximum umber and rouping 
of Disconnects
Generally, buildings or structures are permit-
ted to have only one service. Several conditions 
exist at NEC 230.2 that would allow the AHJ 
to permit more than one service per building 
or structure, but typically, dwelling units are 
allowed to only have one service. �e IRC re-
stricts dwelling units to only one service at IRC 
E3601.2. A service disconnecting means is re-
quired for each service permitted by the Code. 
�e service disconnecting means can be either a 
single disconnect or it is permitted to consist of 
not more than six switches or six circuit break-
ers mounted in a single enclosure, in a group of 
separate enclosures, or in or on a switchboard. 
No more than six service disconnects per ser-
vice may be grouped in any one location [NEC 
230.71(A) or IRC E3601.7].

As indicated, up to six service disconnects are 
permitted to be installed in one or up to six en-
closures. A single main disconnect in a panelboard 
that is rated 100-, 150-, or 200-amperes is the most 
common configuration at dwelling units. �e Code 
generally requires a panelboard to be protected by 
an overcurrent protective device having a rating 
not greater than that of the panelboard. �is over-
current protective device can be located within or 

Figure .20. Illumination and headroom are required at ser ice 
equipment.
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at any point on the supply side of the panelboard. 
�ere are three exceptions to this general rule 
(NEC 408.36 or IRC E3706.3). Services between 
the 200- and 400-ampere ratings are commonly 
installed with two main breaker panelboards or 
two fusible switches or some combination thereof. 
Some electric utility or local electrical rules may 
require a single main disconnect. �e requirement 
is that the service disconnects be grouped at the 
same location. For example, in most cases it is not 
acceptable to install one service disconnect outside 
the dwelling and another inside. All have to be at 
the same location. �is is an important safety pro-
vision for the occupant and the property. Grouping 
the disconnecting means at one location facilitates 
disconnecting the building during an emergency.

Common area circuits are addressed in the NEC 
but are not mentioned in the IRC. It is not often 
that a “house” panel or common area circuits are 
utilized for single-family dwellings. A house panel 
is more common in a two-family dwelling where 
loads such as a well pump or on-site waste pump 
are shared by both occupants. Common area cir-
cuits are often utilized at multifamily dwellings 
for corridor lighting, etc. By the requirements of 
IRC E3401.2, if common area circuits are en-
countered with two-family or multifamily dwell-
ing unit installations, the rules in the NEC have to 
be followed.

NEC 230.40 Exception No. 1 permits buildings 
with more than one occupancy to have one set of 
service-entrance conductors run to each occu-
pancy. �e location of the service disconnecting 
means for each occupancy must be in accordance 
with the location provisions found in NEC 
230.70(A) or IRC E3601.6.2. A two-family or 
multifamily dwelling shall be permitted to have 
one set of service-entrance conductors installed 
to supply any common area circuits covered in 
NEC 210.25. �is exception reflects the current 
practice of installing a “house panel” to supply 
common area branch circuits. Such circuits can-
not be supplied from an individual dwelling unit 
panelboard. �e house panel contains the branch 
circuits that supply loads such as the fire alarm 

Figure .21. Ser ice disconnecting means grouping 
requirements Ser ice Disconnects for Common Area 
Circuits

system, security systems, public area lighting, 
shared utilization equipment such as a furnace, 
well, or sump pump, or perhaps shared appliances 
such as a washer or dryer. �e service disconnect 
that supplies the house panelboard would not 
necessarily have to be grouped with any other ser-
vice disconnect. �e house panels must be readily 
accessible and located either outside or inside the 
building nearest the point of entrance of the ser-
vice-entrance conductors [NEC 230.70(A)(1) or 
IRC E3601.6.2].

Ser ice for utbuildings on the 
Same Premises
Several factors should be considered when deciding 
how to supply electrical power to an outbuilding lo-
cated on the same site as the dwelling. One option 
is where a service is to be installed for a dwelling 
and a remote building such as a garage or work-
shop, two service disconnects can be installed at a 
common location, and a feeder can be run to each 
building. �e service disconnects are grouped at one 
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building. �e utility normally charges a fee for 
each service and a monthly charge for each meter.

Connections to the service-entrance conductors 
or service lateral must be made in an acceptable 
manner. Such connections can be made in a wire-
way, pull box or inside the meter enclosure where 
there is adequate space. Some meter sockets are 
equipped with lugs suitable for two conductors 
which would be ideal for making these connec-
tions (NEC 230.46 or IRC E3605.3). Chapter 
15 of this publication provides specific rules for 
required disconnects as well as grounding and 
bonding requirements where separate buildings or 
outbuildings are supplied by feeder(s) or branch 
circuit(s).

Si ing of Ser ice- ntrance 
Conductors
A couple of methods can be used to determine the 
minimum rating of service-entrance conductors. 
�e first is to perform a load calculation in ac-
cordance with NEC Article 220 or IRC E3602.2 
and Table E3602.2. We reviewed several meth-
ods for performing load calculations in Chapter 
Two. Another way of determining the minimum 
rating is in accordance with NEC 230.42(B) or 
IRC E3602.1, where a minimum ampacity of 100 
amperes is required for a one-family dwelling. �is 
is due to the reference in NEC 230.79(C) or IRC 
E3602.3 as to the rating of the service-entrance 
conductors not being less than the rating required 
for the service. �e minimum rating of the service 
disconnecting means for a one-family dwelling is, 
therefore, 100 amperes.

Si ing Ser ice- ntrance 
Conductors for Dwelling nits
NEC 310.15(B)(7) or IRC E3603.1 applies spe-
cifically to the service-entrance, service-lateral 
and the main power feeder conductor for dwelling 
units served at 120/240 volts, 3-wire, single-phase. 
NEC 310.15(B)(7) can also be applied to the 
single-phase feeder conductors consisting of 2 

Figure .22. Ser ice-entrance conductors to separate 
building

common location either inside or outside at either 
building.

Another option is to run a set of service-entrance 
conductors from a common outside location to 
the second building. �e common location may be 
an enclosure, such as a wireway or meter-socket 
enclosure. As indicated, the single service drop or 
lateral is permitted to be installed to supply either 
or both buildings. �e service-entrance conduc-
tors must remain outside the buildings or struc-
tures. �e service disconnecting means for each set 
of service-entrance conductors at any remote indi-
vidual building or structure must be located either 
outside the building or inside nearest the point of 
entrance of the service conductors. �e Code does 
not require a single disconnecting means for both 
buildings. However, a service disconnect must be 
installed for the conductors supplying each build-
ing (NEC 230.40 Exception No. 3).

�is is a common application in residential in-
stallations with multiple buildings on the same 
property. �ese provisions are permitted to be ap-
plied to both new and existing installations alike. 
In many cases, the owner does not want to request 
an individual service and utility meter for each 
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ungrounded conductors and the neutral 
conductor from a 208Y/120 volt system. 
For a service or feeder rated 100 through 
400 A, the service or feeder conductors 
supplying the entire load associated with 
a one-family dwelling, or the service or 
feeder conductors supplying the entire 
load associated with an individual dwell-
ing, unit in a two-family or multifamily 
dwelling, shall be permitted to have an 
ampacity not less than 83 percent of the 
service or feeder rating. �e service or 
feeder rating would be derived using the 
standard ampacity ratings found at NEC 
240.6(A) or IRC E3705.6 and the cal-
culated loads involved. �e size of these 
service or main power feeder conductors 
would then be derived from NEC Table 
310.15(B)(16) or IRC Table E3705.1.

It should be noted that these sections 
do not assign a different ampacity for 
these conductors, but rather provide a 
reduced rating when using the calculat-
ed values. Only the specific conductors 
addressed in the subsections are permit-
ted to be used for this application. 

�ese reduced calculated values are 
also permitted to be used for the feeder 
conductors that serve as the main pow-
er feeder to a dwelling unit. �e main 
power feeder is not defined in the NEC 
or the IRC. In previous editions of the 
Code, this main power feeder was de-
fined as “…the feeder between the main 
disconnect and the panelboard that supplies, either 
by branch circuits or by feeders, or both, all loads 
that are part or associated with the dwelling unit.” 
In the current edition of the Code, it is recognized 
as “the feeder conductors supplying the entire load 
associated with a one-family dwelling, or the feed-
er conductors supplying the entire load associated 
with an individual dwelling, unit in a two-family 
or multifamily dwelling” [see NEC 310.15(B)(7)
(2) or IRC E3603.1.2]. To use this 83 percent 
reduction for selection of the main power feeder, 

this feeder must supply all loads associated with 
the dwelling unit, which means there can only be 
one of the main feeders per dwelling unit that this 
83 percent value can be applied.

Feeder conductors that supply other buildings 
such as a detached garage or accessory structure 
are required to be of sufficient size for the load 
served. Calculating the minimum ampacity of 
the conductors requires knowing the loads [NEC 
215.2(A)(1)]. NEC Table 310.15(B)(16) or IRC 
Table E3705.1 is then used to determine the min-

Figure .2 . Si e of ser ice-entrance conductors and main 
power feeder

Figure .2 . The main power feeder supplies all branch circuits  
feeders  or both  associated with the dwelling unit loads
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Figure .25.  NEC Section 10.15( )(7) is permitted to be used to si e 
dwelling unit ser ice conductors and the main power feeder

Figure .26.  NEC Section 10.15( )(7) is permitted to be used along 
with any required temperature correction factor to si e dwelling unit 
ser ice conductors and the main power feeder

imum size of these feeder conductors that are not 
the main power feeder (no 83 percent reduction 
permitted). For service conductors or a main pow-
er feeder, the sizing requirements from both the 
NEC and the IRC are the same except for the lim-
itation on the service size and rating imposed by 
the IRC. �e NEC does not impose a maximum 
rating for the service on a one- or two-family 
dwelling. However, NEC 310.15(B)(7) is limited 
to 400 amperes. Any service or main power feeder 

above those ampacity levels must follow 
all other applicable requirements using 
NEC Table 310.15(B)(16).

Where correction or adjustment fac-
tors are required by NEC 310.15(B)(2) 
of IRC E3705.2 (ambient temperature 
correction factors) or NEC 310.15(B)
(3)(a) or IRC E3705.3 (more than three 
current-carrying conductors), they are 
permitted to be applied to the ampacity 
associated with the temperature rating 
of these dwelling unit service or feeder 
conductors. See Example D7 in the In-
formational Annex D of the NEC for an 
example of how to apply the 83 percent 
reduction value to dwelling unit service 
and a main power feeder conductors. 
Two examples are provided at Example 
D7, one example with no required ad-
justment or correction factor involved 
and the other example shows how to ap-
ply the 83 percent reduction value along 
with a required temperature correction 
factor. Users of the Code will also find a 
table following Informational Annex D 
Example D7. �is table is the same table 
that resided at NEC Table 310.15(B)(7) 
prior to the 2014 edition of the NEC.

Where NEC 310.15(B)(7) or E3603.1 
is used to select the ungrounded (hot) 
service-entrance conductors, the size of 
the neutral service-entrance or feeder 
conductor is required to be no smaller 
than the maximum unbalance of the 
load. �e neutral is no longer automat-

ically permitted to be not more than two AWG 
(American wire gauge) sizes smaller than the 
ungrounded conductors. As can be seen in the 
load calculations in Chapter 2, the neutral load 
is usually small as compared to the load on the 
ungrounded or hot conductors. A grounded (neu-
tral) conductor that is smaller than the unground-
ed conductors is permitted where the calculation 
of the neutral load permits a smaller size, but the 
minimum size of the grounded service-entrance 
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Figure .27.  eproduction of table following C Informational Annex 
D xample D7 formerly NEC Table 10.15( )(7)

Figure .2 . erload protection for ser ice-entrance conductors

conductor (neutral) is not permitted to 
be smaller than the required ground-
ing electrode conductor specified in 
either NEC Table 250.66 or IRC Table 
E3603.4.

erload Protection 
for Ser ice- ntrance 
Conductors
In most cases, each ungrounded (hot) 
service-entrance conductor must be 
protected from overload by an overcur-
rent device installed in series with the 
conductor that will operate during an 
overload. Each ungrounded service con-
ductor is required to have overload pro-
tection [NEC 23.90 or IRC E3603.3]. 
An overload includes operation of 
equipment in excess of normal, full-load 
rating, or of a conductor in excess of 
rated ampacity, which, if 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.

�is overcurrent protective device 
must generally be rated or set not high-
er than the conductor ampacity rating. 
Unlike branch circuits or feeders, ser-
vice-entrance conductors are protected 
from overload at their load end rather 
than at their supply end as can be seen 
in figure 4.28. Service-entrance conductors are not 
protected from overcurrents due to short circuits 
or ground faults. A short circuit occurs when two 
ungrounded conductors, or an ungrounded and a 
grounded conductor, come into contact with each 
other. A ground fault occurs when an ungrounded 
conductor contacts an enclosing metal raceway or 
other grounded part. Short-circuit and ground-
fault protection for these faults that occur on the 
line side of the service overcurrent protection is 
provided by the fuse on the line side of the electric 
utility transformer. �is transformer line-side fuse 

is set to protect the transformer and provides lit-
tle protection for the service-entrance conductors. 
�is is the main reason the Code limits the length 
of service-entrance conductors inside the building.

�e ungrounded service-entrance conduc-
tors must be protected at their ampacities. NEC 
240.4(B) or IRC E3705.5.2 permits the next 
standard rated overcurrent device to be used, up to 
800 amperes, where the ampacity of the conductor 
does not match the rating of the standard circuit 
breaker or fuse. An example of this is a 4/0 AWG 
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Type THW aluminum conductor which 
has an allowable ampacity in NEC Table 
310.15(B)(16) or IRC Table E3705.1 of 
180 amperes. It may be protected at the 
next standard overcurrent device rating of 
200 amperes. �e noncontinuous load on 
the conductor is limited to 180 amperes.

�e IRC requires the service-en-
trance conductors to be protected in 
accordance with the specifics of IRC 
E3603.1. Because this section requires 
the minimum size conductor for the 
service, using the “next higher standard 
overcurrent protective device rating” is 
usually not an option, as it sometimes is 
in accordance with the NEC. It should 
be noted that the IRC does permit this 
for feeders and branch circuits, as in-
dicated in IRC E3705.5.2, but is more 
restrictive for services. �e exception to 
IRC E3603.3.1 and NEC 230.90(A) 
Exception No. 3 both permit not more 
than six circuit breakers or sets of fus-
es to serve as the overcurrent device to 
provide the overload protection for the 
service-entrance conductors.

Panelboards
Two types of panelboards are common-
ly used in residential occupancies. One 
type of panelboard comes with a main 
circuit breaker or set of fuses. �e main breaker 
is installed at the factory by the manufacturer. 
�e second type has no main breaker. �is type 
of panelboard is commonly referred to as a “Main 
Lug Only” (MLO) panelboard. �e latter type 
may be used as the service disconnecting means 
if marked “suitable for use as service equipment 
when not more than six main circuit breakers are 
installed” or similar marking. �e construction of 
the panelboard is such that the number of mains is 
limited to the maximum number permitted by the 
Code and intended by the manufacturer. For ex-
ample, a single-phase panelboard marked “suitable 

for use as service equipment when not more than 
six main circuit breakers are installed” will have 
twelve poles. In other words, the construction will 
inherently limit a maximum of six two-pole circuit 
breakers.

Where a main-lug only (MLO) panelboard is 
installed, the ungrounded service or feeder con-
ductors are connected directly to the main lugs on 
the load side rather than to a circuit breaker or set 
of fuses. �e service-entrance conductors are sized 
for the calculated load, not necessarily for the rat-
ing of the panelboard. �is (MLO) panelboard 
will be protected from overcurrent and overload 

Photo .11 Typical main lug only ( ) panelboard

Photo .10  Ser ice conductors are required to ha e o erload protection
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on the supply-side of the feeder with a disconnect-
ing means consisting of two main circuit breakers 
or two sets of fuses having a combined rating not 
greater than that of the panelboard.

Also, the rating of the service-entrance conduc-
tors is not required to equal the sum of the ratings 
of the circuit breakers or sets of fuses. Normally 
only two-pole circuit breakers are installed. �e 
two-pole “mains” supply feeder or sub-panel-
boards or larger 240-volt loads such as air-condi-
tioning equipment.

ercurrent Protection for  
Panelboards
Panelboards are required to be protected by an 
overcurrent protective device having a rating not 
greater than that of the panelboard as per NEC 
408.36 or IRC E3706.3. �is overcurrent protec-
tive device can be located either within or at any 
point on the supply side of the panelboard. �ere 
are three exceptions to this main rule for individ-
ual overcurrent protection.

Individual protection is not required for a pan-
elboard used as service equipment with multiple 
disconnecting means such as a panelboard with 
up to six sets of circuit breakers as permitted by 
NEC 230.71 or IRC E3601.7. Care must be taken 

to insure that panelboards protected by 
three or more main circuit breakers or 
sets of fuses does not feed a second bus 
structure within the same panelboard. 
�is was commonly known as a “split-
bus” panelboard a number of years ago.

Individual protection is not required 
at a panelboard protected on its supply 
side by two main circuit breakers or two 
sets of fuses having a combined rating 
not greater than that of the panelboard. 
An example of this would be a feeder or 
sub-panelboard (located in an attached 
garage) being supplied by a feeder from 
a service disconnect located on the oppo-
site end of the dwelling. Again, caution 
must be implemented here because a 

panelboard supplied in this fashion cannot contain 
more than 42 overcurrent devices (a 2-pole circuit 
breaker is considered as two overcurrent devices). 
�is scenario is the only limitation to the number 
of overcurrent devices that a panelboard is allowed 
to contain if the panelboard is listed to accept more.

�e third exception from individual overcur-
rent protection is for existing panelboards at 
single-family dwellings where the panelboard is 
being used as service equipment.

�e service disconnecting means can utilize a 
combination of up to six main breaker panelboards, 
main breakers, or main fuses in separate enclosures. 
�e two to six disconnecting means are installed 
adjacent to each other and are supplied from a 
common set of service-entrance conductors. �e 
main service-entrance conductors are protected 
from overload by the calculated load on the service. 
�e service-entrance conductors installed to the 
individual service disconnecting means are pro-
tected by the overcurrent device they are in series 
with. �e service panelboard is also protected by the 
main breaker or fuses that are an integral part of the 
panelboard serving as service equipment. Where a 
panelboard is installed as service equipment, it must 
be rated for the connected load. �is panelboard 
must be marked “suitable for use as service equip-
ment” when used in this manner.

Figure .2 . xamples of three di erent types of o ercurrent protection 
for panelboards
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quipment Connected to the 
Supply Side of the Ser ice 
Disconnecting eans
�e Code limits the type of equipment that is 
permitted on the line side of the service main. 
Meters, meter sockets, and meter disconnects are 
the most common type of equipment permit-
ted ahead of the service disconnecting means at 
dwelling units. �e metal meter socket or pedestal 
must be grounded. See Chapter 5 of this book for 
additional information on the various techniques 
used to ground equipment on the supply side of 
the main disconnect.

Interconnected alternate power sources such 
as solar photovoltaic (PV) systems, fuel cell sys-
tems, and wind-powered generators are also per-
mitted ahead of the service main. NEC Article 
690 and Chapter 17 of IAEI’s Soares Grounding 
and Bonding textbook is an excellent resource 
for  requirements and additional information on 
grounding of solar photovoltaic (PV) systems. 
NEC Article 705 contains the requirements for 
interconnected electric power production sourc-
es. A requirement common to all such systems is 
a need to disconnect automatically the intercon-
nected source from the supply conductors during 
a power outage. �is must be done in order to 
protect utility personnel or others that may work 
on the supply lines.

Type 2 surge-protective devices are also per-
mitted on the supply side of the service discon-
necting means. Such devices are specified in or-
der to protect sensitive and expensive electronic 
equipment from voltage surges on the supply 
conductors. �e surge-protective devices must 
be installed as part of listed equipment and pro-
vided with a disconnecting means and suitable 
overcurrent protection. �e Code does not permit 
the surge-protective devices to be connected by 
placing the supply conductors to the device un-
der the same terminal screw as the supply con-
ductors to the main breaker or main set of fuses. 
See NEC 230.82 for equipment that is permitted 
to be connected ahead of the service disconnect-
ing means.

Installing Ser ice- ntrance 
quipment for Two-Family 

Dwellings
Service equipment for two-family dwellings is 
usually installed in one of two methods. �e first 
method is to group the service disconnects at one 
location, usually near the metering equipment. A 
feeder is run to each of the dwelling units where a 
subpanel or feeder panel is installed. �is method 
is permitted by NEC 230.40 Exception No. 2.

�e second method is not to group the service 
disconnects but to locate them in or on the in-
dividual dwelling unit. In this case, the metering 
equipment is at one location, which is usually re-
quired by the serving utility, and service-entrance 
conductors are run to each dwelling unit. NEC 
230.40 Exception No. 1 permits this alternative 
method. Requirements for installing services for 
one-family dwellings apply for two-family dwell-
ings as well, unless specific modifications of the 
rules are provided.

umber of Ser ice Drops or 
aterals

�e Code generally limits the number of services 
to a building to not more than one. Service as de-
fined in NEC Article 100 and IRC Chapter 35 
includes the service drop and service lateral. As a 
result, no more than one service drop or service 
lateral can be run to the building unless the in-
stallation complies with one or more of the spe-
cial conditions or applications at NEC 230.2(A) 
through (D). �e IRC is more restrictive in this 
case and permits only one service to a dwelling 
unit with no exception (see IRC E3601.2).

Building is defined in NEC Article 100 as “A 
structure that stands alone or that is seperated 
from adjoining structures by firewalls.” Specifica-
tions on what type of construction constitutes a 
building separation firewall are not in the NEC 
but are located in the IRC or other applicable 
building codes. Where a structure has a firewall 
that divides it into two buildings (under one roof ), 
a service, including a service drop or service lateral, 
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may be run to each building (under one 
roof ).

Building is defined in Section R202 
of the IRC as “any one- or two-family 
dwelling or portion thereof, including 
townhouses,  used or intended to be 
used for human habitation, for living, 
sleeping, cooking or eating purposes, or 
any combination thereof, or any accesso-
ry structures.” More specifics are includ-
ed in the IRC definition that may assist 
enforcing authorities with interpretation 
of some electrical code requirements.

Two-Family Dwelling 
Ser ices  erhead
As previously stated, the Code generally 
permits only one service drop to a build-
ing. Additional services may be installed if 
special conditions, special occupancies, ca-
pacity requirements, or different character-
istics permit. None of these are common to 
one- or two-family dwelling construction. 
As a result, the two-family dwelling, with-
out a firewall separating it into two sepa-
rate buildings, is generally permitted to be 
supplied by only one service drop.

�e Code generally limits a service 
drop or service lateral to supplying no 
more than one set of service-entrance 
conductors. For a building with more 
than one occupancy, such as a two-family 
dwelling, a set of service-entrance conductors are 
permitted to each occupancy. �is provision allows 
for the installation of two service masts that have 
the service-entrance conductors spliced to the 
service-drop conductors at one common location. 
In this case, the service disconnecting means do 
not have to be grouped at one location due to the 
language in NEC 230.71(A) or IRC E3601.6. All 
other rules for installing service equipment, such 
as not more than six disconnecting means grouped 
at one location, apply at the location chosen for 
the service equipment in or on each occupancy.

A duplex meter socket may be installed at one 
location and the service-entrance conductors run 
to each unit. �is arrangement is shown in figure 
4.30. Where a duplex meter socket is provided, it 
must have an ampere rating for each socket that 
is adequate for the calculated load or service-en-
trance overcurrent protective device rating at the 
individual service disconnect. In addition, the me-
ter socket assembly must have an overall ampere 
rating that is suitable for the calculated load on the 
service-entrance conductors supplying the service 
as determined by NEC 220 or IRC E3602.1 and 

Figure . 0. Two-family dwelling ser ice equipment

Figure . 1. Two-family dwelling ser ice disconnecting means located 
in or on the unit.
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Figure . 2. Permitted installation of ser ice laterals

Figure . . Another permitted installation of ser ice laterals

Table E3602.2. For example, the total load for a 
two-family dwelling is calculated and determined 
to be 135 amperes. �e load to each unit is cal-
culated at 70 amperes and 65 amperes. �e du-
plex meter socket should have an overall rating 
of at least 150 amperes and each socket rated for 
100 amperes. See Chapter 2 of this textbook for 
methods and examples of calculating the load on a 
two-family dwelling.

Where a duplex meter socket is installed, two 
methods are provided for locating the service 
disconnecting means. �e first method is to lo-
cate the service disconnecting means at the me-

ter socket location and to run feeders 
to the individual dwelling units where 
a branch-circuit panelboard is installed. 
�e second method is to run service-en-
trance conductors to each unit and to 
locate the service disconnecting means 
and branch-circuit panelboard in or on 
the individual units. Both are common 
methods of serving two-family dwell-
ings.

�e latter method involves running 
service-entrance conductors to each unit. 
Each set of service-entrance conductors 
that arrives at its respective dwelling unit 
must be provided with a service discon-
necting means that meets all the rules 
in NEC 230.71(A) and IRC E3601.6.2 
and NEC 230.72. A single disconnect, or 
not more than six grouped at that loca-
tion, would be permitted for each set of 
service-entrance conductors that supply 
each of the dwelling units of a two-fam-
ily dwelling structure. An additional set 
is permitted to supply a “house panel.” 
A house panel supplies loads shared by 
both occupants.

�e former method keeps the service 
disconnecting means grouped at one 
common location. Where two (or more) 
sets of service-entrance conductors are 
derived from a single drop or lateral and 
the service disconnect(s) are adjacent 

to each other, the grouping requirements for any 
one location should be applied. �e Code does not 
mention a distance here, and the authority having 
jurisdiction (AHJ) usually has the responsibility for 
approving the application of these locations and 
grouping requirements based on particular condi-
tions.

Any service disconnect means must be located to 
meet the requirements found in NEC 230.70(A)
(1) or IRC E3501.6.2. �e Code requires the ser-
vice disconnecting means to be either outside the 
building or inside nearest the point of entrance of 
the service conductors.
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Figure . . Typical dwelling unit ser ice diagram for o erhead or underground
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Two-Family Dwelling Ser ices  
nderground

NEC 230.2 coordinates with the rule in NEC
230.40 that limits to one the number of ser-
vice-entrance conductors that can be supplied by 
a service drop or service lateral. Exception No. 2 
to NEC 230.40 permits a service lateral to supply 
more than one set of service-entrance conductors 
where two to six service disconnecting means are 
grouped at one location and supply separate loads. 
�e second method is not to group the service dis-
connects but to locate them in or on the individual 
dwelling unit. In this case, a splice box or metering 
equipment is at one location, and service-entrance 
conductors are run to each dwelling unit. NEC 
230.40 Exception No 1 permits this alternative. 

Both methods are illustrated in figure 4.32 and 
figure 4.33. In the first case, a separate service 
lateral is run to each of the service disconnecting 
means at the building. �e service disconnecting 
means must be grouped at one location. �is is 
considered one service lateral by NEC 230.2.

Another alternative is to run one service lateral 
to the building to a single enclosure. �e enclosure 
may be a splice box but usually is a duplex meter 
pedestal. �e service-lateral conductors are con-
nected to the service-entrance conductors, which 
are then run to each dwelling unit’s service discon-
necting means. �e dwelling unit’s service equip-
ment is not required to be located at a common site 
in this case but can be in or on the individual dwell-
ing unit. �e rules limit the maximum number of 
service disconnecting means to six at one location 
as previously discussed for overhead services.

In some limited cases, a two-family dwelling may 

be classified as two separate buildings. One appli-
cation is where the units share a common property 
line and are separated by a firewall. In this case, the 
Code permits a separate service. Where two services 
are supplied to a single building to accommodate 
two-family occupancy, and they are not grouped 
at the same location, the Code requires an identi-
fication sign at each service location that directs 
persons to the location of the additional service 
located on that building. �is may be applicable to 
installations falling under the requirements of the 
NEC, but would not be applicable to dwellings fall-
ing under the requirements of the IRC.

Plaque or Directory
Where more than one service is installed on 
a dwelling, the provisions in NEC 230.2 and 
230.2(E) require a permanent plaque or directory 
be placed at each service-disconnect location de-
noting other service-equipment locations on the 
structure or building and the area served by each.
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Questions
1. “�e overhead conductors between the service 

point and the first point of connection to the ser-
vice-entrance conductors at the building or other 
structure” is the definition of which of the following:

A. Service Drop
B. Service Conductors, Overhead
C. Service Conductors, Underground
D. Service Conductors, Supply-Side

2. �e NEC requires that service masts be of 
adequate strength for any service raceway that is 
used for the support of service drop conductors.

True ______ False _____ 

3.  Service conductors must have a clearance of 
not less than ________________ distance from 
the side or bottom of a window.

A. 150 mm (6 in.)
B. 475 mm (18 in.)
C. 600 mm (24 in.)
D. 900 mm (36 in.)

4. Service-entrance conductors passing over a 
flat roof must be at least what distance over the 
roof surface.

A. 900 mm (3 ft)
B. 1.8 m (6 ft)
C. 2.1 m (7 ft)
D. 2.5 m (8 ft)

5.  Service-entrance conductors are permitted to 
be installed within all of the following raceways 
except:

A. Electrical metallic tubing
B. Intermediate metal conduit
C. Surface metal raceway
D. Rigid PVC conduit

6. �e minimum distance from ground for the 
point of attachment for service-drop conductors is 
_______ above finished grade.

A. 2.1 m (7 ft)
B. 2.5 m (8 ft)
C. 2.7 m (9 ft)
D. 3.0 m (10 ft)

7. Where passing over a residential driveway, a 
120/240 volt, 3-wire service drop must provide a 
minimum height above grade of:

A. 3.0 m (10 ft)
B. 3.7 m (12 ft)
C. 4.5 m (15 ft)
D. 5.5 m (18 ft)

8. Type UF cable is permitted to be used as ser-
vice-entrance conductors.

True ______ False ______

9. A single-family dwelling with more than two 
2-wire branch circuits must have service equip-
ment rated at not less than 60 amperes.

True ______ False ______
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10. Service-entrance conductors must be pro-
vided with overload protection in each:

A. Grounding electrode conductor
B.  Ungrounded conductor and neutral 

 conductor
C. Ungrounded service conductor
D. Grounding and bonding conductor

11. Where it is impracticable to locate a service 
head above the point of attachment of a Type SE 
cable, it can be located how far from the point of 
attachment?

A. 300 mm (12 in.)
B. 450 mm (18 in.)
C. 600 mm (24 in.)
D. 900 mm (36 in.)

12. Where service-entrance cables are installed 
in exposed places, such as in a driveway, they are 
required to be protected from physical damage by 
any of the following raceways except:

A. Rigid metal conduit
B. Intermediate metal conduit
C. Flexible metal conduit
D. Schedule 80 PVC conduit

13. Individual protection is not required at a 
panelboard protected on its supply side by two 
main circuit breakers or two sets of fuses having a 
combined rating not greater than that of the pan-
elboard.

True _____ False _____

14. A reduction of clearance above the roof area 
for an overhead service drop to 900 mm (3 ft) is 
permitted where the voltage between conductors 
does not exceed 300 volts and the roof area is 
__________ .

A. guarded
B. isolated
C. both A and B
D. flat across the entire roof surface

15. Service-entrance conductors shall be con-
sidered outside of a dwelling unit building under 
any of the following conditions except:

A. Where installed under not less than  
 50 mm (2 in.) of concrete beneath the   
 building.

B. Where installed within the structure in a 
raceway that is encased in concrete or   

 brick not less than 50 mm (2 in.) thick.
C. Where installed within the structure in 

rigid metal conduit.
D. Where installed in conduit and under not  

 less than 450 mm (18 in.) of earth  
 beneath the building.

E. Where installed in overhead service masts 
 on the outside surface of the dwelling  
 traveling through the eave of the dwelling  
 meeting the requirements of NEC 230.24 

or IRC E3604.2.

16.  Two service drops are permitted to be in-
stalled to a two-family dwelling without firewalls.

True ______ False ______

17. �e minimum working space at service 
equipment is permitted to be the width of the 
equipment or 762 mm (30 in.) whichever is less.

True ______ False ______
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18. Service disconnecting means supplying a 
one-family dwelling at minimum are not permit-
ted to have an ampacity rating of less than 100 
amperes.

True ______ False ______

19. A two-family dwelling is permitted to have 
an additional disconnecting means to service 
common area loads such as lighting, joint laundry 
facilities or a shared well.

True _____ False _____

20. A 120/240-volt, single-phase dwelling ser-
vice or main power feeder shall be permitted to be 
sized at a minimum in accordance with:

A.  NEC Table 310.15(B)(16)
B.  NEC 310.15(B)(7)
C.  NEC Table 310.15(B)(3)(c)
D.  NEC Table 250.102(C)(1)

21. Where service conductors passing over a 
roof are securely supported by a substantial met-
al structure, the supporting structure should be 
bonded using NEC Table __________.

A. 250.66
B. 250.122
C. 250.102(C)(1)
D. 250.92

22.  A device intended to provide limited over-
current protection for specific applications and 
utilization equipment such as luminaires and ap-
pliances is referred to as a(n) __________.

A. supplementary overcurrent protective device
B. fuse
C. circuit breaker
D. primary overcurrent device

23.  When dealing with a limited access space, 
the working space is defined as the width of the 
equipment enclosure or __________, whichever is 
greater.

A. 300 mm (12 in.)
B. 600 mm (24 in.)
C. 762 mm (30 in.)
D. 900 mm (36 in.)
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General Requirements
�e requirements for grounding and 
bonding can be challenging topics to 

understand, but it is vital for electrical safety that 
their minimum requirements be met. It is also 
vital that the concepts and objectives of effective 
grounding and bonding are understood. When one 
understands the “how” and the “why” behind what 
is actually required from a performance objective, 
application of Code rules becomes easier. When 
the term grounding is used in Code rules or in con-

Chapter 5

Grounding and
Bonding 
Requirements for 
Dwelling Units

versation in general, one should try to relate it to 
the term earthed or earthing. To ground a metal 
object or conductor of a system means simply to 
connect it to the earth. �e term bonding, on the 
other hand, means two objects are being connected 
(or bonded) together. It is important to develop a 
common language of communication when apply-
ing the requirements of the Code to electrical sys-
tems or installations. Effective understanding and 
use of the Code-provided definitions can help one 
develop this common language of communication; 
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the following definitions related to grounding and 
bonding are from NEC Article 100 or 250.2 and 
from IRC Chapter 35.

Definitions Applicable to 
rounding and onding

Bonded (Bonding). “Connected to establish elec-
trical continuity and conductivity.”

Bonding Conductor or Jumper. “A reliable con-
ductor to ensure the required electrical conductiv-
ity between metal parts required to be electrically 
connected.”

Bonding Jumper, Equipment. “�e connection 
between two or more portions of the equipment 
grounding conductor.”

Bonding Jumper, Main. “�e connection be-
tween the grounded circuit conductor and the 
equipment grounding conductor at the service.”

Bonding Jumper, System. “�e connection between 
the grounded circuit conductor and the supply-side 
bonding jumper, or the equipment grounding con-
ductor, or both, at a separately derived system.”

Bonding Jumper, Supply-Side. “A conductor in-
stalled on the supply side of a service or within a 
service equipment enclosure(s), or for a separately 
derived system, that ensures the required electri-
cal conductivity between metal parts required to 
be electrically connected.” (NEC 250.2 or IRC 
Chapter 35)

Effective Ground-Fault Current Path. “An in-
tentionally constructed, low-impedance electri-
cally conductive path designed and intended to 
carry current under ground-fault conditions from 
the point of a ground fault on a wiring system to 
the electrical supply source and that facilitates the 
operation of the overcurrent protective device or 
ground-fault detectors.”

Ground. “�e earth.”
Ground Fault. “An unintentional, electrically con-

ductive connection between an ungrounded con-
ductor of an electrical circuit and the normally non–
current-carrying conductors, metallic enclosures, 
metallic raceways, metallic equipment, or earth.”

Grounded (Grounding). “Connected (connect-

ing) to ground or to a conductive body that ex-
tends the ground connection.”

Grounded Conductor. “A system or circuit con-
ductor that is intentionally grounded.”

Ground-Fault Current Path. “An electrically 
conductive path from the point of a ground fault 
on a wiring system through normally non–cur-
rent-carrying conductors, equipment, or the earth 
to the electrical supply source.”

Grounding Conductor, Equipment (EGC). “�e 
conductive path(s) that provides a ground-fault 
current path and connects normally non–cur-
rent-carrying metal parts of equipment together 
and to the system grounded conductor or to the 
grounding electrode conductor, or both.”

Grounding Electrode. “A conducting object 
through which a direct connection to earth is 
established.”

Grounding Electrode Conductor. “A conductor 
used to connect the system grounded conductor 
or the equipment to a grounding electrode or to a 
point on the grounding electrode system.”

Intersystem Bonding Termination. “A device 
that provides a means for connecting intersystem 
bonding conductors for communications systems 
to the grounding electrode system.”

Purpose of rounding and 
onding  Performance Criteria

�e purpose of grounding and bonding electrical 
services and equipment is found in NEC 250.4. 
Prescriptive methods contained in NEC Article 
250 are to be followed to comply with the per-
formance requirements of this NEC section. NEC 
250.4 includes descriptive explanatory material 
relative to what effective grounding and bonding 
are intended to accomplish.

NEC 250.4 is made up of two parts: Part A 
includes performance criteria for grounded sys-
tems, and Part B includes performance criteria for 
ungrounded systems. Since one- and two-family 
dwellings are typically supplied with grounded 
systems, this text will exclude information relative 
to the installation and use of ungrounded systems. 
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�ose systems are used in a variety of 
commercial and industrial applications 
and are beyond the scope of this text for 
dwelling units. For more information 
on effective grounding and bonding of 
ungrounded electrical systems, reference 
IAEI’s Soares Grounding and Bonding 
textbook. NEC 250.4(A) identifies five 
primary categories covering the purpose 
of grounding and bonding. A closer look 
at each performance requirement is in 
order.

rounding of lectrical 
Systems
Electrical systems required to be ground-
ed are to be connected to earth in a manner that 
will limit the voltage imposed by lightning, line 
surges, or unintentional contact with higher-volt-
age lines and that will stabilize the voltage to earth 
during normal operation.

rounding of lectrical 
quipment 

Normally non–current-carrying conductive ma-
terials enclosing electrical conductors, such as 
panelboards and metal raceways and so forth, 
are required to be connected to earth (ground-
ed) to limit the voltage to ground or difference 
of potential between earth and these materials. 
Where the Code requires the electrical system to 
be grounded, these materials shall be connect-
ed together and to the supply system grounded 
conductor. �e grounded conductor for one- and 
two-family dwellings is usually the neutral con-
ductor.

onding of lectrical quipment
�e Code requires normally non–current-carrying 
metallic conductive materials enclosing electri-
cal equipment and conductors to be connected 
together electrically in a manner that ensures ef-
fective continuity between the metallic (conduc-

tive) components and also establishes an effective 
fault-current path for any fault current likely to be 
imposed on them.

onding of lectrically 
Conducti e aterials and ther 

quipment
Normally non–current-carrying electrically con-
ductive materials, such as metal water piping, metal 
gas piping, and structural steel members, that are 
likely to become energized must be bonded to the 
supply system grounded conductor in a manner 
that establishes an effective path for fault current. 
Bonding these metallic components plays a key role 
in protecting people from electrical shock hazards.

ecti e round-Fault Current 
Path
Electrical equipment, wiring, and other electri-
cally conductive material likely to become ener-
gized must be installed in a manner that creates 
a low-impedance circuit that facilitates the oper-
ation of the overcurrent device. In other words, 
it enables the circuit breaker or fuse to quickly 
open the circuit during a ground fault. A ground 
fault is an unintentional, electrically conducting 

Figure 5.1. ecti e low-impedance ground-fault current path must be 
installed.
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connection between an ungrounded conductor 
of an electrical circuit and the normally non–cur-
rent-carrying conductors, metallic enclosures, me-
tallic raceways, metallic equipment, or earth.

�e ground-fault current path needs to be capa-
ble of safely carrying the maximum ground-fault 
current likely to be imposed on it from any point 
on the wiring system where a ground fault may 
occur to the electrical supply source. Ground-fault 
current path is an electrically conductive path 
from the point of a ground fault on a wiring sys-
tem through normally non–current-carrying con-
ductors, equipment, or the earth to the electrical 
supply source.

Examples of common ground-fault current 
paths could consist of any combination of equip-
ment grounding conductors, metallic raceways, 
metallic cable sheaths, electrical equipment, and 
any other electrically conductive material such as 
metal water and gas piping, steel framing mem-
bers, stucco mesh, metal ducting, reinforcing steel, 
shields of communications cables, and the earth 
itself.

�e earth should never be used as an equipment 
grounding conductor or considered an effective 
ground-fault current path [see NEC 250.4(A)(5) 
or IRC E3908.5].

Understanding these grounding and bonding 

fundamentals and knowing the differ-
ence between grounding (earthing) and 
bonding (connecting together) is essen-
tial for installers as well as inspectors to 
ensure safety from both shock and fire 
hazards. �is chapter will take a closer 
look at the specific requirements for 
grounding and bonding that are directly 
related to one- and two-family dwelling 
electrical systems.

rounding Ser ice-
Supplied Alternating-
Current Systems System 

rounding Connections
A premise wiring system supplied by a 

grounded alternating-current system is required to 
have (at each service) a grounding electrode system 
established and a connection to that system at the 
service with a grounding electrode conductor(s).

�is grounding electrode conductor must be 
connected to the grounded (neutral) service con-
ductor at any accessible point from the load end of 
the service drop or service lateral to and including 
the terminal or bus to which the grounded service 
conductor is connected at the service disconnect-
ing means [NEC 250.24(A)(1) or IRC E3607.2] 
(see figure 5.2).

Where the transformer supplying the service 
is located outside the building, at least one addi-
tional grounding connection must be made from 
the grounded (neutral) service conductor to a 
grounding electrode, either at the transformer 
or elsewhere outside the building. For one- and 
two-family dwellings, this transformer is usually a 
pole-mounted unit that supplies a service drop to 
the structure, or is a pad-mounted unit that sup-
plies a service lateral to the building or structure 
(see photo 5.1).

A grounding connection is usually not permit-
ted to any grounded (neutral) circuit conductor on 
the load side of the service disconnecting means. 
�is means that the neutral conductor may not be 
connected to the equipment grounding conduc-

Figure 5.2. rounded conductor must be run to the ser ice disconnect 
and bonded to the ser ice-disconnect enclosure.
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tors or grounded enclosures except at the service 
equipment. One of the few exceptions to this rule 
in the Code permits ranges, counter-mounted 
cooking units, wall-mounted ovens, and clothes 
dryers on existing branch circuits only to be 
grounded by using the grounded circuit conduc-
tor. New range and dryer installations require the 
use of ungrounded (hot) conductors, an insulated 
grounded (neutral) conductor, and an equipment 
grounding conductor and the use of this equip-
ment grounding conductor for grounding pur-
poses [NEC 250.24(A)(5) or IRC E3607.2]. See 
Chapter 7 in this text for additional information 
on the grounding of appliances.

rounded ( eutral) Conductor 
rought to Ser ice quipment

Where an alternating-current system operating at 
less than 1000 volts is grounded at any point, gen-
erally the grounded (usually a neutral conductor 
in dwellings) conductor is required to be run to 
and bonded to each service-disconnecting means 
enclosure [NEC 250.24(C)].

�is conductor must be routed with the ser-
vice-entrance phase conductors.

�is grounded (neutral) service conductor serves 
the dual role of allowing line-to-neutral loads to 

be served and this grounded conductor is typi-
cally the lowest impeded path for ground-fault 
current in faulted conditions for the time it takes 
an overcurrent device to open the faulted circuit. 
In this case, it provides the low-impedance path 
from the service to the utility transformer, so line-
to-ground faults will be cleared by the overcurrent 
device. If this grounded service conductor is not 
run to the service equipment and bonded to the 
enclosure, the only path for line-to-ground faults 
to return to the utility transformer is through the 
earth, which is prohibited by NEC 250.4(A)(5) 
and IRC E3908.5. �e earth is a high-impedance 
path that can leave faulted electrical equipment at 
the dwelling at a dangerous shock potential abo-
veground (see IAEI’s Soares Book on Grounding 
and Bonding for additional information on this 
subject).

Conductor to e rounded
For a typical dwelling unit alternating-current 
premise wiring system, the conductor required to 
be grounded is:

1. Single-phase, 2-wire: one conductor (either 
one).

2. Single-phase, 3-wire with a neutral conductor. 

Photo 5.2. rounded (neutral) conductor (re-identified with 
white tape) brought to ser ice disconnect and bonded to 
disconnecting means through the main bonding umper 
(green screw)

Photo 5.1. Pad-mounted transformer that supplies single-
family dwelling  grounded conductor of this system is 
grounded at transformer location and grounded at the 
ser ice equipment of the dwelling.
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�e neutral conductor means that the conduc-
tor is common or neutral to both ungrounded 
(hot) conductors of the system or circuit.

For dwelling units, the electrical utility usually 
performs the grounding of the electrical system 
either at the pole-mounted transformer or the 
pad-mounted transformer at grade. �e installer 
then grounds the corresponding grounded con-
ductor again at the service disconnecting means 
for the building or structure.

Grounded (neutral) conductors must be iden-
tified by the colors white or gray. An insulat-
ed grounded conductor sized at 6 AWG and 
smaller must be identified by a continuous color 
of white or gray along its entire length or by a 
conductor with a color other than green that is 
identified with three continuous white or gray 
stripes along its entire length. An insulated con-
ductor sized at 4 AWG or larger is permitted to 
be identified the same as smaller conductors or 
may be identified at the time of installation by 
distinctive white or gray marking(s) at their ter-
minations. White or gray phase tape or white or 
gray paint is often used to identify the grounded 
system conductor, and, where used, must encir-
cle the insulation (NEC 200.6 or IRC E3407.1).

rounding Path to rounding 
lectrode at Ser ices

Connection to the earth from any electrical sys-
tem or electrical equipment is established through 
the grounding electrode system. �e Code recog-
nizes eight grounding electrodes that are required 
to be connected together to form the grounding 
electrode system. �e NEC includes grounded 
building steel as one of these electrodes, while the 
IRC does not (NEC 250.52(A) or IRC E3608). 
�e primary reason for this exclusion in the IRC 
is that grounded building steel is not typically in-
corporated in the construction of the majority of 
one- and two-family dwellings. However, where it 
is included in the construction, it must be part of 
the grounding electrode system when the struc-
tural framing members qualify as a grounding 
electrode per NEC 250.52(A)(2)[see the scope 
of the IRC for additional information on what is 
covered or not covered by the IRC].

A grounding electrode conductor is required to 
be installed and used to connect the equipment 
grounding conductors, the service-equipment 
enclosures and the grounded (neutral) service 
conductor to the grounding electrode [NEC 
250.24(D) or IRC E3607.4]. Requirements for 
grounding electrode and grounding electrode 
conductor are covered in greater detail later in this 
chapter.

Photo 5. . ain bonding umper in the form of a screw 
pro ided by the manufacture (notice the green color finish)

Photo 5. . ain bonding umper in the form of a strap 
from the grounded (neutral) conductor terminal bar to the 
enclosure
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ain onding umper
Main bonding jumpers, supply-side 
bonding jumpers, and equipment bond-
ing jumpers must be of copper or other 
corrosion-resistant material. A main 
bonding jumper is required to be in the 
form of a wire, bus, screw or similar suit-
able conductor.

A properly sized main bonding jump-
er will usually be included as part of a 
listed panelboard. Some manufactur-
ers furnish a strap, and others furnish a 
screw. Where the main bonding jumper 
is a screw, it must have a green finish that 
is visible with the screw installed [NEC 
250.28(B)]. �is is to positively identify 
the main bonding jumper. Other manu-
facturers furnish bonding straps of vari-
ous configurations. Machine screw-type 
fasteners or thread-forming machine 
screws that engage not less than two 
threads or are secured with a nut are per-
mitted to be used as the main bonding 
jumper or for securing a main bonding 
jumper strap to the enclosure. Only 
the bonding screw furnished with the 
service equipment by the manufactur-
er should be accepted (NEC 250.8 and 
IRC E3406.13).

In IRC E3607.5 there is no color 
identification requirement for the screw 
used as the main bonding jumper in the 
service equipment. However, it should be empha-
sized that the IRC requires all equipment to be 
listed (IRC E3403.3). Product Standard UL 67 
requires panelboards used and equipped and iden-
tified as “suitable for use as service equipment” to 
include a green screw for use as the main bonding 
jumper with the equipment. �is provision is ap-
plicable where the main bonding jumper is a screw.

 An unspliced main bonding jumper is required 
to be installed to connect the equipment ground-
ing conductor and the service-equipment enclosure 
to the system grounded (neutral) conductor of the 
electric utility system inside the service-equipment 

or service-conductor enclosure. Sometimes it is 
necessary to install a main bonding jumper in the 
field as a wire; this is common where a gutter or 
wireway style service is installed. Sizing of a wire-
type main bonding jumper would be based on 
NEC Table 250.102(C)(1) or IRC Table E3603.4. 
�e majority of electrical service equipment used 
for one- and two-family dwellings is listed as either 
“Suitable for Use as Service Equipment” or “Suit-
able for Use Only as Service Equipment.” �ese 
types of equipment include grounding and bonding 
provisions that allow conformance to the bonding 
requirements of the Code at the service.

Figure 5.5. The grounding target  at ser ice equipment

Figure 5.6. The grounding target is the ser ice disconnect
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The rounding Target at the 
Ser ice
For grounded electrical systems, four conduc-
tors or components must come together in the 
service equipment for effective grounding and 
bonding. �ese four conductors connected within 
the service equipment are sometimes referred to 
as the grounding target. �e four conductors are: 
grounded service conductor (neutral conductor), 
main bonding jumper, grounding electrode con-
ductor(s), and equipment grounding conductor(s). 
In most cases, if these four components are pres-
ent at the service disconnect and connected prop-
erly, the electrical service is effectively grounded 
and bonded (see figures 5.5 and 5.6). �ink of the 

service equipment as a big bull’s eye and you have 
four arrows to shoot at that (service) target!

se of rounded ( eutral) 
Circuit Conductor for rounding 

quipment
A grounded (neutral) circuit conductor is permit-
ted to be used to ground non–current-carrying 
metal parts of equipment, raceways and other 
enclosures on the supply (line) side of the service 
disconnecting means [NEC 250.142(A)]. �is 
concept is illustrated in figure 5.7 where the neu-
tral conductor bonds the meter base and service 
equipment together. In most cases, the neutral 
conductor terminal bar in a listed meter socket is 
bonded to the enclosure at the factory (see photo 
5.6).

�e neutral conductor then serves as the bond-
ing conductor between the meter socket and the 
service enclosure. Generally, it is not permitted to 
use the system grounded conductor (often a neu-
tral conductor) for bonding or grounding equip-
ment downstream from the service equipment 
[NEC 250.142(B) or IRC E3908.7]. Care should 
be taken by installers and inspectors to verify that 
neutral-to-ground connections are not made on 
the load side of the service disconnect to avoid any 
parallel path for neutral (return) current back to 
the service and source. Grounding connections of 
the neutral conductor have become more restrict-
ed and limited in recent editions of the Code. �e 
primary concern is to keep normal neutral return 
current flowing on the path it was intended for 
(neutral conductor) and not on other metallic 
paths (equipment grounding conductors), which 
could create a shock hazard from circulating 
currents on metal cabinets, etc. Only those neu-
tral-to-ground connections specifically permitted 
for existing installations of ranges and dryers are 
allowed to be connected on the load side of a ser-
vice disconnecting means. See NEC 250.142(A) 
and (B) exceptions for allowance of the use of the 
grounded conductor for grounding of existing 
ranges and dryers.

Photo 5.5. Can you identify the four arrows  of the 
grounding target in this photo

Photo 5.6. rounded (neutral) conductor bonded to 
meter soc et enclosure on the supply side of the ser ice 
disconnecting means.
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onding equirements at 
Ser ice quipment
All non–current-carrying metal 
parts of the service raceway, the ser-
vice-equipment enclosures containing 
service conductors — including meter 
fittings, boxes, or the like — inter-
posed in the service raceway or armor, 
and any metallic raceway or armor en-
closing a grounding electrode conduc-
tor as permitted or required in NEC 
250.64(B) or (E) or IRC E3610.2 or 
E3610.3 must be effectively bond-
ed together. Acceptable methods of 
bonding will be discussed in the fol-
lowing paragraphs.

The reason that bonding of these 
enclosures is so important is that 
there is no overcurrent protection on 
the line (supply) side of them. Service 
conductors are protected from over-
load only (not short-circuit) on their 
load end. If an enclosure or raceway 
containing service conductors became 
isolated and a ground fault occurred, 
it would stay at a voltage level above 
ground and could be a shock hazard. 
Effective bonding provides a low-im-
pedance path for fault current back to 
the source, which usually is the power 
company transformer. The intent is 
to produce enough current to cause 
the primary fuses of the utility trans-
former to open [NEC 250.92(A) or 
IRC E3609.2].

ethods of onding Ser ice 
quipment

Bonding of metallic enclosures and raceways at 
the service must be effective. Service-entrance 
conductors are often installed in metallic raceways 
and enclosures up to the service disconnecting 
means (main). �ese service-entrance conduc-
tors are not protected by a fuse or circuit breaker 

other than any utility primary device ahead of the 
transformer. �is bonding must be ensured to be 
stouter or more rigid and also be effective for the 
duration of any faulted condition. �e primary 
purpose of bonding is to connect metal objects to-
gether both electrically and mechanically. Bonding 
requirements on the load side of the service dis-
connecting means are less restrictive than on the 
supply side because there is an overcurrent device 
that serves to open the faulted condition on the 
system. �ere are sizing differences between the 

Figure 5.7. sing the grounded conductor for grounding and bonding 
equipment (supply side of the ser ice disconnect)

Figure 5. . Typical fittings acceptable for bonding on the supply side 
of the ser ice disconnect
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equipment bonding jumpers on the line side as 
compared to supply-side bonding jumpers on the 
load side. Bonding on the line side of the service 
disconnect uses the size of the service-entrance 
conductors to establish the minimum size of the 
supply-side bonding jumper. Bonding on the 
load side is based on the overcurrent protection 
supplying the circuit. �is section focuses on the 
bonding requirements at the service equipment 
(line side).

Electrical continuity at service equipment on 
the line side is to be ensured by any of the meth-
ods specified below.

1. Bonding of the service equipment to the 
grounded (neutral) service conductor with 
a listed pressure connector, listed clamp, or 
other listed means. Connection devices or 
fittings that depend solely upon solder are 
not permitted for this type of connection.

2. �readed couplings and threaded hubs on 
enclosures with joints that are made up 
wrenchtight where rigid metal conduits 
and intermediate metal conduits are in-
stalled.

3. �readless couplings and connectors made 
up tight for rigid metal conduit, interme-
diate metal conduit and electrical metallic 
tubing.

4. Other listed devices, such as bonding-type 
locknuts, bushings, or bushings with bond-
ing jumpers 

�ese bonding methods for service equipment 
can be found at NEC 250.92(B) or IRC E3609.4.

Bonding jumpers are required to be installed 
around concentric or eccentric knockouts in en-
closures that are punched or otherwise formed 
so as to impair the electrical connection from 
the installed raceway or cable to the enclosure. 
It should be understood that ordinary locknuts 
or bushings are not recognized for use where 
bonding of service equipment is involved; bond-
ing-type locknuts and bonding-type bushings 
must be used. Obviously, locknuts are used on the 
opposite side of bushings or grounding locknuts 
to make a solid mechanical connection. Where a 
concentric or eccentric knockout is encountered, 
a bonding bushing and jumper must be used at 
service equipment to assure adequate bonding.

�ese methods indicate the proper bonding of 
equipment to the grounded (neutral) service con-
ductor and also in compliance with NEC 250.8 
or IRC E3406.14.1. Where threaded couplings or 
threaded bosses are encountered, their joints must 
be wrenchtight where rigid or intermediate metal 
conduit is used. �readless couplings and connec-
tors used for raceways, such as rigid metal conduit, 
intermediate metal conduit and electrical metal-

Photo 5.7. onding a conduit nipple that contains ser ice-
entrance conductors on the supply side of the ser ice 
disconnect between the meter base and the ser ice-
disconnect enclosure

Photo 5. . Supply-side bonding umper installed on line 
side of ser ice equipment
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lic tubing, enclosing service-entrance conductors 
must be made up tight as well.

Si ing Supply-Side onding 
umpers on Supply Side of 

Ser ice quipment
Where a bonding bushing is used to bond raceways 
or other equipment within the enclosure for the 
service disconnecting means and on the line side of 
the service, a supply-side bonding jumper must be 

installed. �e supply-side bonding jumper 
cannot be smaller than the sizes given in 
either NEC Table 250.102(C)(1) or IRC 
E3609.5 and Table E3603.4. �ese tables 
are based on the size of the largest un-
grounded service-entrance conductor and 
not on the ampere rating of the service dis-
connecting means. For example, where a 
200-ampere service has 4/0 AWG alumi-
num service-entrance conductors installed, 
the minimum size of the supply-side bond-
ing jumper is 4 AWG copper or 2 AWG 
aluminum. NEC Table 250.66 is used for 
sizing grounding electrode conductors. 
NEC Table 250.102(C)(1) is used to size 
supply-side bonding jumpers, and main 
bonding jumpers. IRC Table E3603.4, is 
used for sizing grounding electrode con-
ductors, supply-side bonding jumpers, and 
main bonding jumpers. 

Intersystem onding and 
rounding equirements 

for Communication 
Systems
An accessible means external to the ser-
vice equipment enclosure for connect-
ing intersystem bonding and ground-
ing conductors is required by the Code. 
�is intersystem bonding is required 
for bonding of “limited energy” systems 

such as communications, optical fiber cables, radio 
and TV, and CATV circuits together to the main 
electrical service grounding and bonding system. 
�is intersystem bonding termination is required 
at the disconnecting means for any addition-
al buildings or structures as well as at the main 
electrical service disconnecting means. In a similar 
fashion, the disconnecting means permitted by 
NEC 550.32(A) for mobile homes is also permit-
ted as the point of intersystem bonding. �e IRC 
does not provide requirements for mobile homes, 
so for bonding at separate buildings, and mobile 
homes by default, refer to NEC 550.32(A).

Figure 5. . Si ing of supply-side bonding umpers

Figure 5.10. Intersystem grounding and bonding termination 
requirement
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If a listed intersystem bonding termination 
device (IBT) is used, the IBT is required to be 
accessible for connection and inspection and is re-
quired to have at least three intersystem bonding 
termination points. �is device shall not interfere 
with opening of any service or metering equip-
ment enclosures. �ese terminals should be listed 
as grounding and bonding equipment.

�e listed IBT should be securely mounted and 
electrically connected to an enclosure for the service 
equipment, to the meter enclosure, to the building 
disconnecting means, or to an exposed nonflexible 
metallic service raceway, or be mounted at one of 
these enclosures and be connected to the enclosure 
or to the grounding electrode conductor with a 
minimum 6 AWG copper conductor.

In existing buildings or structures, an accessi-
ble means external to enclosures for connecting 
intersystem bonding and grounding electrode 
conductors is permitted at the service equipment 
and at the disconnecting means for any additional 
buildings or structures [NEC 250.94(A) Excep-
tion]. Alternative methods to intersystem bond-
ing of communication circuits is not addressed in 
the IRC. In existing buildings or structures where 
any intersystem bonding and grounding electrode 
conductors for communication systems exist, in-
stallation of the intersystem bonding termination 

is not required. �ese accessible means 
are permitted to be by at least one of the 
following means:

1. Exposed nonflexible metallic ser-
vice raceways

2. Exposed grounding electrode con-
ductor

3. Approved means for external 
connection such as 6 AWG copper 
bonding jumper or grounding electrode 
conductor not shorter than 150 mm (6 
in.) and bonded to the metallic service 
raceway or service equipment enclosure 
with a listed and identified fitting.

For specific Code reference related to 
bonding for communication systems and inter-
system bonding terminations see figures 5.10 and 
5.11 and NEC 250.94 or IRC E3609.3).

rounding lectrode System
Grounding electrodes provide the essential func-
tion of connecting the electrical system and elec-
trical equipment to the earth. �e earth is typically 
considered to be at zero voltage potential. In other 
words, the earth’s ability to carry or conduct elec-
tricity. �e earth is a conductor of electricity, but it 
is a poor conductor of electricity because of its dis-
sipation factor. Typically, when electrical current 
is introduced into the earth, that current simply 
dissipated (scatters) out over the earth rather than 
follow a straight path like that current would do if 
it were introduced onto a conductor. In some cas-
es, the grounding electrode(s) serves to ground the 
electrical system to earth. In other instances, the 
electrode(s) is used to connect non-current-car-
rying metallic portions of electrical equipment to 
the earth. In both situations, a primary purpose 
of the grounding electrode(s) is to maintain the 
electrical equipment at the same voltage potential 
as the earth voltage potential present where the 
grounding electrode(s) is located.

As stated, another essential function of the 

Photo 5. . equired intersystem bonding termination (with and 
without co er installed)
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grounding electrode(s) is to dissipate 
overvoltages into the earth (see figure 
5.13). �ese overvoltages can be caused 
by high-voltage conductors being acci-
dentally connected to the lower-voltage 
system such as by a failure in a utility 
transformer or by an overhead conduc-
tor dropping on the lower-voltage con-
ductor. Overvoltages can also be caused 
from lightning. With more equipment 
(such as home appliances) containing 
microprocessors, this becomes increas-
ingly important. NEC 250.24(D) or 
IRC E3607.4 requires “… the equip-
ment grounding conductors, the ser-
vice-equipment enclosures, and, where 
the system is grounded, the grounded 
service conductor to be connected to the 
grounding electrode(s)…” �e conduc-
tor used to make this connection is the 
grounding electrode conductor.

A grounding electrode is defined as, “A 
conducting object through which a di-
rect connection to earth is established” 
(see NEC Article 100 or IRC Chapter 
35). To establish a true understanding 
of what constitutes a grounding elec-
trode, the definition needs to be used 
cooperatively with the list of electrodes 
identified in NEC 250.52(A) or IRC 
E3608.1. It can clearly be seen in this list 
of grounding electrodes that a grounding 
electrode can be a device or other conducting ob-
ject such as a building footing or metal well casing 
that establishes and maintains a direct connection 
to the earth. �e effectiveness of the connection 
is relative and is a variable item. �e resistance in 
the connection between an electrode and the earth 
will vary based on soil conditions, electrode depth, 
type of electrode, and seasonal conditions or geo-
graphical location(s).

Building construction usually determines what 
the grounding electrode system will be. �ere are 
electrodes that are inherent to the construction of 
one- and two-family dwellings. �e Code requires 

that all grounding electrodes that are present must 
be bonded together to form the grounding elec-
trode system (NEC 250.50 or IRC E3608.1). �is 
is required at each building or structure served on 
the premises. Grounding electrodes that must be 
bonded together and used as the grounding elec-
trode system include the following:

Underground metal water pipes in contact 
with the earth for 3.0 m (10 ft) or more. �is re-
quirement includes metal piping for both hot and 
cold water. In many parts of the country, it is com-
mon to build houses with a concrete slab on grade 
with metal cold and hot water piping systems just 

Figure 5.11. Intersystem grounding and bonding at existing buildings

Figure 5.12. a or functions of the grounding electrode system
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below the slab in contact with the earth. If the 
metal pipe is brought into the building, it must 
be used as a grounding electrode if it is in contact 
with the earth for 3.0 m (10 ft) or more. Under-
ground metal waterlines that are outside, but do 
not enter the building may, but are not required 
to, be used as a grounding electrode. Water pipe 
electrodes must be supplemented by an additional 
electrode such as a ground rod or any of the other 
permitted grounding electrodes [NEC 250.53(D)
(2) and IRC E3608.1.1.2]. A grounding rod is 
probably the most commonly used electrode for 

augmenting the water pipe electrode 
but is not the only electrode permitted 
for this purpose [NEC 250.52(A)(1) or 
IRC E3608.1.1].

�e supplemental electrode is per-
mitted to be bonded to the grounding 
electrode conductor, the grounded ser-
vice-entrance conductor, any nonflex-
ible grounded service raceway or any 
grounded service enclosure. �e most 
common location for the connection is 
the neutral conductor terminal bar at 
the service [NEC 250.53(D)(2) or IRC 
E3608.1.1.2].

�e grounding electrode conductor 
connection to a metal water pipe elec-
trode must be connected within the 
first 1.52 mm (5 ft) of where the wa-
ter pipe enters the building. �is rule 
applies to the supplemental electrode 
connection to the water pipe as well. 
Typically, electricians do not have total 
control of the water piping system, and 
many unqualified persons may modify 
the water system or make repairs with 
nonmetallic materials, thus isolating the 
required grounding electrode conductor 
or supplemental grounding electrode 
connection [NEC 250.68(C)(1) or IRC 
E3608.1.1.1].

A metal in-ground support struc-
ture that is effectively grounded is also 

required to be included in the grounding electrode 
system. �is metal in-ground support structure 
of a building is an effective electrode only where 
3.0 m (10 ft) or more of a single structural metal 
member is in direct contact with the earth (with 
or without concrete encasement). Grounded met-
al in-ground support structures are not typically 
found in residential one- and two-family dwell-
ings, but not impossible to be part of a residential 
building. Isolated metal structural elements, such 
as I beams or support columns, are not considered 
a metal in-ground support structure as they are 
not typically in contact with the earth for 3.0 m 

Figure 5.1 . rounding electrodes ser e to dissipate o er oltages

Figure 5.1 . Conducting ob ects comprising the grounding electrode 
system
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(10 ft) or more. �e NEC requires met-
al in-ground support structures to be 
used regardless of the type of occupancy 
[NEC 250.52(A)(2)]. �e IRC does not 
include metal frames of buildings as one 
of the grounding electrodes to be used 
in the grounding electrode systems, so 
default to the NEC would be necessary 
in this situation.

Concrete-encased electrodes are be-
ing employed with increasing frequency 
as a grounding electrode due to their ef-
fectiveness as a grounding electrode and 
due to the increasing reduction of metal 
water piping systems, particularly in res-
idential construction. When employing 
the structural metallic components (such 
as rebar) in the concrete-encased elec-
trode process, they must consist of at least 
13 mm (½ in.) or larger diameter rods 
that are 6.0 m (20 ft) or longer encased 
by at least 50 mm (2 in.) of concrete and 
located horizontally or vertically within 
that portion of a concrete foundation, 
footing, or pier that is in direct contact 
with the earth. �is electrode is perhaps 
the electrode with the most conditions 
tied to it in order to qualify as a ground-
ing electrode. All of the conditions de-
scribed above must be met in order for 
the concrete-encased electrode to be 
considered in the grounding electrode 
system and an effective electrode. 

Concrete-encased electrodes and their reinforc-
ing bars or rods are typically elements of building 
construction inherent to the majority of one- and 
two-family dwellings. Where concrete-encased 
electrodes are present and used, an additional 
grounding electrode is not required to supplement 
this electrode. Just like the rest of the grounding 
electrodes described by NEC 250.52(A) or IRC 
E3608, the Code does not require a concrete-en-
cased electrode to be installed, but if it is present 
during construction, it must be used in the ground-
ing electrode system. In order to utilize this very 

effective grounding electrode, the enforcing juris-
dictions must take a proactive approach and utilize 
the concrete-encased electrode before the slab or 
foundation is poured during the construction pro-
cess. In order to achieve proper compliance with 
this important Code requirement, coordination 
and cooperation are necessary between the elec-
trical contractor, the builder, and the authority 
having jurisdiction (AHJ). Instead of reinforcing 
rods, 6.0 m (20 ft) or more of 4 AWG copper 
wire can be installed in the horizontal or vertical 
structural element before it is poured to employ 

Figure 5.15. rounding electrode that are present must be used in the 
grounding electrode system

Figure 5.16. Supplemental grounding electrode required for 
underground metal water piping electrode.
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Figure 5.17. Concrete-encased electrode must be encased in at least 
50 mm (2 in.) of concrete  located hori ontally or ertically within 
foundations or footings that are in direct contact with the earth. 

lectrode has to consist of at least 6.0 m (20 ft) or more of 1  mm (1/2 
in.) rebar or a minimum  A  bare copper conductor.

Figure 5.1 . ualifications for a concrete-encased electrode

a made concrete-encased electrode if so desired. 
�is can be installed where reinforcing steel is not 
used in the foundation or footing or in addition to 
the reinforcing steel [NEC 250.52(A)(3) or IRC 
E3608.1.2].

It has become a commonly accepted practice to 
extend a rebar-type extension from a concrete-en-
cased electrode out of the footing or foundation 
before the slab or foundation is poured.  �is is 
accomplished by using another piece of rebar con-

nected to the concrete-encased electrode 
and “stubbed-up” out of the poured con-
crete to provide an accessible connection 
point above the slab.  Later the electri-
cian can make the grounding electrode 
conductor connection after the founda-
tion has been poured and cured. NEC 
250.68(C)(3) or IRC E3611.5 gives this 
permission for the reinforcing rod or bar 
to be extended from the concrete-en-
cased electrode location within the con-
crete to an accessible location above the 
concrete for connection of a grounding 
electrode conductor. It is also common 
here to install a cover plate or door at the 
wall covering to make the connection 
of the ground clamp to the extension 
accessible (see photo 5.11) It is import-
ant to note here that the extension or 
“stub-up” is not part of the concrete-en-
cased electrode. A structural component 
meeting all of the conditions of NEC 
250.52(A)(3) or IRC E3608.1.2 must 
be present for the extension to be con-
nected to same. �e “stubbed-up” rebar 
adds to or takes away nothing from the 
structural component that qualifies as a 
concrete-encased electrode (see figure 
5.19).  �is “sub up” extension must not 
come out of the concrete where it would 
be subject to corrosion, such as stubbing 
out sideways at the footer into the sur-
rounding soil.  �e rebar extension must 
come out of the concrete above the slab 
or foundation wall or out of the side of 

the foundation wall in a location where moisture 
or other corrosive elements would not be present 
to cause deterioration of the rebar.  �e ideal in-
stallation is to stub up vertically in the wall space 
or cavity where the service panel will be installed.  
�is allows access and also provides the protec-
tion for the ground clamp or fitting required by 
NEC 250.10 or IRC E3611.6. A ground clamp 
used with any type of structural rebar must be 
listed for application with rebar.
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Some inspection jurisdictions require the instal-
lation and use of a concrete-encased electrode by 
local ordinance since it has been found to be rela-
tively inexpensive and very effective. In some parts 
of the country, a concrete-encased electrode has 
been found to be the only effective electrode that 
can hold its resistance in certain soil conditions.

ade lectrodes
Where none of the electrodes that are inherent 
to the construction of the building — such as a 
metal underground water pipe in direct contact 
with the earth for 3.0 m (10 ft) or more, grounded 
metal in-ground support structure of the building, 
or concrete-encased electrode — are present, one 
or more electrodes must be installed and used. 
Where practicable, electrodes are to be embedded 
below permanent moisture level. Grounding elec-
trodes must have nonconductive coatings, such as 
paint or enamel, removed. Where more than one 
electrode is used, each electrode of one grounding 
system (including those used for air terminals for 
lightning protection systems) is not to be less than 
1.8 m (6 ft) from any other electrode of another 
grounding system. Where two or more electrodes 
are effectively bonded together, they are treated as 
a single electrode.

�e Code provides a list of grounding electrodes 
required to be used for grounding, if present on 

the job site. �is list of grounding electrodes in-
cludes the details and descriptions of each elec-
trode. Other local metal underground systems or 
structures such as piping systems, well casings, 
and underground tanks are permitted to be used 
as grounding electrodes [NEC 250.52(A)(5), (7), 
(8) or IRC E3608.1.4 and E3608.1.5].

�ere are also electrodes not permitted for 
grounding, including aluminum electrodes, metal 
underground gas piping, and the structural steel 
of an in-ground permanently installed swimming 
pool [NEC 250.52(B) or IRC E3608.5, E3608.6, 
and E3608.7].

ade rounding lectrodes 
Permitted for rounding
Rod and pipe electrodes are required to be not 
less than 2.5 m (8 ft) in length. Electrodes of pipe 
or conduit cannot be smaller than metric designa-
tor 21 (¾ in.) trade size. Pipe or conduit electrodes 
of iron or steel must have their outer surface galva-
nized or be otherwise metal-coated for corrosion 
protection.

Iron or steel rod electrodes must be at least 15.87 
mm (⅝ in.) in diameter. Nonferrous or stainless 
steel and copper or zinc coated steel rods or their 
equivalent cannot be less than 15.87 mm (⅝ in.) 
in diameter unless listed for small diameter.

All grounding electrodes must meet certain in-

Photo 5.10. A typical concrete-encased electrode meeting 
all the conditions of NEC 250.52(A)( ) or I C 60 .1.2

Photo 5.11. round clamp used with rebar must be listed for 
rebar and connection must be accessible
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stallation requirements or conditions in order to 
qualify as a grounding electrode. �is is generally 
not a concern to the electrical installer with the 
metal underground water pipe or concrete-en-
cased electrodes as they are typically installed as 
an integral part of the construction of the build-
ing, but still must meet certain requirements or 
conditions. Where a “made” electrode is installed, 
such as a rod or pipe electrode, it must meet the 
minimum requirements regarding grounding 
electrode installation as well. A single rod, pipe, 
or plate electrode is required to be supplemented 

by an additional electrode, such as an-
other rod, pipe, or plate electrode. Other 
present electrodes such as a concrete-en-
cased electrode, metal in-ground support 
structures of a building, or a qualifying 
underground metal water pipe can also 
supplement these rod, pipe, or plate 
electrodes [NEC 250.53(A)(2) or IRC 
E3608.4].

�e rod or pipe electrode must be in-
stalled so that at least 2.44 m (8 ft) of 
its length is in contact with the soil, un-
less rock conditions are encountered. If 
a rocky condition prevents driving the 
electrode to a depth of 2.5 m (8 ft), the 
rod or pipe electrode is permitted to be 
driven at an oblique angle not to exceed 
45 degrees from the vertical. If it is still 
not possible to obtain the minimum 
driven contact length of 2.44 m (8 ft), it 
is then permitted to be buried in a trench 
that is at least 750 mm (30 in.) deep. 
With the driven ground rod, the upper 
end of the electrode is required to be 
flush with or below ground level unless 
the aboveground end and the ground-
ing electrode conductor attachment are 
protected against physical damage while 
still maintaining the required 2.44 m (8 
ft) of length in contact with the earth.

A plate electrode must expose not less 
than 0.186 m2 (2 ft2) of surface to exterior soil. 
Plate electrodes are to be installed not less than 
750 mm (30 in.) below the surface of the earth. 
Iron or steel plate electrodes must be at least 6.4 
mm (¼ in.) in thickness. Electrodes of nonferrous 
metal must be at least 1.5 mm (0.06 in.) in thick-
ness. A plate electrode might be chosen because 
of the earth or soil conditions (such as locations 
where ledge or solid rock is encountered). �e 
rules in NEC 250.52(A)(7) and 250.53(H) or 
IRC E3608.1.5 would apply to plate electrodes.

If a ground ring electrode is chosen for instal-
lation, it must be installed to completely encircle 
the building or structure and must be a minimum 

Figure 5.1 . A rebar extension from a concrete-encased electrode is 
permitted

Figure 5.20. Installation of rod or pipe grounding electrodes
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6.0 m (20 ft) in length. Ground rings 
are not common at dwellings as they 
are not inherent to the construction of 
the building and labor intensive. �ey 
are installed to establish a grounding 
electrode connection if needed. �e 
ground ring, where installed and used, 
must be of copper wire not smaller 
than 2 AWG and buried at least 750 
mm (30 in.) deep [NEC 250.52(A)
(4) or IRC E3608.1.3]. In addition to 
these grounding electrodes, all ground-
ing electrodes such as ground rods or 
ground plates must be bonded to the 
grounding electrode system and thus 
become a part of one system.

A metal well casing is an example 
of an other local metal underground 
system or structure as it is an under-
ground metal structure and is permit-
ted to be used as a grounding electrode 
by the NEC. �e water piping from the 
well to the building is often nonmetal-
lic. �e well casings are usually made 
from steel pipe and may be driven 
several hundred feet into the ground. 
�e well casing is not an underground 
metal water pipe and as such does not 
require a supplemental electrode [NEC 
250.52(A)(8)]. Other listed grounding 
electrodes such as a chemically treated 
ground rod are also permitted to be 
used to establish a grounding electrode 
system [NEC 250.52(A)(6) or IRC 
E3608.1.6].

od  Pipe  or Plate lectrodes 
equired to be Supplemented 

Rod, pipe and plate electrode installation re-
quirements are provided in NEC 250.53 or IRC 
E3608.3.  Individually installed grounding elec-
trodes of the rod, pipe, or plate types are required 
to be supplemented by an additional electrode, 
which could be another rod, pipe, or plate elec-

Figure 5.21. od  pipe  or plate electrodes are required to be 
supplemented

Figure 5.22. rounding electrode conductor and bonding umpers to 
multiple grounding electrodes

trode [NEC 250.53(A)(2) or IRC E3608.4]. By 
exception, a single rod, pipe or plate electrode can 
be installed without augmentation if the single 
electrode has a resistance to earth of 25 ohms or 
less. When supplemented by an additional elec-
trode or a single electrode having a resistance of 
25 ohms or less, no additional grounding elec-
trodes are required to be installed regardless of the 
resulting resistance. Where multiple rod, pipe or 
plate electrodes are installed to meet these supple-
mental requirements, they are not permitted to be 
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achieve the maximum 25 ohms resistance. 
When electrodes are supplemented as re-
quired by Code, no resistance testing is 
required. 

�e principals involved in earth-re-
sistance testing are complex and can be 
found in chapter 6 in the latest edition 
of IAEI’s Soares Book on Grounding and 
Bonding. Another resource is the man-
ufacturer of the rod electrode itself. �e 
manufacturer will often provide a train-
ing manual and step-by-step instructions 
for testing the resistance of the electrodes. 

Common rounding 
lectrode

A grounding electrode system may con-
sist of one or several electrodes. Where 
multiple grounding electrodes are present, 
they must be bonded together to form on 
common grounding electrode system. 
Where an alternating-current system is 
connected to a grounding electrode in 
or at a building or structure, the Code re-
quires that the same “common grounding 
electrode” be used to ground conductor 
enclosures and equipment in or on that 
building. �is means it is not acceptable 
to install one grounding electrode for the 
electrical service or system and another 
one for grounding electrical equipment 
such as a hydromassage tub motor or to 
have one grounding electrode connected 

at the service equipment and another grounding 
electrode connected at a feeder panelboard. Where 
two or more services supply a single building or 
structure and are required to be connected to a 
grounding electrode, the same grounding elec-
trode system is required to be used for both or all 
services at the building or structure. Two or more 
grounding electrodes that are effectively bonded 
together are considered as a single or common 
grounding electrode in this sense (NEC 250.58 or 
IRC E3607.6).

Table 5.1 Si ing rounding lectrode Conductors/ onding umpers

less than 1.8 m (6 ft) apart [NEC 250.53(A)(3) or 
IRC E3608.4]. �e paralleling efficiency of rods 
longer than 2.5 m (8 ft) is improved by spacing 
them apart greater than 1.8 m (6 ft). Trade prac-
tice is to space the rods as far apart as the rod is 
long. For example, 2.5 m (8 ft) long rods might be 
installed 2.5 m (8 ft) apart.

Many inspection authorities insist that a single 
rod, pipe, or plate electrode be tested to verify the 
required 25 ohms or less. Experience has shown 
that a single ground rod in many areas cannot 
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Si e of rounding 
lectrode System onding 
umpers

All grounding electrodes that are present 
are to be bonded together to form the 
grounding electrode system. It should be 
noted that the conductor used to bond 
the grounding electrodes together is a 
bonding jumper and not a grounding 
electrode conductor. As a result, there is 
no requirement that the bonding jumper 
be installed in “one continuous length 
without a splice” as the grounding elec-
trode conductor itself is required. It is 
permitted to connect the bonding jump-
er to the various grounding electrodes 
individually. Where the ground clamp is 
suitable, the bonding jumper is permitted 
to pass through the clamp unbroken and 
connect to other grounding electrodes in 
a “daisy chain” fashion. 

�e bonding jumper installed to con-
nect multiple grounding electrodes to-
gether for the system must be sized in ac-
cordance with NEC Table 250.66 or IRC 
Table E3603.4 (with applicable notes) 
[NEC 250.53(C) or IRC E3608.2]. Table 
5.1 of this chapter includes the minimum 
size grounding electrode conductors or 
bonding jumpers required to bond the 
electrodes together to form the grounding 
electrode system.

In some cases, the bonding conductor 
is permitted to be smaller than the size shown 
in the Table 5.1 list. For example, a size 8 AWG 
copper conductor is permitted to be installed for 
a 100-ampere service where it is protected from 
physical damage.

�e grounding electrode conductor or bonding 
jumper to the concrete-encased electrode, ground 
ring, and made electrodes of rods, pipes, or plates 
is permitted to be the size as shown at NEC 
250.66(A), (B), and (C) or the notes to IRC Table 
E3603.4 only where the grounding electrode con-
ductor or bonding jumper does not extend on to 

other types of electrodes that require a larger size 
of conductor. For example, if the bonding jump-
er starts at the concrete-encased electrode and is 
routed to the water pipe or metal in-ground sup-
port structure, it must be sized for the grounding 
electrode conductor required for the water pipe 
or building steel. �is “daisy-chain extension” as-
pect will be discussed in greater detail later in this 
chapter.

Where the interior metal water pipe is used to 
bond other electrodes such as concrete-encased 
electrodes, building in-ground support struc-

Figure 5.2 . se of interior water pipe electrode for bonding other 
grounding electrodes together

Figure 5.2 . arious types of ground clamps
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tures, or a ground ring together, bonding connec-
tions must be made within the first 1.5 m (5 ft) 
from where the water pipe enters the building. At 
a dwelling setting, the metal water pipe is not per-
mitted to be used for bonding the grounding elec-
trodes together beyond this first 1.5 m (5 ft) [NEC 
250.68(C)(1) or IRC E3608.1.1.1]. A grounding 
electrode conductor and/or bonding jumper(s) 
should be run from one or more grounding elec-
trodes directly to the service neutral point.

rounding lectrode Conductor 
to rounding lectrodes
A grounding electrode conductor must be used 
to connect the grounding electrode system to the 
grounded (neutral) terminal bar in the service 
equipment (see photo 5.12). 

�e grounding electrode conductor(s) are per-
mitted to be run to any of the grounding elec-
trodes that make up the grounding electrode 
system if it is sized properly. For example, a 
200-ampere service is using a metal water pipe 
as an electrode and it is supplemented with two 
driven ground rods. It would not be acceptable to 
run a 6 AWG copper grounding electrode con-
ductor from the service to the ground rod(s) and 
from the ground rod(s) to the metal water pipe 
electrode since the grounding electrode conduc-

tor to the metal water pipe electrode is required 
to be a 4 AWG copper conductor. It would be ac-
ceptable to run a 4 AWG copper conductor from 
the service to the metal water pipe electrode, and 
then a 6 AWG or larger copper conductor from 
the metal water pipe electrode to the ground 
rods since neither of these grounding electrode 
conductors does not extend on to other types of 
electrodes that require a larger size of conductor 
[NEC Table 250.66 and 250.66(A) or IRC Table 
E3603.4 and footnotes]. �e language at NEC 
250.66(A) make it clear that the connection to a 
single or multiple rods, pipes, or plates is consid-
ered the same or one grounding electrode system 
in this application.

If it is more convenient, grounding electrode 
conductors can be run to the grounded (neutral) 
bar in the service enclosure individually from each 
grounding electrode rather than bonding or “dai-
sy chaining” them together with a single bonding 
jumper. Electrically, the same goal and objective 
is accomplished by using either method, and both 
meet the minimum provisions required by the 
Code [NEC 250.64(F)].

rounding lectrode Conductor 
Connections
�e grounding electrode conductor(s) are required 
to be connected to the grounding electrode by 
exothermic welding, listed lugs, listed pressure 
connectors, listed clamps, or other listed means. 
Connections that depend on solder must never 
be used. �e ground clamp or connection process 
must be listed for the material of the grounding 
electrode and the grounding electrode conduc-
tor to prevent corrosion. Where used on a pipe, 
ground rod or other buried electrode, the ground 
clamp must be listed for direct burial or concrete 
encasement. More than one conductor is not per-
mitted to be connected to the grounding electrode 
by a single clamp or fitting unless the clamp or 
fitting is specifically listed for the connection of 
more than one conductor (NEC 250.70 or IRC 
E3611.1).

Photo 5.12. rounding electrode conductor connected 
to the grounding and the grounded (neutral) conductor 
terminal bar at the ser ice equipment
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When making a connection to a grounding elec-
trode, one of the following methods is required to 
be used:

1. A listed bolted clamp of cast bronze or brass,    
or plain or malleable iron

2.  A pipe fitting, pipe plug or other approved 
device that is screwed into a pipe or pipe fitting

3.  For indoor communications purposes only, 
a listed sheet-metal-strap-type ground clamp that 
has a rigid metal base that seats on the electrode 
with a strap of such material and dimensions so 
that it will not stretch during or after it is installed. 
�e UL Product Spec (formally UL White Book) 
Category (KDER)] states as follows: “Strap type 
ground clamps are not suitable for attachment of 
the grounding electrode conductor of an interior 
wiring system to a grounding electrode.” �ese 
clamps should be used only for connecting com-
munications circuits to electrodes.

4.  An equally substantial approved means (See 
figure 4.19).

rounding lectrode Conductor
Grounding electrode conductor material must be 
made of copper, aluminum or copper-clad alumi-
num. �e material selected must be resistant to any 
corrosive condition existing at the installation or 
must otherwise be suitably protected against cor-
rosion. Bare aluminum or copper-clad aluminum 
grounding electrode conductors are not permitted 
to be used where in direct contact with the earth, 
masonry, or where subject to corrosive conditions. 
Where used outside, aluminum or copper-clad alu-
minum grounding conductors are not permitted to 
be terminated within 450 mm (18 in.) of the earth 
[NEC 250.64(A) or IRC E3610.2].

rounding lectrode Conductor 
Splices
�e grounding electrode conductor can be solid or 
stranded, insulated, covered or bare and generally 
must be installed in one continuous length with-
out a splice or joint. �e Code permits grounding 

electrode conductors to be spliced only by means 
of an “irreversible compression-type connector 
that is listed as grounding and bonding equip-
ment” or by the exothermic welding process. Sec-
tions of busbars are also permitted to be connected 
together to form a grounding electrode conductor. 

Irreversible compression-type connectors are 
often referred to as crimp-sleeves and are installed 
with specially designed compression tools. Some 
of the tools are hydraulic. It is important that the 
same manufacturer’s compression tool and sleeves 
be used to achieve a proper connection.

Where the exothermic welding process is used, 
it is important that the proper form designed 

Photo 5.1 . rounding clamp listed for connection of 
grounding electrode conductors to pipes

Photo 5.1 . isted grounding clamp for attachment of 
grounding electrode conductor to ground rod (suitable for 
direct burial)
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for the conductor size is used and that all of the 
manufacturer’s instructions are followed [NEC 
250.64(C) or IRC E3610.1] (see figure 5.25).

rounding lectrode Conductor 
Taps
A grounding electrode conductor (GEC) can be 
installed by several methods. �e most common 
method is to install a single grounding electrode 

conductor (sized based on the larg-
est service-entrance conductor) from 
the grounding electrode to the service 
disconnect. �e Code also permits the 
connection of taps to the grounding 
electrode conductor. �is method of 
installing the grounding electrode con-
ductor is common where two or more 
service disconnecting means enclosures 
are grouped at the same location.

Typically, a common grounding elec-
trode conductor is run from the ground-
ing electrode to the vicinity of the mul-
tiple service disconnecting means. Each 
such tap conductor is required to extend 
from the common grounding electrode 
conductor to inside each such enclo-
sure. �e size of the common grounding 
electrode conductor must be based on 
the total circular mil area of the largest 
service-entrance conductors using NEC 
Table 250.66 or IRC Table E3603.4. 
However, grounding electrode conductor 
taps to each disconnect are permitted to 
be sized based on the largest conductor 
serving the respective separate enclo-
sures (see figure 5.26).

Sizing of the common grounding elec-
trode conductor, shown in figure 5.26, is 
based upon the size of the service-en-
trance conductors. For example, let ’s 
say the service-entrance conductors 
are 2/0 AWG copper. By referring 
to NEC Table 250.66 or IRC Table 
E3603.4 for sizing grounding electrode 

conductors, one finds the minimum size would be 4 
AWG copper or 2 AWG aluminum or copper-clad 
aluminum.

Each of the taps must be sized in accordance 
with the applicable table as well, but their size is 
based individually upon the largest service-en-
trance conductor serving the individual enclosure.

For example, if each enclosure is supplied with 
2 AWG copper service-entrance conductors, the 
size of each GEC tap would be not less than 8 

Figure 5.25. rounding electrode conductors are generally required to 
be installed in one continuous length without a splice  but splicing is 
permitted under specific conditions

Figure 5.26. Taps from common grounding electrode conductor are 
permitted to be extended to each ser ice disconnect indi idually.
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AWG copper or 6 AWG aluminum or cop-
per-clad aluminum.

�e GEC tap conductors must be connected 
to the common grounding electrode conductor in 
such a manner that the common grounding elec-
trode conductor remains without a splice or joint. 
�is does not require that the common grounding 
electrode conductor extend unbroken into one of 
the service enclosures. It does mean the common 
grounding electrode conductor cannot be spliced 
at the point where the tap is being made [NEC 
250.64(D)(1)]. �is common GEC and taps 
method is not addressed in the IRC and therefore 
would be permitted by default to the NEC (see 
IRC E3401.2).

rounding lectrode Conductor 
Installation
�e grounding electrode conductor is another one 
of the four conductors required to hit the “ground-
ing target” at the service disconnecting means. As 
stated at the beginning of this chapter, a ground-
ing electrode conductor is defined as “a conductor 
used to connect the system grounded conductor 
or the equipment to a grounding electrode or to 
a point on the grounding electrode system.” �e 
Code provides specific requirements for installa-
tion(s) of the grounding electrode conductor(s). 

It is important that the grounding 
electrode conductor be protected from 
physical damage so it will be intact and 
continuous when it is called upon to per-
form its intended function. It must be 
securely fastened to the surface on which 
it is carried and must be protected from 
physical damage accordingly.

A 4 AWG or larger copper or alumi-
num conductor must be protected if it is 
exposed to physical damage. A 6 AWG 
grounding electrode conductor that is 
free from exposure to physical damage 
is permitted to be run on the surface of 
the building construction without pro-
tection. If exposed to physical damage, 

it must be protected by installation in rigid metal 
conduit, intermediate metal conduit, rigid nonme-
tallic conduit, electrical metallic tubing, or cable 
armor. Grounding electrode conductors smaller 
than 6 AWG must be protected from physical 
damage. Grounding electrode conductors are 
permitted to be installed on or through framing 
members [NEC 250.64(B) or IRC E3610.2].

Aluminum or copper-clad aluminum grounding 
electrode conductors are not permitted to be used 
when they are in direct contact with masonry or 
the earth or where subject to corrosive conditions. 
Where used outside, aluminum or copper-clad 
aluminum grounding electrode conductors must 
not be terminated within 450 mm (18 in.) of the 
earth [NEC 250.64(A) or IRC E3610.2].

Si ing of rounding lectrode 
Conductors
Sizing of the grounding electrode conductor(s) 
for an alternating-current system cannot be less 
than that given in NEC Table 250.66 or IRC Ta-
ble E3603.4. �e size of the grounding electrode 
conductor is based on the size of the largest ser-
vice-entrance conductor and not on the rating of 
the circuit breaker or fuse in the service equip-
ment. To use the table, determine the size of ser-
vice-entrance conductor and whether it is copper 

Figure 5.27. Installation of the grounding electrode conductor(s)
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or aluminum. Follow the column for the size and 
type of conductor down until the size of the larg-
est service-entrance conductor is found. Move to 
the right to find the copper or aluminum ground-
ing electrode conductor required. Note that nei-
ther the ampere rating of the service equipment 
nor the ampere rating of a main breaker or fuse 
is used to determine the size of the grounding 
electrode conductor. �e ampere rating of the ser-
vice equipment or the main circuit breaker or fuse 
could be used to determine the size of the largest 
service-entrance conductors.

For example, if the size of the service-entrance 
conductors is 400 kcmil copper, the grounding 
electrode conductor must be either 1/0 AWG 
copper or 3/0 AWG aluminum.

Specific sizes of grounding electrode conductors 
for connection to rod, pipe, or plate electrodes; 
concrete-encased electrodes; or a grounding elec-
trode ring that do not extend on to other types of 
electrodes that require a larger size conductor are 

provided as follows: 

1. If the grounding electrode conductor or 
bonding jumper connected to a single or 
multiple rod, pipe, or plate electrode(s), or 
any combination thereof does not extend on 
to other types of electrodes that require a 
larger size conductor, the grounding elec-
trode conductor is not required to be larger 
than 6 AWG copper or 4 AWG aluminum 
wire.

2. If the grounding electrode conductor or 
bonding jumper connected to a single or 
multiple concrete-encased electrode(s) does 
not extend on to other types of electrodes 
that require a larger size of conductor, the 
grounding electrode conductor is not re-
quired to be larger than a 4 AWG copper 
wire.

3. If the grounding electrode conductor or bond-
ing jumper connected to a ground ring does 

Table 5.2. eproduction of NEC Table 250.66. rounding lectrode Conductor for Alternating-Current Systems
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not extend on to other types of electrodes that 
require a larger size of conductor, the ground-
ing electrode conductor is not required to be 
larger than the conductor used for the ground 
ring [NEC 250.66(A),(B), and (C) or IRC 
Table E3603.4 and table notes].

onding etal nclosures for 
rounding lectrode Conductors

It has become common practice to enclose a 
grounding electrode conductor in a raceway or en-
closure to protect it from physical damage. If the 
raceway or enclosure is ferrous metal, the Code re-
quires the metallic enclosure to be protected from 
magnetic fields. �is is accomplished by bond-
ing ferrous metallic raceways and enclosures for 
grounding electrode conductors to the grounding 
electrode conductor itself. Bonding of such ferrous 
metal raceways or enclosures between the service 
equipment and the grounding electrode is done in 
a manner that puts the ferrous metallic enclosure 
and the grounding electrode conductor in parallel 
with each other.

During events such as ground faults and light-
ning strikes, the amount of current flowing in the 
grounding electrode conductor to earth can rise 
and fall with relatively high amounts of current. 
�e ferrous metallic enclosure around the ground-
ing electrode conductor increases the impedance 
and will restrict the current trying to flow to earth. 
�is is often referred to as the choke effect in the 
electrical field; because, without this bonding, 
more current will flow on the raceway than on 
the grounding electrode conductor itself. Bonding 
metal raceways and enclosures to the grounding 
electrode conductor at both ends minimizes the 
impedance and allows the conduit to provide an 
additional path over which current can flow. Elec-
trical theory predicates that the majority of the 
electrical current will flow over the conduit, and 
a minimum amount will flow in the contained 
grounding electrode conductor [NEC 250.64(E) 
or IRC E3610.3].

Ferrous metal enclosures for grounding elec-

trode conductors are required to be electrically 
continuous from the point of attachment to cabi-
nets or equipment to the grounding electrode. �e 
ferrous metal conduit is also required to be secure-
ly fastened to the ground clamp or fitting. Where 
the ferrous metal raceway is not physically con-
tinuous, it must be made electrically continuous 
by bonding. �e bonding jumper is required to be 
at least the same size as the grounding electrode 
conductor itself. Keep in mind that protection 
from physical damage can be provided by Sched-
ule 80 PVC conduit, and since the material is 
nonconductive, bonding is obviously not required. 
Bonding is also not required for non-ferrous met-
al raceways such as brass or aluminum. �is is a 
common trade practice when the grounding elec-
trode conductor requires protection from physical 
damage or a raceway is specified for other reasons, 
such as aesthetics.

For more detailed information concerning met-
al raceways carrying current and compliance with 
NEC 250.64(E) or IRC E3610.3, look for the 
Grounding and ElectroMagnetic Interference 
(GEMI) Research referred to as the “GEMI” test 
and software published by the Steel Tube Institute.

onding of etal ater Piping 
Systems
Metal water piping systems that does not qualify 
as a grounding electrode itself, either installed in 
or attached to a building or structure are required 
to be bonded to the service equipment enclosure, 
the grounded (neutral) conductor at the service, 
the grounding electrode conductor where of suf-
ficient size, or to the one or more grounding elec-
trodes used, if the grounding electrode conductor 
or bonding jumper to the grounding electrode is 
of sufficient size. If this metal water piping system 
qualifies as a grounding electrode per the require-
ments of NEC 250.52(A)(1) or IRC E3608.1.1, it 
will be bonded to the service equipment through 
the grounding electrode system.

�e metal water piping system bonding jump-
er must be sized in accordance with the size of 
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Figure 5.2 . aximum si e 6 A  copper or  A  aluminum C to 
rod  pipe  or plate electrode if C does not extend on to other types 
of electrodes that require a larger si e of conductor

Figure 5.2 . aximum si e  A  copper C to concrete-encased 
electrode if C does not extend on to other types of electrodes that 
require a larger si e of conductor

the service-entrance conductor, by ref-
erence to NEC Table 250.102(C)(1) or 
IRC Table E3603.4, just as though this 
bonding conductor were being connect-
ed to the metal water pipe as a ground-
ing electrode conductor. �e bonding 
of metal water piping has become even 
more important as more nonmetallic 
water piping is being used underground 
to supply dwellings and then transition-
ing to metal or copper once inside the 
building. Obviously, metal water piping 
is conductive. Electrocutions and many 
incidents of electric shock have occurred 
where the metal water pipe became en-
ergized accidentally and was contacted 
by a person who completed the ground-
fault circuit back to the source or to 
the earth. �is bonding applies to both 
supply and metal drain lines. Installation 
of the bonding jumper to metal water 
pipes must be in accordance with NEC 
250.64(A), (B), and (E) or IRC E3610.2 
and E3610.3 (see figure 5.31).

Points of attachment of the bonding 
jumper to the metal piping are required to 
be accessible. In some cases an access panel 
is provided to keep these points of connec-
tion accessible [NEC 250.104(A) or IRC 
E3609.6 and IRC E3609.7]. �e clamp in 
photo 5.15 is required to be accessible.

�e requirement calling for the points 
of attachment of the bonding jumper 
to be accessible originated when it was 
found that the common practice in some 
parts of the country of using a welder to 
thaw out frozen water lines resulted in 
property damage. It was not uncommon 
for a fire to start when the metallic water 
pipe or grounding electrode conductors got red-hot 
while they carried welder current to adjacent prop-
erties through metallic water lines. �is is especially 
a problem where more than one dwelling is sup-
plied from a common power transformer and the 
dwellings are also supplied by a common metallic 

water pipe. �e welder circuit can then be complet-
ed in both directions.

An alternative method for bonding metallic water 
piping systems in buildings incorporating multiple 
occupancies is permitted under certain restrictive 
provisions. �is method for bonding the interior me-
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tallic water piping system in each unit is permitted 
where the underground portion of the system can-
not be used as a grounding electrode. An example 
application is where the common water service to 
a two-family dwelling is nonmetallic water pipe 
and the interior water piping is made up of me-
tallic pipes or tubing such as copper or galvanized 
steel. �e Code permits the interior metal water 
piping system for each occupancy to be bonded 
to the panelboard enclosure (other than at service 
equipment) supplying that occupancy. In this case, 
the size of this bonding jumper must be in accor-

dance with NEC Table 250.122 or IRC 
Table E3908.12, based on the rating of 
the overcurrent protection that supplies 
the panelboard for that individual occu-
pancy. �is coordinates, and is consistent, 
with the minimum size of equipment 
grounding conductor required to be in-
stalled with the feeder from the service 
equipment to a feeder panelboard.

onding etal as Piping 
or ther Piping Systems
Metal gas piping system(s) and other 
metallic piping systems that are like-
ly to become energized are required to 
be bonded (see photo 5.16). �e Code 
requires this bonding jumper to be 
connected to the service equipment en-
closure, the grounded conductor at the 
service, the grounding electrode conduc-
tor where of sufficient size, or to one or 
more of the grounding electrodes used 
(if the grounding electrode conductor or 
bonding jumper to the grounding elec-
trode is of sufficient size) for the ground-
ing electrode system [NEC 250.104(B) 
or IRC E3609.7].

�e equipment grounding conductor 
for the equipment supply circuit that is 
likely to energize the piping system shall 
be permitted to serve as the bonding 
means to meet the minimum require-

ments of the Code. NEC Table 250.122 or IRC 
Table E3908.12 is required to be used for sizing 
this bonding jumper or equipment grounding 
conductor.

�e Code requires an equipment grounding con-
ductor (EGC) to provide a fault return path and 
to ground the appliance. �e EGC is sized based 
upon the rating of the branch-circuit overcurrent 
protective device, which is given in NEC Table 
250.122 or IRC Table E3908.12. �e EGC would 
logically be of adequate size to bond the gas pipe 
connected to the appliance, such as a gas furnace.

Figure 5. 0. Protection from magnetic fields where grounding 
electrode conductor is installed in ferrous metallic raceways

Figure 5. 1. ater piping system bonding and other piping system 
bonding
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�e objective of this requirement is to keep the 
gas piping system at the same voltage potential 
as any other metal piping system if it were to be-
come energized (see photos 5.17 and 5.18). �e 
most likely source of this potential problem is a 
gas appliance such as a range, oven, furnace, boiler 
or other heating appliance that also uses electrical 
energy.

Some electricians route the bonding conductor 
to the metal water pipe through a clamp placed 
on the gas pipe. Some of the manufacturers of the 
flexible gas tubing have suggested in their man-
ufacturer’s instructions that a 6 AWG bonding 
jumper be routed all the way back to the service to 
properly bond their product. �is is not an NEC 

requirement. Compliance with NEC 250.104(B) 
or IRC E3609.7 as described above is applicable 
here. �e Code makes it clear the underground 
portion of a metal gas pipe is not to be used as a 
grounding electrode, but the aboveground portion 
(in or on the building) is required to be bonded. 
A clear understanding of the difference between 
grounding and bonding is essential for proper 
compliance of this Code requirement.

Nonmetallic pipe is commonly used as the un-
derground gas supply to dwellings. An isolating 
bushing or coupling at the gas meter accomplish-
es isolation between the underground and abo-
veground portions of the metallic gas pipe. Be-
cause of this, the aboveground portion of the gas 
piping can be bonded without the underground 
piping being a part of the grounding electrode 
system.

Other metal piping systems such as oil piping 
and air-conditioning system refrigerant piping 
also fall into the requirements for bonding. How-
ever, as indicated above, the minimum require-
ments of the Code are usually met by establishing 
a supply-circuit equipment grounding conductor 
connection to the equipment. �is is a minimum 
requirement, and many jurisdictions may modify 
or amend the minimum requirements through lo-
cal codes or regulations.

Bonding all piping and metal air ducts within 
the premises will provide additional safety. �is 
will keep all metal parts of the various systems at 
the same electrical potential, thus reducing shock 
hazards. For the air ducts, etc., this is a recom-
mendation and not a Code requirement [NEC 
250.104(B) Informational Note No. 1].

rounding nderground etal 
lbows

�e Code requires that all metal enclosures for 
service enclosures and equipment be connected 
to the grounded system conductor. However, the 
Code exempts the bonding of a metal elbow and 
metal components that are installed in an under-
ground installation of nonmetallic conduit, such 

Photo 5.15. ater pipe bonding clamp is required to be 
accessible and located not more than 1.52 m (5 ft) from 
where the water enters the building.

Photo 5.16. as piping system bonded on the customer 
side of gas meter  underground gas piping is prohibited 
from being used as a grounding electrode
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as rigid polyvinyl chloride conduit (PVC), where 
it is isolated from possible contact by a minimum 
earth cover of 450 mm (18 in.) to any part of the 
elbow or metal component.

It has been a common practice to install metal el-
bows for pulling purposes in an underground service 
raceway of rigid polyvinyl chloride conduit (PVC) to 
prevent damaging the PVC raceways during cable 
pulling operations. �is same allowance is permitted 
where other raceways containing other than service 
conductors utilize this method of installation [NEC 
250.80, Exception or IRC E3908.1 Ex. No. 2].

quipment equiring rounding
�e Code requires that the exposed non–cur-

rent-carrying part of many types of equipment 
be grounded by connection to the equipment 
grounding conductor. Any equipment installed 
within 2.5 m (8 ft) vertically or 1.5 m (5 ft) hor-
izontally of ground or grounded metal objects is 
required to be grounded. Similarly, equipment lo-
cated in wet or damp locations and not isolated, 
or located in electrical contact with metal must 
be grounded. Electrical equipment with exposed 
metal parts must be grounded where the equip-
ment is supplied by a metal-clad, metal-sheathed, 
or metal raceway or any other wiring method 
that provides an equipment grounding conductor 
(NEC 250.110 or IRC E3908.2). �ere is an ex-
ception for short sections of metal raceways used 
for supporting cables or providing protection from 
physical damage (250.86 Ex. No. 2).

Motors, motor-operated well pumps and metal 
well casings are required to be grounded by con-
nection to the equipment grounding conductor, 
regardless of voltage. Many types of cord- and 
plug-connected equipment commonly found in 
residential occupancies are required to be ground-
ed (EGC connection). �e long list of residential 
equipment found in NEC 250.114(3) includes 
larger appliances and equipment such as refrig-
erators, freezers, air conditioners, clothes washing 
and drying equipment, dishwashers, waste dispos-
ers, computers, sump pumps and aquarium equip-
ment. It also includes hand-held, stationary, and 
fixed motor-operated tools, and outdoor types of 
motor-operated appliances such as hedge-clippers, 
lawn mowers, snow-blowers, and wet scrubbers.

�e Code permits listed tools, appliances, and 
equipment to not be connected to the equipment 
grounding conductor where the equipment is pro-
tected by a system of double insulation. Double 
insulated equipment must be distinctively marked.

Requirements for equipment grounding con-
ductors are covered in detail in Chapter 6 (for 
feeders) and Chapter 11 (for branch circuits). 
Information relative to the acceptable types of 
equipment grounding conductors, identification 
means and sizing requirements are provided in 
those chapters.

Photos 5.17 and 5.1 . quipment grounding conductor of 
the branch circuit supplying the gas appliance can ser e 
as the bonding means for the gas piping and meets the 
minimum requirements of the Code.
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Figure 5. 2. onding of underground metal elbows is required unless 
isolated from contact by minimum 50 mm (1  in.) of co er.

Figure 5. . onding and grounding of remote metering equipment

onding and rounding 
emote etering 
quipment

�e Code requires all equipment contain-
ing service conductors to be grounded 
and bonded (NEC 250.80; 250.92 and 
IRC E3609.2; E3908.1). �is includes 
meter enclosures, metal raceways and 
metal weatherheads that are installed 
remote from service equipment, typical-
ly on a yard pole. It is quite common to 
find this arrangement on rural premises 
where the term may pole has been used 
to describe this typical installation. �is 
is due to the case where the electric util-
ity serves the top of the pole with a ser-
vice drop. Either the service utility or the 
owner then installs from one to several 
service drops to buildings in a circular 
fashion.

It is important that the grounded 
service (neutral) conductor be con-
nected to the meter enclosure. �is will 
provide a low-impedance path from 
any line-to-ground fault that may oc-
cur in the remote metering equipment 
back to the source, which is typically 
the utility transformer. �e use of the 
grounded service conductor for bond-
ing equipment on the line side of the 
service disconnecting means is permit-
ted by the Code for this purpose [NEC 
250.142(A) or IRC E3609.4.1].

It is a serious mistake to connect only a ground-
ing electrode conductor from the meter housing 
to a grounding electrode such as a ground rod 
installed near the meter equipment. It is very 
unlikely that enough current will flow through 
the earth (high-impedance path) to operate the 
transformer line-side fuse. Besides, earth return 
paths for fault current are prohibited by the Code 
[NEC 250.4(A)(5) or IRC E3908.5]. Where a 
ground rod or other electrode such as a plate or 
pipe is installed at the remote meter equipment, 
it is considered a auxiliary grounding electrode. 

It is permitted to be installed in addition to the 
required safety bonding and grounding connec-
tions. �e earth is not permitted to be used as 
a substitute for a required equipment grounding 
conductor [NEC 250.54].

�ere is a Residential Electrical Inspection 
Checklist in Appendix B, which includes a 
grounding and bonding checklist. �is checklist 
is provided to assist the reader with proper appli-
cation of the requirements of the Code relative to 
grounding and bonding for one- and two-family 
dwelling electrical systems.
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rounding equirements at 
Separate uildings or Structures 
( utbuildings)
For new installations of a grounded system, feed-
ers and branch circuits to separate outbuildings 
must employ an equipment grounding conduc-
tor system. �is means that the feeder or branch 
circuit to the outbuilding must provide a means 
to ground equipment in the outbuilding by pro-
viding an equipment grounding conductor that is 

Figure 5. 5. rounding and bonding at an existing outbuilding 
supplied by an existing feeder

run with the supply conductors to the 
outbuilding. Any installed grounded 
conductor cannot be connected to the 
equipment grounding conductors or to 
the established grounding electrode sys-
tem at the second building. A grounding 
electrode system must be established at 
the outbuilding if there is no existing 
grounding electrode system present at 
the outbuilding [NEC 250.32(A) and 
(B) or IRC E3607.3].

�ere is an exception to NEC 
250.32(B), which applies to existing 
installations only, that permits the use 
of grounded (neutral) circuit conduc-
tor for grounding purposes at the out-
building. �is rule is found in the IRC 
at E3607.3.2. �is exception permits 
the grounded (neutral) conductor to be 
grounded again at the disconnecting 
means for the additional building or 
structure only if all the following condi-
tions are met:

1. An equipment grounding conduc-
tor is not run with the supply to the 
second building or structure.

2. �ere are no continuous metallic 
paths bonded to the grounding sys-
tem in each building or structure 
involved (metallic wiring method, 
metallic water or gas lines, phone 
lines, etc.).

3. Ground-fault protection of equip-
ment has not been installed on the 
common ac service, which typically 
would not be applicable at dwelling 
units. See Chapter 15 of this book 
for more information pertaining to 
wiring methods and grounding and 
bonding at accessory buildings or 
structures.

Figure 5. . rounding and bonding at an outbuilding supplied by a 
feeder
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Figure 5. 6. Ser ice rounding and onding Diagram

Product Safety Standard 
Requirements
It is recommended that the following electrical 
product safety guide card information and product 
safety standards be consulted for additional guid-
ance on the proper installation, operation and use 
of electrical equipment covered in this chapter. �e 
four-letter code in parentheses refers to the product 

category in the UL Guide Information for Electrical 
Equipment Directory (UL Product Spec material).

• Equipment for Use in Ordinary Loca-
tions (AALZ)

• Grounding and Bonding Equipment 
(KDER)

• Grounding and Bonding Equipment, 
• Communication (KDSH)



162

Questions

1. A conductor installed on the supply side of a 
service or within a service equipment enclosure(s), 
or for a separately derived system, that ensures 
the required electrical conductivity between metal 
parts required to be electrically connected is the 
definition of which of the following:

A. Bonding Jumper
B. Bonding Jumper, Equipment
C. Bonding Jumper, Service-Side
D. Bonding Jumper, Supply-Side

2. Where used outside, aluminum or copper-clad 
aluminum grounding conductors must not be ter-
minated within what distance of the earth?

 
A. 450 mm (18 in.)
B. 600 mm (24 in.)
C. 750 mm (30 in.)
D. 900 mm (36 in.)

3. �e minimum size for a copper grounding 
electrode conductor is?

A. 12 AWG
B. 10 AWG
C. 8 AWG
D. 4 AWG

4. �e size of the copper grounding electrode 
conductor for a 120/240 volt, 3-wire, 200-ampere 
service supplied by 2/0 AWG copper service-en-
trance conductors is required to be:

A. 10 AWG copper or 8 AWG aluminum
B. 8 AWG copper or 6 AWG aluminum
C. 6 AWG copper or 4 AWG aluminum
D. 4 AWG copper or 2 AWG aluminum

5. �e definition for grounded (grounding) is 
“connected (connecting) to ground.”

True ______ False _____

6. Unless otherwise permitted, the grounded 
circuit conductor on the load side of a service dis-
connecting means must not be used for grounding 
meter housings and panelboards and metallic en-
closures and guards.

True ______ False ______

7. A length of 6.0 m (20 ft) or more of a 4 AWG 
bare copper conductor can be used to qualify as 
a concrete-encased grounding electrode where in-
stalled horizontally, or vertically, and within that 
portion of a concrete footing that is in direct con-
tact with the earth.

True ______ False ______

eferences
1National Electrical Code and NEC are registered trademarks of 

the National Fire Protection Association, Inc., Quincy, MA 02169. 

�is reprinted material is not the official position of the National Fire 

Protection Association, which is represented only by the standard in 

its entirety.

2International Residential Code for One- and Two-
Family Dwellings (2018). Copyright © International Code 
Council, Inc., February 2017.

3Underwriters Laboratories Inc. (UL), Northbrook, IL. 
UL Guide Information for Electrical Equipment Directory 
(UL Product Spec material  unless indicated otherwise.



Chapter  5 — Grounding and Bonding Requirements for Dwelling Units  163

8. A two-family dwelling contains a 200-ampere, 
single-phase main service panel supplied with 2/0 
AWG Type THW copper service-entrance con-
ductors in rigid metal conduit. �e minimum size 
of the main bonding jumper must be ________ 
AWG.

A. 6 AWG aluminum
B. 6 AWG copper
C. 4 AWG aluminum
D. 4 AWG copper

9. An equipment bonding jumper is permitted 
to be installed outside a raceway from a dwelling 
A/C unit to a disconnecting means where it is 
routed with the raceway and not longer than:

A. 1.5 m (5 ft)
B. 1.8 m (6 ft)
C. 2.5 m (8 ft)
D. 3.0 m (10 ft)

10. Under what condition can the earth serve as 
an effective ground-fault current path?

A. where salted
B. not permitted
C. with ground enhancement material
D. where approved

11. A metal underground water piping system 
must be used as a grounding electrode where less 
than 3.0 m (10 ft) of the metallic piping system is 
buried in the earth.

True ______ False ______

12. Motor-operated water pumps, including 
submersible types, require that their non–cur-
rent-carrying metal parts be connected to an 
equipment grounding conductor at:

A. any voltage or location
B. swimming pool locations
C. commercial buildings
D. residential locations

13. �e intersystem bonding termination for 
bonding of limited energy systems such as com-
munications, radio and TV, and CATV circuits 
is required to have at least ______ intersystem 
bonding termination points.

A. two
B. three
C. four
D. five

14. �e intersystem bonding termination should 
be securely mounted and electrically connected to 
which of the following:

A. an enclosure for the service equipment
B. the meter enclosure
C. an exposed nonflexible metallic 
 service raceway
D. any of the above

15. Where the required main bonding jumper is 
installed in service equipment enclosures it must 
be identified with a green finish where it is a: 

 
A. screw
B. strap
C. busbar
D. conductor
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16. A single rod, pipe, or plate electrode is re-
quired to be supplemented by an additional elec-
trode, such as another rod, pipe, or plate electrode.

True ______ False ______

17. Under what conditions can a metal under-
ground gas piping system be used as a grounding 
electrode?

A. when approved by the AHJ and    
gas supplier

B. under no circumstances
C. where protected by GFP
D. where protected by GFCI

18. For new installations, feeders and branch 
circuits to separate outbuildings must employ an 
equipment grounding conductor system.

True ______ False ______

19. Machine screw-type fasteners or thread- 
forming machine screws that engage not less than 
two threads or are secured with a nut are permit-
ted to be used to connect grounding conductors or 
bonding jumpers to metal enclosures.

True ______ False ______

20. �e maximum allowable resistance for a rod, 
pipe, or plate electrode is _______ before a sup-
plemental electrode would be required.

A. 80 ohms
B. 45 ohms
C. 35 ohms
D. 25 ohms

21. A grounding electrode conductor that is 
exposed to physical damage must be installed in 
rigid metal conduit, intermediate metal conduit, 
rigid PVC conduit, electrical metallic tubing, or 
cable armor when it is smaller than _____ AWG.

A. 6 AWG
B. 4 AWG
C. 2 AWG
D. 1 AWG

22. A main bonding jumper must be any of the 
following except a:

A. wire
B. bus
C. screw
D. rivet

23.  A ground rod must be driven into the earth 
at a depth of not less than:

A. 2.7 m (9 ft)
B. 2.44 m (8 ft)
C. 1.8 m (6 ft)
D. 1.2 m (4 ft)

24. Which of the following is not recognized as 
a component in a grounding electrode system?

A. ground ring
B. metal frame or building
C. concrete-encased electrode
D.   Metric designator 16 (1/2 in.) 
 galvanized pipe or conduit

25. A bonding jumper used to bond other piping 
systems such as gas piping shall be sized in accor-
dance with NEC 250.66 or IRC E3603.4, using 
the rating of the circuit that is likely to energize 
the piping system(s).

True ______ False ______
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26. A concrete-encased electrode is required to 
be less than what portion of a concrete foundation 
or footing that is in direct contact with the earth?

A. 2.5 m (8 ft)
B. 3.0 m (10 ft)
C. 6.0 m (20 ft)
D. 12 m (40 ft)

27. Grounding electrode conductors are not 
permitted to be spliced under any circumstances.

True ______ False ______

28. Electrical continuity at service equipment, 
service raceways, and service conductor enclosures 
shall be ensured by any of the following methods 
except:

A.  Bonding equipment to the grounded 
 service  conductor
B.  Connections utilizing threaded couplings  

 or  threaded hubs on enclosures if made 
 up wrenchtight
C.  Standard locknuts and bushings made 
 up wrenchtight
D.  Other listed devices, such as bonding-type 
 locknuts, bushings, or bushings with   

 bonding jumpers 

29. It is permitted to run a tap from a grounding 
electrode conductor to the inside of a panelboard 
where two to six service enclosures from the same 
service are grouped at the same location.

True ______ False ______ 

30. A Type UF single-branch circuit consisting 
of 12-3 with ground supplies a detached garage. 
A grounding electrode is required at the detached 
garage.

True _____ False _____

31. A piece of rebar has been installed from a 
concrete-encased electrode to an accessible loca-
tion above the slab and is referred to as a(n):

A. concrete-encased electrode
B. grounding electrode
C. extension
D. bonding connection

32. �is metal in-ground support structure of 
a building is an effective electrode only where 
__________ or more of a single structural metal 
member is in direct contact with the earth.

A. 2.44 m (8 ft)
B. 3.0 m (10 ft)
C. 4.5 m (15 ft)
D. 6.0 m (20 ft)
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Chapter 6

Requirements for
Feeders

Definitions
Concealed. “Rendered inaccessible by the 
structure or finish of the building.” 

Informational Note: Wires in concealed race-
ways are considered concealed, even though they 
may become accessible by withdrawing them.
Exposed, (as applied to wiring methods). “On or 

attached to the surface or behind panels designed 
to allow access.”
Feeder. “All circuit conductors between the ser-

vice equipment, the source of a separately derived 
system, or other power supply source and the final 
branch-circuit overcurrent device” (NEC Article 
100 and IRC Chapter 35).

hat Are Feeders
Feeders, as typically used in one- and two-family 
dwellings, are the conductors between the ser-
vice equipment and a feeder or sub-panelboard. 
A feeder is sometimes referred to as a subfeed-
er and the feeder panelboard as a subpanel. �e 
Code does not use these terms but they are useful 
in understanding the difference between a ser-
vice and a feeder. A feeder is always supplied by 
or subordinate to a service. A feeder may supply 
another feeder but ultimately can be traced back 
to the load side of the service equipment. Feeders 
that supply a separate building, such as a detached 
garage, are often mistakenly called a service to the 
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building. If these conductors are sup-
plied from the load side of the service 
equipment, they are feeder conductors. 
Typically at dwelling units, only utilities 
supply the service equipment for a given 
premises. �e service equipment is ulti-
mately the source for feeders on those 
same premises.

In some installations, the service equip-
ment is located outside the building with 
the feeder conductors running to a pan-
elboard located inside (see photo 6.1). In 
other cases, the service equipment and 
the feeder conductors and equipment 
are installed outdoors. Where properly 
located, both the service equipment and 
feeder conductors and equipment can be 
located inside the building. However, the 
length of the service conductors located 
inside the building is limited to the min-
imum length needed to terminate in the 
service disconnect. For this reason, the 
service equipment must be located near-
est the point where the service conduc-
tors enter the building [NEC 230.70(A)
(1) or IRC E3601.6.2]. No such length 
restriction applies to feeder conductors 
that supply feeder panelboards located 
within the same building. �e differ-
ence in installation requirements is due 
to feeder conductors having overcurrent 
protection at their supply end. Service 
conductors have only overload protec-
tion at their load end.

eneral equirements
As can be seen in the definition of a feeder, a ma-
jor difference exists between feeder conductors 
and service conductors. Feeders usually have over-
current protection in the form of a circuit breaker 
or fuse where the conductors originate, or at their 
supply end. Service conductors have no overcur-
rent protection at their line or source end, but are 
protected from overload at their load end.

Generally, feeders have overcurrent protection 
at the line or source end of the circuit. However, 
conductors that originate at a separately derived 
system, such as a transformer or generator, are also 
considered to be feeder conductors. Since trans-
former installations for power are not too com-
mon in one- and two-family dwellings, we will not 
cover them in this text (see chapter 12 of IAEI’s 
Soares Book on Grounding and Bonding for more 
information about this subject). 

�e Code permits feeders to be “tapped” under cer-
tain conditions. Several of the tap rules from NEC 

Figure 6.1. Feeder is defined as the conductor(s) between the ser ice 
and the final branch-circuit o ercurrent de ices(s).

Photo 6.1. Feeders must be si ed to carry the load ser ed
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240.21 allow the overcurrent protective device to 
be at the load end of the conductors. We will cov-
er the 3 m (10 ft) and 7.5 m (25 ft) tap rules from 
the NEC later in this chapter. Tap rules are beyond 
the scope of the IRC, so installations for one- and 
two-family dwellings utilizing feeder taps will fall 
under the requirements of the NEC by default (see 
IRC E3401.2).

Si ing ain Power Feeders and 
ther Feeder Conductors

A feeder must be sized to have an ampacity not 
lower than required to supply the load(s) being 
served by the feeder. A load calculation typically 
must be performed to determine the minimum 
size feeder permitted. �is calculation is required 
to meet the provisions of NEC Articles 215 and 
220 or IRC E3704. See Chapter 2 of this text for a 
detailed review of load calculation methods based 
on either the NEC or IRC requirements.

A load calculation for a feeder is done similarly 
to that for a service, except only the loads supplied 
by the individual feeder are considered. In some 
cases, this affects the demand factors allowed. For 
example, NEC 220.53 or IRC Table E3704.2(1) 
permits a demand factor of 75% to be applied to 
the nameplate rating load of four or more appli-
ances fastened in place and served by the same 

feeder. If branch circuits are installed so 
fewer than four appliances are supplied 
by the same feeder, no demand factor 
may be applied when doing the load cal-
culation for that feeder.

Feeder conductors do not have to have 
an allowable ampacity that is larger than 
the service-entrance conductors that 
supply them. �is means that for a given 
conductor material and insulation type, 
feeder conductors never have to be larger 
than their service conductors. �e Code 
treats a feeder that supplies the entire load 
associated with a dwelling unit basically 
in the same manner as services. �is type 
of a feeder is commonly referred to as a 
“main power feeder” by users of the Code. 

Although the Code no longer defines a “main pow-
er feeder,” for the purpose of this chapter, it can be 
defined as a feeder between the main service dis-
connect and a lighting and appliance feeder panel-
board that supplies the entire load associated with 
a single-family dwelling or an individual dwelling 
unit in a two-family or multifamily dwelling. NEC 
310.15(B)(7) or IRC E3603.1 can be used to size 
conductors that qualify as the main power feeder 
or service conductors. It should be clear that only 
one main power feeder can exist at a dwelling 
unit since this main power feeder must supply all 
loads associated with the dwelling. �e number of 
main power feeders in an individual dwelling is 
limited to one for the purpose of applying NEC 
310.15(B)(7) or IRC E3603.1. NEC 310.15(B)
(7) applies where the circuits operate at 240/120-
volt or a 208Y/120-volt, single-phase, 3-wire, and 
supplies an individual dwelling unit. IRC E3603.1 
still applies only to a 120/240-volt, single-phase, 
3-wire system, but would need to default to the 
NEC for a 208Y/120-volt system due to IRC 
E3401.2. Feeder conductors that do not qualify 
as a main power feeder would be sized using the 
ampacity values from NEC Table 310.15(B)(16) 
or IRC Table E3705.1.

For service and feeder conductors rated 100 
through 400 amperes, the conductors supply-

Figure 6.2. The main power feeder from ser ice equipment to feeder 
panelboard
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Photo 6.2. Two main lug only ( ) feeder panelboards 
supplied with two feeders with o ercurrent protection 
to be located at the point where the feeder conductor 
recei es their supply at the ser ice disconnecting means 
(o ercurrent de ices not shown in this photo)

ing the entire load associated with a one-family 
dwelling, or the feeder conductors supplying the 
entire load associated with an individual dwell-
ing unit in a two-family or multifamily dwell-
ing, are permitted to have an ampacity not less 
than 83 percent of the service or feeder rating. 
�e ampacity values for this service or feed-
er rating would be derived from the ampacity 
values from NEC Table 310.15(B)(16) or IRC 
Table E3705.1. �e grounded conductor is per-
mitted to be sized smaller than the ungrounded 
conductors, provided the grounded conductor is 
sized to be not less than the maximum unbal-
ance of the load and not smaller than the re-
quired minimum grounding electrode conduc-
tor size specified in NEC Table 250.102(C)(1) 
or IRC Table E3603.4. [See NEC 310.15(B)(7) 
or IRC E3603.1].

As indicated previously, a feeder that supplies a 
specific load in the dwelling unit, other than the 
entire load, is not permitted to utilize the 83 per-
cent ampacity ratings adjustment factor of NEC 
310.15(B)(7) or IRC E3603.1. One example is a 
feeder from the service equipment that supplies 
only utilization equipment such as several air 
conditioners or heat pumps. Feeders that leave 
the dwelling unit are not the main power feeder 

for the purpose of applying NEC 310.15(B)(7) or 
IRC E3603.1. Examples of this are a feeder run 
to a detached garage or a feeder run to a remote 
panelboard that supplies swimming pool equip-
ment. In these cases, the ampacity values of NEC 
Table 310.15(B)(16) or IRC Table E3705.1 must 
be used to size these feeder conductors since they 
do not supply the entire load of the dwelling unit.

Feeder ercurrent Protection
Feeder conductors are required to be protect-
ed against overcurrent, which includes overload, 
ground faults and short circuits. General referenc-
es to protecting conductors against overcurrent in 
accordance with their ampacities are specified in 
NEC 310.15 and 240.4 or IRC E3705.5.

After the load calculation is performed, gener-
ally the minimum size feeder conductor to carry 
this calculated load is chosen, and the appropri-
ate overcurrent device to protect the conductor 
is selected. Any applicable ampacity correction 
factors, such as temperature correction factors are 
then required to be used to adjust the final am-
pacity rating of the conductor. �is may result in 
the need to increase conductors in size. (Refer to 
Chapter 1 of this text for additional information 
on ampacity adjustment factor requirements; see 
also NEC 310.15(B)(2)(a) and 310.15(B)(3)(a) or 
IRC E3705.2 and E3705.3 for ampacity correc-
tion factors).

ocation of ercurrent 
Protection
Ungrounded feeder and branch-circuit conductors 
are normally required to be protected by overcur-
rent protective devices connected at the point the 
conductors receive their supply (NEC 240.21 or 
IRC E3705.5). 

�ere are installations and situations where an 
overcurrent protective device is not placed at the 
point where the conductor receives its supply. 
�ese installations require the connection of a 
smaller conductor to a larger one before an over-
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current device is installed to protect the conduc-
tors. �ese types of connections are referred to as 
tap conductors. Code requirements for feeder tap 
conductors are located in NEC 240.21(B). Tap 
conductors are defined in NEC 240.2 as “a con-
ductor, other than a service conductor, that has 
overcurrent protection ahead of its point of supply 
that exceeds the value permitted for similar con-
ductors that are protected as described elsewhere 
in NEC 240.4.” Feeder taps are permitted but not 
common in new one- and two-family dwellings. 
�ey are more common in existing dwellings. On 
occasion, a feeder tap is made from existing ser-
vice equipment in order to install a panelboard or 
feeder to a new load such as an air conditioner. If 
improperly installed, a tap is a potential fire haz-
ard, so a clear understanding of its limitations and 
conditions is important.

As a rule, taps do not have overcurrent protection 
within their ampacity on their line side or where 
they begin. Tap conductors are normally smaller 
than the feeder from which they are being tapped. 
Short-circuit protection for the tapped, usually 
smaller, conductors is provided by the overcurrent 
device on the line side of the tap. Overload pro-
tection is provided either by the calculated load on 
the feeder or by the load-side overcurrent device. 
For these discussions, we will consider only the 3 
m (10 ft) tap rule of NEC 240.21(B)(1) and the 7.5 
m (25 ft) tap rule of NEC 240.21(B)(2) as these 
have applications in one- and two-family dwellings 
and for connection of mobile homes. NEC 240.21 
indicates it is not permissible to tap a tap conductor. 
In other words, this means that it is not permitted 
to supply a tap conductor from a conductor that 
is itself a tap conductor. Tap conductors are not 
discussed in the IRC, so the NEC rules will take 
precedence by default (IRC E3401.2).

 m (10 ft) Tap ule
Where the length of the conductors is not greater 
than 3.0 m (10 ft), conductors are permitted to be 
tapped to a feeder without overcurrent protection 
at the tap if the following conditions are met: 

1. �e ampacity of the tap conductors is 
not less than the (a) combined calculated 
loads on the circuits supplied by the tap 
conductors, and (b) rating of the device 
supplied by the tap conductors or not less 
than the rating of the overcurrent-protec-
tive device at the termination of the tap 
conductors.

2. �e tap conductors do not extend beyond 
the panelboard, disconnecting means or 
control devices they supply.

3. Except where the tap conductors connect to 
the feeder, the tap conductors are enclosed 
in a raceway that must extend from the tap 
to the panelboard or control device.

4. For field installations where the tap con-
ductors leave the enclosure where the tap 
is made, the ampacity of the tap conductor 
must not be less than 10% of the rating of the 
overcurrent device on the line side of the tap.

As can be seen, the 3.0 m (10 ft) tap conduc-
tors are not necessarily required to terminate in an 
overcurrent device but may terminate at a main-
lug only (MLO) panelboard under certain more 
restrictive conditions [NEC 240.21(B)(1)]. Cor-
rect application of these rules may involve pro-
tecting the panelboard with a “main” overcurrent 
protective device. Chapter 3 of this book covers 
this subject in greater detail.

7.5 m (25 ft) Tap ule
�e requirements for installing a 7.5 m (25 ft) 
tap are similar in several ways to the 3.0 m (10 ft) 
tap rule discussed above. In some cases, the re-
quirements are more stringent as the conductors 
have a greater length without overcurrent pro-
tection within their ampacity. �e requirements 
are contained in NEC 240.21(B)(2). Conductors 
that are not longer than 7.5 m (25 ft) are permit-
ted to be tapped to a feeder without overcurrent 
protection at the tap where all the following con-
ditions are met:

1. The ampacity of the tap conductors is 
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not less than 1/3 of the rating of the 
overcurrent device protecting the feeder 
conductors.

2. �e tap conductors must terminate in a 
single circuit breaker or a single set of fuses 
that will limit the load to the ampacity of 
the tap conductors. Any number of devices 
can be supplied on the load side of this over-
current device.

3. �e tap conductors must be suitably pro-
tected from physical damage or be enclosed 
in a raceway.

An example of where the 7.5 m (25 ft) tap rule 
may be used properly is in the connection of mo-
bile homes. Mobile home parks often have feed-
ers with 200-ampere overcurrent protection. �e 
feeder will run to a disconnecting means located 
at each of the lots. Where a mobile home only re-

quires a 100-ampere feeder, conductors having an 
ampacity or permitted rating of 100 amperes can 
be supplied directly from the disconnecting means 
that is adjacent to the mobile home. �e feeder 
tap cannot be more than 7.5 m (25 ft) in length 
and must terminate in a 100-ampere overcurrent 
device in the mobile home panelboard. A similar 
procedure can be followed where the service adja-
cent to the mobile home is rated at 200 amperes.

Feeder quipment rounding 
Conductors
�e Code requires that where a feeder supplies 
branch circuits in which equipment grounding 
conductors are required, the feeder must include or 
provide a grounding means in accordance with the 
provisions of NEC 250.134 or IRC E3908.9, to 
which the equipment grounding conductors of the 

Figure 6. . Diagram showing the Code requirements for a 
.0 m (10 ft) tap to a feeder

Figure 6. . Diagram showing the Code requirements for a 
7.5 m (25 ft) tap to a feeder
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Photo 6. . Small feeder to panelboard is to be si ed based 
on the connected load of the branch circuits.

Figure 6.5. Feeders are generally required to include an 
equipment grounding conductor per 215.6

branch circuits will be connected (NEC 215.6 or 
IRC E3704.6). Non–current-carrying metal parts 
of equipment, raceways, and other enclosures are 
required to be grounded by any of the equipment 
grounding conductor types permitted by NEC 
250.118 or IRC E3908.8, or by an equipment 
grounding conductor contained within the same 

raceway, cable, or cord or otherwise run with the 
circuit conductors. An equipment bonding jumper 
not longer than 1.8 m (6 ft) is permitted to be 
installed outside of a raceway [NEC 250.102(E)
(2) or IRC E3908.20.2].

quipment rounding 
Conductor Types
�e types of equipment grounding conductors, 
used as part of a feeder circuit, run with or enclos-
ing the circuit conductors must be one or more or 
a combination of the following: 

1. a copper or other corrosion-resistant con-
ductor that is solid or stranded; insulated, 
covered, or bare; and in the form of a wire or 
a busbar of any shape;

2. rigid metal conduit; intermediate metal 
conduit; or electrical metallic tubing; 

3. flexible metal conduit or liquidtight flexible 
metal conduit where both the conduit and 
fittings are terminated in listed fittings; 

4. armor of Type AC cable; surface metal race-
way;

5. metal-clad cables where both the cable and 
the fittings are listed for grounding; or

6. other electrically continuous metal raceways 
listed for grounding.

Suitable equipment grounding conductors for 
feeders and branch circuits are provided in NEC 
250.118 or IRC E3908.8. Other equipment ground-
ing means provided in NEC 250.118 are typically 
not employed in dwelling units but are permitted.

Identification of quipment 
rounding Conductors

Bare, covered or insulated equipment grounding 
conductors are permitted. An individually cov-
ered or insulated equipment grounding conductor 
must have a continuous outer finish that is green, 
or green with one or more yellow stripes (NEC 
250.119 or IRC E3407.2). 
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An insulated or covered 4 AWG or larger cop-
per or aluminum conductor, at the time of instal-
lation, is permitted to be permanently re-identi-
fied as an equipment grounding conductor. �is 
identification must be present at each end and at 
the point where the conductor is accessible, such 
as at a junction box. �is identification must be 
accomplished by one of the following methods:

1. removing the insulation or covering from 
the entire exposed length, 

2. coloring the exposed insulation or covering 
green, or 

3. marking the exposed insulation or covering 
with green-colored tape or green-colored 
adhesive labels [NEC 250.119(A) or IRC 
E3407.2].

�e Code also permits equipment grounding 
conductors as part of a flexible cord assembly 
where supplying fixed equipment. �e equipment 
grounding conductor of the cord assembly is re-
quired to be insulated. �e insulated equipment 
grounding conductor must have a continuous out-
er finish of either green or green with one or more 
yellow stripes [NEC 250.119(C)].

quipment rounding 
Conductor Si es
Typically, raceways can serve as their own equip-
ment grounding conductor. However, some race-
way installations require a separate equipment 
grounding conductor to be run with the circuit 
conductors and used to ground equipment. Rigid 
nonmetallic conduit, liquidtight flexible nonmetal-
lic conduit, and flexible metal conduits where flex-
ibility is required after installation always require 
an equipment grounding conductor and in most 
cases, can serve as their own equipment ground-
ing conductor. Many of the cable assemblies used 
in wiring one- and two-family dwellings provide 
an equipment grounding conductor as part of the 
listed cable assembly. �e cable manufacturer de-
termines the size of the equipment grounding 

conductor based on the largest overcurrent device 
that would be required to protect the largest size 
ungrounded conductor contained within the cable 
assembly. Where raceways are installed, and equip-
ment grounding conductors are required, a suitable 
equipment grounding conductor must be provided. 
�is equipment grounding conductor is also sized 
based on the rating of the overcurrent device ahead 
of the circuit. NEC Table 250.122 and IRC Table 
3908.12 are the tables to be used for establishing 
the minimum size equipment grounding conductor 
for the branch circuit or feeder.

�e Code does not require that circuit conduc-
tors be sized to minimize voltage drop. However 
if the circuit conductors are increased in size for 
any reason, this change may impact the minimum 
size of the equipment grounding conductor as 
well. For example, if the size of the circuit conduc-
tors is doubled, the Code requires a proportional 
adjustment in size of the equipment grounding 
conductor. Voltage drop is not usually an issue in 
one- and two-family dwellings, but could be for 
a longer feeder circuit [NEC 250.122(B) or IRC 
E3908.12, NEC Chapter 9, Table 8].

Isolated rounded ( eutral) 
Conductor in Feeder Panel or 
Subpanel
In a feeder panelboard, equipment grounding 

Photo 6. . Feeder to sub-panelboard is required to include 
an equipment grounding conductor as shown in this photo
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conductors must not be connected to the ground-
ed (neutral) conductor bar or vise-versa [NEC 
250.24(A)(5) or IRC E3607.2 and E3908.6]. 
�is connection between equipment grounding 
conductors and the grounded (neutral) conduc-
tor terminal bar is required at the service discon-
necting means. �e Code recognizes a terminal 
bar or bus specifically identified for the purpose 
and located where the interconnection between 
equipment grounding conductors and grounded 
circuit conductors is permitted or required by 
NEC Article 250.

Grounding connections are generally not per-
mitted to be connected to any grounded (neutral) 
circuit conductor on the load side of the service 
disconnecting means. In other words, the Code 
does not permit the grounded (neutral) conduc-
tor to be reconnected to equipment enclosures or 
equipment grounding conductors unless otherwise 
specifically permitted under restrictive conditions 
[NEC 250.24(A)(5), 250.142(B) or IRC E3908.6, 
E3908.7]. To comply with this requirement, the 
neutral bar in a feeder panelboard is isolated elec-
trically from the cabinet. �is isolation is typically 
accomplished by the manufacturer by mounting 
the neutral bar on insulators so the bar does not 
contact the enclosure; this is often referred to as 
“floating the neutral.” Some feeder panelboards 
are also suitable for use as service equipment. �is 
type of panelboard will come with a removable 
screw, strap, or bar that is intended to bond the 
neutral conductor bar to the equipment enclosure 
when the panelboard is used as service equipment. 
�is neutral conductor bonding means should 
not be installed where the neutral conductor is 
required to be isolated past the first means of dis-
connect, such as at a feeder panelboard.

�e Code also requires that the neutral conduc-
tors installed past the service be insulated. One 
of the reasons for this requirement is so a neu-
tral-to-enclosure connection is not made uninten-
tionally in a feeder panelboard. At this point in the 
electrical installation (on the load-side, past the 
first means of disconnect), the neutral conductor 
is a current-carrying conductor.

Metal panelboard cabinets and metal panel-
board frames are required to be in physical contact 
with each other and to be properly grounded by 
connection to the equipment grounding conduc-
tor system. Each panelboard used as service equip-
ment is required to be provided with a properly 
sized main bonding jumper. �e main bonding 
jumper must be placed inside of the panelboard 
and be used for the connection of the neutral ser-
vice conductor (on its line side) to the frame of the 
panelboard.

Where the panelboard is used with a feeder 
installed in a nonmetallic raceway or cable as-
sembly, or where separate equipment grounding 
conductors are provided, an identified terminal 
bar for all of the equipment grounding conductors 
is required to be secured inside the panelboard so 
it will make contact with the inside of the metal 
cabinet (see photo 6.5; NEC 408.40).

�is terminal bar must be bonded to the metal 
cabinet and panelboard frame. It also will be con-
nected to the equipment grounding conductor that 
is run with the feeder conductors supplying the 
panelboard. Equipment grounding terminal bars 
are readily available from the panelboard manufac-
turer as an accessory and are usually secured to the 
enclosure with self-tapping screws. Recommended 
practice is to remove any insulating paint between 
the terminal bar and the enclosure. �is will help to 
ensure a good electrical connection and establish an 
effective fault-current path.

Types of Feeder Conductors
A wide variety of wiring methods for feeder 
conductors is permitted in dwelling units in the 
form of both cable and raceways. A feeder that 
is installed in a conduit or as a cable assembly 
is required to include a conductor having insu-
lation that is recognized by either NEC Table 
310.104(A) or IRC 3406.5. Typical feeder cable 
assemblies may include Types AC, NM, UF, or 
Type SER (service-entrance round). Type SER 
is a cable assembly that is commonly round in 
configuration and includes an insulated grounded 
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(neutral) conductor that is part of the as-
sembly with bare equipment grounding 
conductor and insulated phase conduc-
tors. Typical raceways include electrical 
nonmetallic tubing, electrical metallic 
tubing, rigid polyvinyl chloride conduit 
(PVC), intermediate metal conduit, or 
rigid metal conduit with enclosed feeder 
conductors.

Installation of aceways 
and Feeder Cable 
Assemblies
A raceway is defined as “an enclosed 
channel designed expressly for holding 
wires, cables, or busbars, with addition-
al functions as permitted in the Code.” A raceway 
may serve additional functions such as providing 
physical protection (NEC Article 100 and IRC 
Chapter 35). Some metal raceways are also rec-
ognized as an equipment grounding conductor 
(NEC 250.118 or IRC E3908.8).

Conduits and electrical tubing are made from 
steel, aluminum or from polyvinyl chloride (PVC). 
Conduits and tubing most commonly used in 
one- and two-family dwellings include rigid metal 
conduit (RMC), rigid polyvinyl chloride conduit 
(PVC), intermediate metal conduit (IMC), liquid-
tight flexible metal conduit (LFMC), liquidtight 
flexible nonmetallic conduit (LFNC), flexible 
metal conduit (FMC), electrical nonmetallic tub-
ing (ENT), and electrical metallic tubing (EMT).

Raceways are often used for service-entrance 
and feeder conductors in new dwellings. �e 
branch-circuit wiring may be run in raceways in 
existing dwellings; however, cable type wiring 
methods typically prevail in new construction. 
Our discussion will focus on the most common 
types of raceways installed for dwelling unit feed-
ers and their uses.

inimum Si e of aceways
�e minimum size of a raceway is determined by 

the extent to which the conductors fill the cross 
sectional area. �is is commonly called conduit fill 
and the rules apply to conduit, tubing and flexible 
raceways. Conduit fill is important for a couple of 
key reasons. Keeping the quantity of conductors 
in a raceway limited to the values permitted by the 
Code (1) limits heat by allowing heat to properly 
dissipate away from the enclosed conductors, and 

Figure 6.6. rounded (neutral) conductors are required to be isolated 
from enclosure and C terminal are at feeder panelboards.

Photo 6.5. Isolate the neutrals (white insulated) from 
the equipment grounding conductors (bare copper 
conductors) of feeder panelboards on the load side 
of the ser ice equipment.
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Photo 6.6. quipment grounding terminal bar installed in 
panelboard for attachment of all feeders and branch-circuit 
equipment grounding conductors

Photo 6.7(a) and (b). Typical Type S  cable installed to a 
feeder panelboard at rough-in stage

(2) minimizes potential damage to the conductors 
during the installation process. In most cases, indi-
vidual conduit or raceway articles do not give the 
method for determining the number of conduc-
tors permitted in raceways. In the NEC, “XXX.22” 
of the particular raceway article refers to Table 1 
of Chapter 9, which is used for determining the 
maximum number of conductors permitted in 
the conduit or tubing in conjunction with Table 
4 of Chapter 9. In the IRC, conduit or raceway 
fill is required to be in accordance with Table 
E3907.8 and the maximum number of conductors 
for the sizes given in Tables E3904.6(1) through 
E3904.6(10). �e IRC is silent on conditions 
where combinations of conductors of different 
sizes are installed in the same conduit or tubing. 
For these situations, NEC Table 5 of Chapter 9 is 
to be used by default to determine the minimum 
size required (see IRC E3401.2).

�e percentage of conductor fill changes is based 
on the number of conductors that will occupy the 
conduit or tubing. �e fill is permitted to be 53% 
for one conductor, 31% for two conductors and 
40% for more than two (NEC Table 1, Chapter 9).

Where all conductors are the same size, one can 
simply use the tables in NEC Informative Annex 
C or IRC Tables E3904.6(1) through E3904.6(10). 
�ese tables give the maximum number of conduc-
tors of a particular type and same size that are per-
mitted in a given raceway trade size. �e first step 
in using the tables is to pick a type of raceway. �e 
first page of NEC Informative Annex C lists the 
raceway types and the page number of the table for 
each raceway. �e second step is to pick an insula-
tion type. �en follow down the left column until 
the type of insulation on the conductor to be used 
in the installation is found. �e next column to the 
right gives the various sizes of conductors. Finally, 
move across the conduit or tubing size columns un-
til the size of raceway needed to accept the number 
of same size conductors to be installed is found.

Informati e Annex C xample
Find the minimum size EMT for a 100-ampere 

feeder using three 4 AWG THHN conductors. 

Step 1. EMT is the raceway; therefore, Table 
C.1 applies.

Step 2. THHN is the insulation type. Follow 
down the left column until the insulation type 
THHN is found. Stop at conductor size 4 AWG.
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covered in the IRC, so the provisions 
in NEC Informative Annex C are to be 
used by default. If compact aluminum 
conductors of the same size are to be in-
stalled, Table C.12(A) in NEC Informa-
tive Annex C gives the minimum size of 
conduit or tubing needed for the number 
and size of conductors to be installed.

Determining the minimum size race-
way for combinations of conductors of 
different sizes or different insulation 
types requires a calculation. �e start-
ing point is NEC Table 5, Chapter 9. 
Table 5 gives the area in square inches 
for insulated conductors. �e table lists 
diameters and areas for all conductor in-
sulation types and sizes. Table 5A gives 
similar information for compact alumi-
num building wire. Refer to NEC Table 
8 of Chapter 9 for the dimensions of 
bare conductors.

�e next step is to refer to the proper 
table in Table 4, Chapter 9. Table 4 gives 
the dimensions and cross-sectional area 
for various types of raceways. �e table 
for each raceway lists the trade sizes 
in the left column. �e columns to the 
right give total internal area as well as 
the maximum possible area that can be 
filled for one, two, and more than two 
conductors for each trade size.

In Tables 6.1 and 6.2, you will see a 
couple of examples on how to determine the min-
imum raceway size using a combination of con-
ductor sizes. For purposes of our calculations we 
will use the conductors permitted by NEC Table 
310.15(B)(16) or IRC Table E3705.1. In some 
examples, we will install an insulated equipment 
grounding conductor and others will have a bare 
equipment grounding conductor that is sized 
based on the rating of the overcurrent protective 
device. Where a metal conduit or tubing is per-
mitted to be used as the equipment grounding 
conductor, obviously, the equipment grounding 
conductor can be eliminated. In some cases, this 

Figure 6.7. Installation requirements for raceways

Figure 6. .  C Table 1  Chapter  for conduit and tubing 
conductor fill

Step 3. Follow across the columns until the 
smallest size EMT for 3 conductors is found. 
Metric designator 21 (¾ in.) is too small. Metric 
designator 27 (1 in.) will accept 4 conductors.

�ese tables provide maximum quantities of 
conductors for each type of the common raceways 
and electrical tubing. For example, there is a ta-
ble for electrical metallic tubing and another for 
electrical nonmetallic tubing. Compact stranded 
conductors are often installed in today’s wiring 
systems. Compact stranded conductors are not 
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will permit a smaller size conduit to be selected. 
Refer to Tables 6.1 and 6.2 for several examples of 
conduit fill calculations.

Similar procedures can be followed to deter-
mine the minimum size of conduit or tubing re-
quired for any size of conductors. As can be seen, 
a smaller raceway can sometimes be used where 
more compact conductor insulation and a bare 
equipment grounding conductor is selected.

Conduit and Tubing iring 
ethods

Conduit and tubing systems consisting of rigid 
and intermediate metal conduits, rigid polyvinyl 
chloride conduit (PVC), electrical metallic tubing 
(EMT), flexible metal conduit, liquidtight flexible 
metal conduit, and liquidtight flexible nonmetal-
lic conduit cannot have more than the equivalent 
of four quarter bends (360 degrees total) between 
pull points, e.g., conduit bodies and boxes [see 
XXX.26 of the various NEC raceway and tubing 
articles e.g., 344.26 for rigid metal conduit]. �e 
radius of the curve to the centerline of the bend 
shall be not less than shown in Table 2, Chapter 
9, using the column “Other Bends” [see XXX.24 
of the various NEC raceway and tubing articles[. 
Angle connectors cannot be installed where they 
will be concealed [see XXX.42 of the various NEC 
raceway and tubing articles[. In the following text, 
we will take a closer look at these different types 
of conduit or tubing wiring methods.

igid and Intermediate etal 
Conduit Systems
NEC Articles 342 and 344 cover IMC and RMC 
respectively. Rigid and intermediate metal con-
duits are metal raceways of circular cross sections 
with integral or associated couplings, connectors, 
and fittings approved for the installation of elec-
trical conductors. �ese conduits are permitted to 
be used as a wiring method for feeders or services. 
Rigid and intermediate metal conduits are per-
mitted to be used under all atmospheric condi-

tions and occupancies unless specifically restricted. 
Avoid dissimilar metals in contact with each other. 
�is will help to avoid galvanic action. Rigid and 
intermediate metal conduits are permitted to be 
used as equipment grounding conductors. Alumi-
num fittings and enclosures are permitted to be 
used with galvanized steel rigid metal and inter-
mediate metal conduit.

Galvanized steel, stainless steel, and red brass 
type RMC and IMC elbows, couplings and fittings 
are permitted to be installed in concrete, in direct 
contact with the earth, or in areas subject to severe 
corrosive influences where protected by corrosion 
protection and judged suitable for the condition 
[NEC 300.6 or IRC Table E3801.4 (footnote f )]. 

Galvanized steel, stainless steel, and red brass 
type RMC and IMC are permitted to be in-
stalled in or under cinder fill where subjected 
to permanent moisture. Such conduits must be 
protected on all sides by a layer of non-cinder 
concrete not less than 50 mm (2 in.) thick; or 
where the conduit is not less than 450 mm (18 
in.) under the fill; or where protected by cor-
rosion protection and judged suitable for the 
condition. 

Where installed in wet locations, all supports, 
bolts, straps, screws, and so forth, are required to 
be of corrosion-resistant materials or protected 
against corrosion by corrosion-resistant materials.

�e number of conductors in a single rigid or 
intermediate metal conduit must not exceed that 
permitted by the appropriate table in either NEC 
Informative Annex C or IRC Tables E3904.6(1) 
through E3904.6(10). For combinations of con-
ductors, the percentage fill is specified in NEC 
Table 1, Chapter 9, using the conduit dimensions 
of NEC Table 4, Chapter 9. Refer to the previous 
discussion in this chapter for a description of the 
process and sample calculations.

All cut ends of rigid or intermediate metal con-
duits are required to be reamed or otherwise finished 
with proper tools to remove any rough edges. Where 
rigid or intermediate metal conduit is threaded in the 
field, a standard cutting die with a taper of 1 in 16 
(¾-inch taper per foot) is required to be used.
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�readless couplings and connectors used with 
rigid or intermediate metal conduit are required 
to be made tight. Where they are used on conduits 
with threads, they are required to be listed for the 
purpose. Where buried in masonry or concrete, they 
are required to be the concrete-tight type. Where 
installed in wet locations, they must be the rain-
tight type. Running threads are not permitted to 

be used on rigid or intermediate metal conduit for 
connection at couplings. �readed couplings have 
a straight thread, not a tapered thread as would 
plumbing couplings. �e combination of straight 
couplings and tapered threads on the conduit pro-
duces a connection that will be tight and yet allow 

Table 6.1. inimum raceway si es using a combination of 
conductor si es for a 100 ampere feeder

Table 6.2.  inimum raceway si es using a combination of 
conductor si es for a 200 ampere feeder
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the ends of the conduit to meet in the center of 
the coupling. �is meeting of the conduit ends that 
are reamed to remove sharp edges protects the con-
tained conductors. If running threads are connect-
ed in couplings, there is no taper on the conduit or 
coupling which can result in a loose connection.

Bends of rigid or intermediate metal conduit 
must be made so the conduit will not be damaged 
and the internal diameter of the conduit will not 
be effectively reduced. �e radius of the curve of 
the center line of the conduit is not permitted to 
be less than indicated in NEC Table 2, Chapter 9 
for bends made in the field.

Rigid or intermediate metal conduit 
is required to be installed as a complete 
system and to be securely fastened in 
place. Rigid or intermediate metal con-
duit is required to be firmly fastened 
within 900 mm (3 ft) of each outlet box, 
junction box, cabinet, or fitting. Rigid or 
intermediate metal conduit is required 
to be supported at least every 3 m (10 
ft) (NEC 342.30, 344.30 or IRC Table 
E3802.1). Splices and taps must be made 
only in junction boxes, outlet boxes or 
conduit bodies. Where a conduit enters a 
box, fitting, or other enclosure, a bushing 
is required to provide protection for wires 
from abrasion. A bushing is not required 
where the design of the box, fitting, or 
enclosure provides equivalent protection. 

[See NEC 300.4(G) or IRC E3906.1.1 
for the protection of conductors 4 AWG 
and larger at termination points when 
installed in conduit or tubing]. See NEC 
Article 342 (IMC) and NEC Article 344 
(RMC) for references to the require-
ments previously discussed.

igid Poly inyl Chloride 
Conduit (P C)
NEC Article 352 covers rigid polyvinyl 
chloride conduit (PVC). PVC is used 
frequently in all types of electrical con-

struction. It is inherently resistant to corrosion 
and can provide substantial protection from phys-
ical damage where Schedule 80 is specified. PVC 
conduit and fittings are manufactured of suitable 
nonmetallic material (PVC) that is resistant to 
moisture and chemical atmospheres. For use abo-
veground, it is required to be flame-retardant, re-
sistant to distortion from heat under conditions 
likely to be encountered in service, and resistant to 
low temperature and sunlight effects. For use un-
derground, the material is required to be accept-
ably resistant to moisture and corrosive agents and 
must be of sufficient strength to withstand abuse, 

Figure 6. . eneral installation rules for raceways

Figure 6.10. ends are to be made with suitable tools and are not to 
reduce the internal diameter of the raceway.
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such as by impact and crushing, in handling and 
during installation.

Where intended for direct burial without en-
casement in concrete, the material is also required 
to be capable of withstanding continued loading 
that is likely to be encountered after installation.

Use of Type PVC and fittings is permitted where 
concealed in walls, floors, and ceilings, and for un-
derground installations. PVC is also permitted in 
locations subject to severe corrosive influences and 
when subject to chemicals for which the materi-
als are specifically approved. It is permitted in wet 
locations when the entire conduit system, includ-
ing boxes and fittings, is installed and equipped 
to prevent water from entering the conduit. All 
supports, bolts, straps, screws, etc., must be of cor-
rosion-resistant materials or be protected against 
corrosion by approved corrosion-resistant materi-
als. PVC is permitted in cinder fill.

Type PVC is also permitted in dry and damp lo-
cations where not prohibited by the Code. For ex-
posed work, PVC cannot be installed where sub-
ject to physical damage unless it is identified for 
such use. Schedule 80 PVC is resistant to impact 
and crushing. It can be used in locations judged to 
be exposed to potential damage.

Handling of Type PVC in areas where the tem-
perature is extremely cold may render it brittle and 
lead to damage from any physical contact.

Type PVC is not permitted to be used for the 
support of luminaires or other equipment. It can-
not be used in a location where the ambient tem-
perature is expected to exceed those for which the 
conduit is listed. PVC cannot be used in conjunc-
tion with conductors whose insulation tempera-
ture limitations would exceed those for which the 
conduit is listed.

Installations of Type PVC are required to com-
ply with the applicable provisions of NEC Article 
300 or IRC Tables E3802.1 and E3803.1. A sep-
arate equipment grounding conductor is required 
to be installed in Type PVC where grounding is 
required.

All cut ends of PVC conduit must be trimmed 
inside and outside to remove rough edges. All 

joints between lengths of PVC conduit and be-
tween conduit and couplings, fittings, and boxes 
must be made by an approved method.

Type PVC is required to be secured and sup-
ported as required by NEC Table 352.30. In addi-
tion, PVC conduit must be securely fastened with-
in 900 mm (3 ft) of each outlet box, junction box, 
device box, conduit body, or other conduit termi-
nation [NEC 352.30(A) or IRC Table E3802.1].

Expansion fittings for PVC conduit are required 
to be provided to compensate for thermal expan-
sion and contraction in a straight run between 
securely mounted equipment such as boxes, cab-
inets, elbows, or other conduit terminations. �is 
rule applies where the calculated expansion will 
exceed 6 mm (¼ in.). NEC Tables 352.44 give the 
expansion characteristics of PVC conduit for var-
ious temperature changes. Note the table is for all 
sizes of conduit. As a rule of thumb, add 30°F to 
the expected temperature change for direct sun-
light exposure. �is is a result of the gray conduit 
having a tendency to absorb the ultraviolet (UV) 
rays of the sun. PVC conduit smaller than metric 
designator 16 (½ in. electrical trade size) is not 
permitted to be used. �e number of conductors 
permitted in a single PVC conduit is not permit-
ted to exceed the percentage fill specified in NEC 
Table 1, Chapter 9.

Where a PVC conduit enters a box or other 
fitting, a bushing or adapter must be provided to 
protect the wire from abrasion unless the design of 
the box or fitting is such as to provide equivalent 
protection. Listed nonmetallic fittings meet this 
requirement without the use of additional insu-
lating bushing. Fittings are tested to ensure their 
edges will not damage conductors as a conductor 
is pulled through the fitting.

Bends of PVC conduit must be made so the con-
duit will not be damaged and the internal diameter 
of the conduit will not be effectively reduced. Field 
bends are required to be made only with bending 
equipment identified for the purpose. �e radius 
of the curve to the centerline of bends must not be 
less than shown in NEC Table 2, Chapter 9. Since 
the IRC does not have radius information, NEC 
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rules are applied by default in accordance 
with IRC E3401.2. �ese PVC benders 
are sometimes referred to as “hot boxes” 
due to the heat generated internally. �e 
conduit is placed in the heater enclosure 
to heat it to the bending point. A wet 
rag is used to cool the conduit when the 
desired bend is obtained. Other bender 
types are available for this purpose in-
cluding blanket types and triethylene 
glycol types. 

Boxes and fittings used with PVC 
conduit shall comply with the applica-
ble provisions of NEC Article 314 or IRC E3905. 
Splices and taps are required to be made only in 
junction boxes, outlet boxes or conduit bodies.

lectrical etallic Tubing ( T)
NEC Article 358 covers electrical metallic tubing 
(EMT). EMT is an unthreaded, thin-wall raceway 
of circular cross section designed for the physical 
protection and routing of conductors and cables 
and for use as an equipment grounding conductor 
when installed utilizing appropriate fittings. EMT 
is generally made of steel (ferrous) with protective 
coatings or aluminum (nonferrous). EMT is per-
mitted to be installed for exposed and concealed 
work. It is not permitted to be used where, during 
installation or afterward, it will be subjected to se-
vere physical damage. EMT is permitted to be in-
stalled in concrete, in direct contact with the earth 
or in areas subject to severe corrosive influences 
where galvanized steel and stainless steel EMT, 
elbows, and fittings are protected by corrosion 
protection and approved as suitable for the condi-
tion. Aluminum EMT must be provided with ap-
proved supplementary corrosion protection where 
encased in concrete or in direct contact with the 
earth. Galvanized steel and stainless steel EMT 
can be installed in cinder concrete or cinder fill 
where subject to permanent moisture when pro-
tected on all sides by a layer of noncinder concrete 
at least 50 mm (2 in.) thick or when the tubing 
is installed at least 450 mm (18 in.) under the fill 

[see NEC 358.10(B)].
Avoid dissimilar metals in contact with EMT 

conduit to eliminate the possibility of galvanic ac-
tion. Aluminum fittings and enclosures are permit-
ted to be used with galvanized steel electrical me-
tallic tubing. Ferrous or nonferrous EMT elbows, 
couplings, and fittings are permitted to be installed 
in concrete, in direct contact with the earth, or in 
areas subject to severe corrosive influences where 
protected against corrosion and judged suitable for 
the condition [NEC 300.6 or IRC Table E3801.4 
(footnote f )]. Where installed in wet locations, all 
electrical metallic tubing supports, bolts, straps, 
screws, connectors and couplings, etc., must be 
of corrosion-resistant materials or be protected 
against corrosion by corrosion-resistant materials 
and listed for the environment.

�e number of conductors in a single run of 
electrical metallic tubing must not exceed that 
permitted by the appropriate table in either NEC 
Informative Annex C or IRC Tables E3904.6(1) 
through E3904.6(10). For combinations of con-
ductors, the percentage fill is specified in NEC 
Table 1, Chapter 9, using the conduit dimensions 
of NEC Table 4, Chapter 9 (see the previous dis-
cussion in this chapter). 

Electrical metallic tubing is not permitted to 
be threaded. Where integral couplings are uti-
lized, such couplings are permitted to be factory 
threaded. Couplings and connectors used with 
EMT must be made up tight and are required to 
be identified for the application. Where buried 

Photo 6. . P C conduit installed without expansion fitting can cause 
damage to the conduit system due to thermal expansion
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in masonry or concrete, they must be of the con-
crete-tight type; and when installed in wet loca-
tions, they must be of the raintight type.

Bends in the electrical metallic tubing must be 
made so the tubing will not be damaged and the 
internal diameter of the tubing will not be effec-
tively reduced. �e radius of the curve to the cen-
terline of the tubing must not be less than shown 
in NEC Table 2, Chapter 9 for bends made in 
the field. All cut ends of electrical metallic tubing 
must be reamed or otherwise finished to remove 
rough edges.

Electrical metallic tubing is required to be in-
stalled as a complete system and must be securely 
fastened in place at least every 3.0 m (10 ft) and 
within 900 mm (3 ft) of each outlet box, junction 
box, cabinet, or fitting. Splices and taps must be 
made only in junction boxes, outlet boxes or con-
duit bodies.

Flexible etal Conduit (F C)
NEC Article 348 covers flexible metal conduit 
(FMC). Flexible metal conduit is not permitted 
to be used in wet locations. Flexible metal conduit 
cannot be installed underground or be embedded 
in poured concrete or aggregate. Flexible metal 
conduit in the metric designator 12 (⅜ in.) nom-
inal trade size is only permitted for use in lengths 
not longer than 1.8 m (6 ft) where it is a part of a 
listed assembly. It is permitted to be used for lu-

minaire tap conductor connections to luminaires 
[NEC 410.117(C); NEC 348.20(A)(2)].

Securing of flexible metal conduit is required by 
an approved means. �is must be accomplished at 
intervals not exceeding 1.4 m (4½ ft) in a run, and 
not less than 300 mm (12 in.) on each side of every 
outlet box, junction box, cabinet or fitting. Cable 
ties are permitted to secure FMC, but where used, 
the cable ties must be listed and be identified for 
securement and support. Flexible metal conduit is 
not required to be secured where it is fished be-
tween access points through concealed spaces in 
finished buildings or structures and supporting 
the flexible metal raceway is impractical, such as 
in finished gypsum-sheathed walls. Securing is 
not required where flexible metal conduit, metric 
designators 16 through 35 (trade sizes ½ through 
1¼), is used in lengths not exceeding 900 mm (3 
ft) at terminals where flexibility is necessary after 
installation and where an equipment grounding 
conductor is installed. For example, an equipment 
grounding conductor should be used where flex-
ible metal conduit is used to connect to a motor. 
�e term flexibility is not defined in the Code. 
�e authority having jurisdiction may require an 
equipment grounding conductor any time flexible 
metal conduit is not supported in accordance with 
NEC 348.30. Securing is not required for lengths 
not exceeding 1.8 m (6 ft) from a luminaire termi-
nal connection for luminaire tap conductor con-
nections to flush- and recessed-type luminaires. 
�e minimum length of flexible metal conduit 
used for tap connections to luminaires is 450 mm 
(18 in.). Securing is not required for lengths not 
exceeding 1.8 m (6 ft) from the last point where 
the raceway is securely fastened for connections 
within an accessible ceiling to luminaires or other 
equipment.

Flexible metal conduit is permitted for equip-
ment grounding only if it is listed, the length in 
any ground-fault return path does not exceed 1.8 
m (6 ft), the circuit conductors contained therein 
are protected by overcurrent devices rated at 20 am-
peres or less, and the conduit is terminated in listed 
fittings [NEC 250.118(5) or IRC E3908.8.1].

Photo 6. . ends in electrical metallic tubing ( T) at a 
dwelling unit
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It is permitted to use flexible metal 
conduit of any length where a properly 
sized equipment grounding conductor 
is installed with the circuit conductors 
for grounding equipment.  Where an 
equipment bonding jumper is routed on 
the outside of flexible metal conduit, it 
is not to exceed 1.8 m (6 ft) in length. 
An equipment grounding conductor is 
required where flexible metal conduit is 
used to connect equipment where flex-
ibility is required after installation. �e 
radius of the curve to the centerline of 
bends shall be not less than shown in 
NEC Table 2, Chapter 9, using the col-
umn “Other Bends.” Angle type connec-
tors are not permitted to be used for concealed 
raceway installations. Fittings specifically listed 
for use with flexible metal conduit must be used.

iquidtight Flexible etal Conduit 
( F C)
NEC Article 350 covers liquidtight flexible metal 
conduit (LFMC). Liquidtight flexible metal con-
duit is a circular raceway that has an outer nonme-
tallic jacket that is liquidtight and sunlight resis-
tant. �is nonmetallic jacket is used over an inner 
flexible metal core. �is wiring method is used 
with associated couplings, connectors and fittings. 
Liquidtight flexible metal conduit is required to 
be marked with materials of sufficient durability. 
�is marking must include the name of the man-
ufacturer and a trademark.

LFMC can be direct-buried where listed and 
marked for the purpose. Straight LFMC fittings 
are also permitted for direct burial where marked 
for same. LFMC cannot be installed where it will 
be subject to physical damage or where any com-
bination of ambient and conductor temperature 
will produce an operating temperature in excess of 
that for which the material is approved.

�e minimum size LFMC permitted for use is 
generally not smaller than metric designator 16 
(½ in. trade size). LFMC in the metric designa-

tor 12 (⅜ in.) size is available for specific use. It 
is permitted for uses similar to the limitations of 
use in this size for metric designator 12 (⅜ in.) 
flexible metal conduit. Only fittings listed for use 
with LFMC are permitted to be used at the termi-
nations of liquidtight flexible metal conduit.

Where LFMC is installed as a permanent race-
way, it must be secured and supported. �is sup-
porting must be at intervals not over 1.4 m (4½ ft) 
and secured not further than 300 mm (12 in.) on 
each side of outlet box, junction box, cabinet or fit-
ting. Where this wiring method is fished between 
access points through concealed spaces in finished 
buildings or structures and supporting is impracti-
cal, securing is not required. Cable ties are permit-
ted to secure LFMC, but where used, the cable ties 
must be listed and be identified for securement and 
support. Securing is not required where it is used in 
lengths not exceeding 900 mm (3 ft) at terminals 
where flexibility is necessary after installation. Se-
curing is not required for lengths not exceeding 1.8 
m (6 ft) from the last point where the raceway is se-
curely fastened for connections within an accessible 
ceiling to luminaires or other equipment. 

Listed LFMC is permitted to serve as an equip-
ment grounding means where the total length of 
any ground-fault return path is 1.8 m (6 ft) or less 
and the conduit is terminated in listed fittings. 
Where the LFMC is being used as an equipment 

Figure 6.11. Installation rules for exible metal conduit
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grounding conductor, overcurrent devices are limit-
ed to 20 amperes or less for metric designators 12 
and 16 (⅜ in. and ½ in. trade sizes) and 60 am-
peres or less for metric designators 21 through 35 
(¾ in. through 1¼ in. trade sizes) and protect the 
circuit conductors contained therein. LFMC larger 
than metric designator 35 (1¼ in. trade size) is not 
permitted to be used as an equipment grounding 
conductor [NEC 250.118(6) or IRC E3908.8.2]. It 
is permitted to use LFMC of any length where a 
properly sized equipment grounding conductor is 
installed with the circuit conductors for grounding 
equipment. An equipment grounding conductor 
shall always be used where flexibility is neces-
sary after installation. For example, an equipment 
grounding conductor should be used where LFMC 
is used to connect to a motor.

Where an equipment bonding jumper is routed 
on the outside of a length of LFMC, it is not to ex-
ceed 1.8 m (6 ft) in length. Longer bonding jumpers 
must be inside the conduit. �e term flexibility is 
not defined in the Code. �e authority having juris-
diction may require an equipment grounding con-
ductor any time liquidtight flexible metal conduit 
is not supported in accordance with NEC 350.30. 
LFMC is recognized as an equipment grounding 
means in sizes up to metric designator 35 (1¼ trade 
size). �is recognition covers only a total length in 
any ground return path that is not over 1.8 m (6 

ft) where the conduit is terminated in fit-
tings listed for grounding and the circuit 
conductors contained within it are pro-
tected by overcurrent devices rated at not 
over 20 amperes for the metric designator 
12 (⅜ in.) and 16 (½ in.) trade sizes. Con-
tained conductors are permitted to have 
overcurrent protection up to 60 amperes 
for metric designator 21 (¾ in.) through 
35 (1¼ in.) trade sizes.

�e radius of the curve to the cen-
terline of bends shall be not less than 
shown in NEC Table 2, Chapter 9, using 
the column “Other Bends.” Angle con-
nectors cannot be installed where they 
will be concealed.

iquidtight Flexible onmetallic 
Conduit ( F C)
NEC Article 356 covers Liquidtight flexible non-
metallic conduit (LFNC). LFNC is a circular 
raceway and is available in three types. �e con-
duit is made with a smooth seamless inner core 
and cover which are bonded together with one or 
more reinforcement layers between the core and 
cover. It is available with a smooth inner surface 
that is provided with integral reinforcement with-
in the wall of the conduit. �is type is marked 
“LFNC-A.” �e product marking can be found 
on the outer surface of the raceway. It is also avail-
able with corrugated internal and external surfaces 
having no integral reinforcement within the wall 
of the conduit. �is type is marked “LFNC-B.” 
�e product marking can be found on the outer 
surface of the raceway.

�is wiring method is recognized as flame-re-
sistant and with proper fittings is approved for the 
installation of electrical conductors. �is type is 
marked “LFNC-C.”  �e product marking can be 
found on the outer surface of the raceway.

LFNC can be used in exposed or concealed lo-
cations where flexibility is required after installa-
tion, operation, or maintenance of equipment. It 
can be used where necessary to provide protection 

Figure 6.12. Installation rules for liquidtight exible metal conduit
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for the enclosed conductors from vapors, liquids or 
solids. It can be used for outdoor locations where 
it is specifically listed and marked as being suitable 
for the purpose. It is also permitted to be used for 
direct burial or concrete encasement where listed 
and marked for the purpose and installed in com-
pliance with NEC 356.42.

Where installed in lengths exceeding 1.8 m (6 
ft), LFNC is required to be securely fastened at 
intervals not exceeding 900 mm (3 ft) and within 
300 mm (12 in.) on each side of every outlet box, 
junction box, cabinet, or fitting. Cable ties are per-

mitted to secure LFNC, but where used, 
the cable ties must be listed and be iden-
tified for securement and support.

Handling of LFNC in areas where the 
temperature is extremely cold may render 
it brittle and lead to damage from any 
physical contact. It is not permitted to 
be used where it will be subject to phys-
ical damage, or where any combination 
of ambient and conductor temperatures 
is in excess of that for which the LFNC 
is identified. Type LFNC-B liquidtight 
flexible nonmetallic conduit is permitted 
in lengths longer than 1.8 m (6 ft). LFNC 
is required to be used only with terminal 
fittings listed for use with LFNC.

Where an equipment grounding conductor is 
required for the circuits installed in liquidtight 
flexible nonmetallic conduit, it is generally re-
quired to be installed on the inside of the conduit. 

Installation of Feeder sing 
Cables
Service-entrance cable is often used for feeders at 
dwelling units. As with raceways, the Code spec-
ifies securing and supporting intervals, bending 
radii, and restrictions on permitted uses. �ese 
rules may vary somewhat based upon the type of 
service-entrance cable selected. A feeder installed 
using Type SE cable requires a thorough knowl-
edge of NEC Article 338, which covers Types SE, 
SER, and USE service-entrance cable. �is arti-
cle provides descriptive information essential for 
proper application of this type of wiring within its 
limitations of use.

Service-entrance cable is available as a single 
conductor or multi-conductor assembly manu-
factured with or without an overall covering. It is 
primarily used for services, but often it is used as 
a feeder where the neutral conductor is insulated. 
Type SE cable is available in the following types:

1. Type SE cable is constructed with two insu-
lated conductors and a bare conductor that 

Figure 6.1 . Typical ser ice-entrance cable (Types S  and S )

Photo 6.10. iquidtight exible nonmetallic conduit ( F C) 
can be used in ser ice  feeder  or branch circuit application 
at dwelling units



Chapter  6 — Requirements for Feeders   187

is concentrically wound around 
the other two conductors. �e 
overall covering is a flame-retar-
dant, moisture-resistant jacket.

2. Type SER cable is constructed 
with three insulated conductors 
and a bare conductor. �e over-
all covering is a flame-retardant, 
moisture-resistant jacket.

3. Type USE cable is identified for 
underground use. �e cable has a 
moisture-resistant covering, but is 
not required to have a flame-retar-
dant covering.

Service-entrance cable is required to 
be marked to indicate a maximum rated 
voltage; proper type letters; manufactur-
er’s name, trademark, or other marking 
that will include the organization re-
sponsible for the product. Type SE cable 
with the neutral conductor smaller than 
the ungrounded conductors will also be 
specifically marked.

Type USE conductors are usually 
limited to installation underground. 
�is is due to the Type USE insulation 
not being of flame-retardant construc-
tion. �e Code permits Type USE cable 
to rise aboveground as long as it is out-
side of the building. Type USE cable is 
permitted to be used for outside branch 
circuits and feeders, but is generally not 
permitted to be used inside buildings. 
Where Type USE cable emerges from 
the ground, it must be protected from physical 
damage. Rigid raceways such as IMC, RMC, or 
Schedule 80 PVC are suitable methods for pro-
tecting the USE cable.

Type USE cable is not permitted to be used 
inside buildings unless the insulation is marked 
with the appropriate additional markings. Type 
USE cable is available with additional insula-
tion designations, which include Type RHH 
and RHW. Some designations may include a 

suffix “-2” to indicate the cable is suitable for 
90°C both wet and dry. �ese triple-rated cables 
are permitted to be used at any location the in-
dividual designation permits. For example, Type 
RHH is a rubber-insulated wire that has insu-
lation rated at 90°C and is permitted to be used 
aboveground, in or on buildings or structures, 
in a raceway, in a dry location. Type RHW is 
a rubber-insulated wire that has a 75°C rating 
and is suitable for installation aboveground, in 

Figure 6.1 . Installation of underground ser ice-entrance conductor 
( S )

Figure 6.15. Type S  and S  used for interior wiring must comply 
with the installation requirements for nonmetallic-sheathed cable 
(excluding the ampacity ratings of . 0).
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or on buildings or structures, in a wet location, 
in a raceway. �ey are permitted to be used un-
derground due to their USE designation. �ese 
triple-rated cables offer a great deal of flexibility 
as to locations where they are permitted to be 
installed.

rounded ( eutral) Conductor
A Type SE service-entrance cable is permitted to 
be used for branch circuits or feeders in interior 
wiring systems where all the circuit conductors 
of the cable are insulated and of the thermoset or 
thermoplastic type. 

A Type SE service-entrance cable assembly 
without individual insulation on the neutral circuit 
conductor is generally not permitted to be used for 
a feeder within a building. However, a Type SE 
cable that has a final nonmetallic outer covering 
and is supplied by alternating current at not over 
150 volts-to-ground can be used as a feeder to 
supply only other buildings on the same premises 
where the uninsulated grounded conductor of the 
cable originates in service equipment. Type SE 
service-entrance cable is permitted for use where 
the fully insulated conductors are used for circuit 
wiring and the uninsulated conductor is used for 
equipment grounding purposes only. A branch 
circuit supplying a 240-volt water heater is a typi-
cal example of this use.

Temperature imitations
Where a Type SE service-entrance cable is used 
to supply appliances, it must not be subjected to 
conductor temperatures in excess of the tempera-
ture specified for the type of insulation involved. 
Where Type SE service-entrance cable is used for 
interior wiring, it must be installed in the same 
manner as nonmetallic-sheathed cable in NEC 
Article 334, Part II (excluding 334.80) [NEC 
338.10(B)(4)(a)]. SE cable is permitted by the 
IRC as a wiring method for feeders and branch 
circuits in accordance with IRC Table E3801.4 
(footnotes b and c).

Type SER cable includes an insulated ground-
ed (neutral) conductor as well as an equipment 
grounding conductor, and is suitable for use as 
feeders where properly sized and installed in ac-
cordance with the requirements for interior non-
metallic cable wiring methods.

Requirements covering wiring methods such as 
support provisions and acceptable locations must 
be applied here as well. For example, the concerns 
for protection against physical damage for feed-
er cables passing through bored holes in joists, 
rafters, or wood members; laid-in notches cut in 
studs; or installed where run parallel to joists, raf-
ters or studs are most important here.

Protection from Physical 
Damage
To provide for proper protection for a feeder cable 
and prevent it from being damaged, the installer 
and inspection authority must be aware of the type 
of construction. For example, a building of wood 
frame construction will consist of framing members 
such as furring strips, strapping, studs, joists, rafters, 
and trusses. �e building code will regulate how 
and where these framing members can be altered 
in order to install the cable. �e NEC and Chapter 
Eight of the IRC has specific requirements to per-
mit the cable to be installed in, on, and through the 
framing members as long as physical protection for 
the cable is provided. For example, NEC 300.4(A) 
or IRC Table E3802.1 covers protection against 
physical damage for cables and raceways required 
where they are run through bored holes in wooden 
framing members. Cable or raceway wiring meth-
ods installed through bored holes, in both exposed 
and concealed locations in joists, rafters or wood 
members, are required to have all holes bored so the 
edge of the hole is not less than 32 mm (1¼ in.) 
from the nearest edge of the wood framing mem-
ber.

If this distance cannot be maintained, the cable 
or raceway must be protected from penetration 
by nails or screws by a steel plate (nail plate) or 
suitable bushing at least 1.6 mm (1/16 in.) thick 
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and of appropriate length and width to 
cover the complete area of the wiring sys-
tem to be protected. Steel plates that are 
thinner than 1.6 mm (1/16 in.), such as 
heat-treated metals, are permitted to pro-
tect cables and raceways, but only if the 
plates are specifically listed and marked 
appropriately [NEC 300.4(A) or IRC 
Table E3802.1].

Raceways of intermediate metal con-
duit, rigid metal conduit, rigid nonmetallic 
conduit and electrical metallic tubing are 
not required to conform to this physical 
protection rule for cable assemblies. Oth-
er raceways such as electrical nonmetallic 
tubing and flexible metal conduit must 
have the same protection from damage as 
that required for cable type wiring methods 
such as Type NM cable.

otches in ood
Where there is no objection because of 
weakening the building structure (check 
local building codes), in both exposed 
and concealed locations, cables or race-
ways are permitted to be laid-in notch-
es in wood studs, joists, rafters, or other 
wood members. �e cable or raceway at 
those notched points must be protected 
against penetration by nails or screws by 
a steel plate at least 1.6 mm (1/16 in.) 
thick installed before the building finish 
is applied. �inner steel plates are again 
permitted here if listed and marked appropri-
ately. See Chapter 11 in this publication for ad-
ditional information concerning application of 
the building and electrical code requirements as 
they apply to bored holes or notches in wooden 
members. �e NEC references building structure 
protection from drilling and notching at NEC 
300.4(A) through (H) as does the IRC at IRC 
E3402.1. �e specific sections in the IRC relat-
ing to requirements for notching framing mem-
bers are as follows:

Steel Joists   R505.3.5
Steel Studs   R603.3.4
Wood Joists   R502.8
Wood Studs   R602.6
Wood Top Plates  R602.6.1

�is requirement to protect raceways and cables 
does not apply to intermediate metal conduit, rig-
id metal conduit, rigid nonmetallic conduit and 
electrical metallic tubing.

Photo 6.11. etal framing members with cable wiring methods installed

Figure 6.16. Protection of Type S  cables installed through metal 
framing members
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Cables and lectrical onmetallic 
Tubing Through etal Framing 

embers
Where nonmetallic-sheathed feeder cables are 
run exposed or are installed where concealed and 
pass through either factory- or field-punched, cut, 
or drilled slots or holes in metal framing members, 
the cable assembly must be protected by bushings 
or grommets securely fastened in the opening be-
fore the cable is installed. �e bushing or grommet 
is required to cover all metal edges and it shall be 
listed. Manufacturers have developed a variety of 
products that meet this requirement. �e use of a 
piece of cardboard or other non-approved materi-
al is not acceptable and must not be permitted as 
damage to the cable could be the result.

Where driven nails or screws can penetrate 
feeders of nonmetallic-sheathed cable or electrical 
nonmetallic tubing installed through metal studs, 
a steel sleeve, steel nail plate or steel clip not less 
than 1.6 mm (1/16  in.) in thickness is required 
to be used to protect the cable or tubing from 
possible penetration. �inner steel plates are again 
permitted here if listed and marked appropriate-
ly. �is requirement is not applicable to Type AC 
feeder cable assemblies [NEC 300.4(B) or IRC 
Table E3802.1].

Feeder Cables and aceways 
Installed Parallel to Framing 

embers
Where run exposed or in concealed locations, a 
feeder cable or raceway type wiring method in-
stalled parallel to wooden framing members, such 
as joists, rafters, or studs, must be installed and 
supported so the nearest outside surface of the 
cable or raceway is not less than 32 mm (1¼ in.) 
from the nearest edge of the framing member. 
Without this additional protection, driven nails 
or screws are likely to penetrate and damage the 
cable.

If 32 mm (1¼ in.) distance cannot be main-
tained, the cable or raceway must be protected 
from penetration by nails or screws by a steel nail 

plate, sleeve or equivalent at least 1.6 mm (1/16 
in.) thick. �inner steel plates are again permitted 
here if listed and marked appropriately.

�is rule for protection of cables or raceways is 
not applicable to feeders installed in intermediate 
metal conduit, rigid metal conduit, rigid nonme-
tallic conduit and electrical metallic tubing. �is 
requirement also applies to concealed work in fin-
ished buildings or finished panels for prefabricat-
ed (manufactured) buildings, wired in accordance 
with NEC Article 545, Manufactured Buildings.

Conduit odies
A conduit body is 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 conduit 
or tubing system or at a terminal point of the sys-
tem. Boxes such as FS (shallow) and FD (deep) 
cast device boxes or larger of cast or sheet metal 
types are not classified as conduit bodies but fall 
under the category of boxes.

Requirements for installing conduit bodies are 
found in NEC Article 314 or IRC E3905. Con-
duit bodies generally are not permitted to contain 
splices unless they are durably and legibly marked 
with their cubic inch capacity. If they are marked, 
conductor fill is determined using the same 
procedure for other than standard boxes (NEC 
314.16(C)(2) or IRC E3905.12.3.1). Chapter 12 
of this text includes additional detailed informa-
tion on calculating conductor fill of boxes.

Conduit bodies that are used as pull or junction 
boxes are required to comply with NEC 314.28. 
Conduit bodies used for conductors 4 AWG 
or larger must comply with NEC 314.28(A)(1) 
through (A)(3). For straight-through pulls, the 
length of the conduit body normally must not be 
less than eight times the diameter of the largest 
raceway. Where used with angle or U pulls, the 
distance between raceway entries and the opposite 
wall is not to be less than six times the diameter of 
the largest conduit. �is dimension can be reduced 
where the conduit entry is opposite a removable 
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cover and that distance is not less than in 
NEC Table 312.6(A) for one conductor 
per terminal. �is table deals with wire 
bending space at terminations of conduc-
tors. Conduit bodies of other dimensions 
are permitted where they are marked with 
both the maximum size and number of 
conductors.

Conduit bodies must be installed so 
the wiring in them can be rendered ac-
cessible without removing any part of 
the building.

Product Safety Standard 
equirements

It is recommended the following elec-
trical product safety guide card information and 
product safety standards be consulted for addi-
tional guidance on the proper installation, oper-
ation and use of electrical equipment covered in 
this chapter. �e four-letter code in parentheses 
refers to the product category in the UL Guide 
Information for Electrical Equipment Directory 
(UL Product Spec material).

• Equipment for Use in Ordinary Locations  
(AALZ)

• Armored Cable (AWEZ)
• Armored Cable Type AC, Connectors     

(AWSX)
• Underground Feeder and Branch Cable   

(YDUX)
• Service-Entrance Cable (TYLZ)
• Rigid Ferrous Metal Conduit (DYIX)
• Intermediate Ferrous Metal Conduit 

(DYBY)
• Electrical Metallic Tubing (FJMX)
• Flexible Metal Conduit (DXUZ)
• Flexible Metal Conduit, Liquidtight 

(DXHR)
• Flexible Nonmetallic Conduit, Liquidtight  

(DXOQ)
• Rigid Nonmetallic PVC Conduit (DZYR)
• Panelboards (QEUY)
• Conduit Fittings (Bodies) (DWTT)

eferences
1National Electrical Code and NEC are registered 

trademarks of the National Fire Protection Association, Inc., 
Quincy, MA 02169. �is reprinted material is not the official 
position of the National Fire Protection Association, which is 
represented only by the standard in its entirety.

2International Residential Code for One- and Two-Family 
Dwellings (2018). Copyright © International Code Council, 
Inc., February 2017.

3Underwriters Laboratories Inc. (UL), Northbrook, IL. 
UL Guide Information for Electrical Equipment Directory 
(UL Product Spec material) unless indicated otherwise.

Figure 6.17. inimum si e required for conduit bodies (  C    
fittings  etc.)
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Questions
1. Feeders must be protected from overcurrent 

in accordance with Part I of Article 225 of the 
NEC and Chapter 36 of the IRC.

True_________ False_________

2. �e installed ungrounded conductors for a 
100-ampere feeder are 2 AWG THHN in order 
to limit the voltage drop to 3%. �e minimum size 
of the copper equipment grounding conductors is:

A. 8 AWG
B. 6 AWG
C. 4 AWG
D. 2 AWG

3. Feeder conductors for a dwelling unit are not 
required to be larger than the service-entrance 
conductors.

True_________ False_________

4. Where a feeder supplies branch-circuits 
in which equipment grounding conductors are 
required, the feeder must include or provide 
an equipment grounding conductor to which 
the equipment grounding conductor of the 
branch-circuit must be connected.

True_________ False_________

5. Type SER is a cable assembly that is round in 
configuration and includes an insulated ground-
ed (neutral) conductor that is part of an assembly 
along with a bare equipment grounding conductor 
and insulated phase conductors.

True_________ False_________

6. Type USE is permitted to be used as a directly 
buried underground feeder where run to supply a 
second building on the property.

True_________ False_________

7. A Type SE service-entrance cable is not per-
mitted to be used for a feeder in interior wiring 
systems where all the circuit conductors of the 
cable are of the thermoset or thermoplastic type.

True_________ False_________

8. A typical feeder cable assembly may include 
Types AC, NM, UF, or SER.

True_________ False_________

9. Typical raceways for feeders include electri-
cal nonmetallic tubing, electrical metallic tubing, 
rigid PVC conduit, intermediate metal conduit, or 
rigid metal conduit. 

True_________ False_________

10. An overcurrent device is generally required 
to be located where the conductor terminates.

True_________ False_________

11. �e 3 m (10 ft) tap rule permits the tap con-
ductors to be installed under specific conditions 
without overcurrent protection at the tap conduc-
tor origination.

True_________ False_________
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12. For new installations, the grounded (neutral) 
conductor must be isolated from the enclosure of 
a feeder panelboard supplied from service equip-
ment.

True_________ False_________

13. Conductors are permitted to fill a conduit to 
53% of the area where three or more conductors 
are installed.

True_________ False_________

14. PVC conduit is not permitted to support 
luminaires.

True_________ False_________

15. An expansion fitting is required where the 
expansion or contraction of rigid PVC conduit is 
more than 13 mm (½ in.).

True_________ False_________

16. Angle connectors for flexible metal and liq-
uidtight flexible metal conduit are not permitted 
to be concealed.

True_________ False_________

17. Unless also marked with additional mark-
ings such as RHH or RHW, Type USE conduc-
tors are not permitted inside buildings.

True_________ False_________

18. Cables installed as feeders are to comply 
with requirements for protection from physical 
damage under which of the following conditions?

A. Where installed in bored holes within   
 25 mm   (1 in.) of the surface.

B.  Where installed parallel to a framing   
 member within 25 mm (1 in.) 

 of the surface.
C.  Where installed in a shallow notch in  

 framing members and protected with an  
 aluminum plate at least 1.6 mm (1/16 in.)  
 thick.

D.  Where installed in a bored hole not less  
 than 32 mm (1¼ in.) from the surface.

19. A conduit body for a straight pull must be 
not less than six times the metric designator (trade 
size) of the largest raceway.

True_________ False_________

20. �e minimum size Rigid PVC Conduit, 
Schedule 80, containing three 3 AWG, THHW 
insulated conductors is:

A. Metric designator 16 (trade size ½ in.)
B. Metric designator 27 (trade size 1 in.)
C. Metric designator 35 (trade size 1¼ in.)
D. Metric designator 41 (trade size 1½ in.)

21.  Where installed in lengths exceeding 1.8 m 
(6 ft), LFNC is required to be securely fastened at 
intervals not exceeding __________on each side 
of every outlet box, junction box, cabinet, or fitting.

A. 900 mm (3 ft) and within 300 mm (12 in.)
B. 1.2 m (4 ft) and within 300 mm (12 in.)
C. 1.8 (6 ft) and within 250 mm (10 in.)
D. 2.5 m (8 ft) and within 300 mm (12 in.)
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General Requirements
Household appliances have played a ma-
jor role in the typical residential home 

for well over the past century. �ese appliances, 
typically gas or electrically operated, have served 
to aid the homeowner in such task as cooking, 
cleaning, and preserving food.

An appliance is defined by the Code as, “Utili-
zation equipment, generally other than industrial, 
that is normally built in standardized sizes or types 
and is installed or connected as a unit to perform 

Chapter 7

one or more functions such as clothes washing, 
air conditioning, food mixing, deep frying, and so 
forth.”

Utilization equipment is defined as, “Equip-
ment that utilizes electric energy for electronic, 
electromechanical, chemical, heating, lighting, or 
similar purposes.” 

Branch-Circuit Requirements
Branch-circuit conductors that supply an appli-

Requirements for
Major Household 
Appliances
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ance must be sized to be capable of carrying the 
appliance current without conductor overheating 
under the specified conditions. Conductors that 
form an integral part of an appliance or facto-
ry-installed wiring are not considered when ap-
plying this requirement (NEC 422.10).

An individual appliance’s branch-circuit rating 
or size cannot be less than the rating marked on 
the appliance nameplate or the rating marked 
on an appliance that has combined loads [NEC 
422.10(A)].

Some motor-operated appliances do not have a 
marked nameplate rating. In this case, the size of 
the branch-circuit conductors is required to be in 
accordance with Part II of NEC Article 430 [NEC 
422.10(A)]. �e conductors are sized based upon 
the full load current rating of the motors together 
with any other associated loads [NEC 430.6(A) 
and 430.22].

For continuously loaded appliances, other than 
those that are motor-operated, the branch-circuit 
rating cannot be less than 125% of the marked 
nameplate rating. NEC 210.20(A) contains sim-
ilar rules for branch-circuit overcurrent devices 
and conductors that serve continuous loads. Most 
loads in dwellings are not continuous loads.

Branch circuits used to supply household cook-
ing appliances are sized for the load as calculated 
in accordance with NEC Table 220.55, Note 4 or 
IRC E3702.9. See Chapter 2 in this publication for 
additional information on this subject.

Where branch circuits supply an appliance and 
other loads, the rating of the branch circuit is de-
termined in accordance with NEC 210.23 or IRC 
Section E3702. �is provision is found at NEC 
422.10(B) with reference to NEC 210.23 where 
we find permissible loads for 15- and 20-ampere, 
30-ampere, 40- and 50-ampere, and larger than 
50-ampere branch circuits. �e installation re-
quirements of some listed appliances may demand 
an individual branch circuit by the manufacturer’s 
specifications. �is type of instruction is required 
to be followed through NEC 110.3(B) or IRC 
E3403.3 of the Code.

Appliance branch-circuit conductors are required 
to be provided with overcurrent protection in ac-
cordance with NEC 422.11 or IRC E4101.4. Gen-
erally, branch-circuit conductors must be protected 
from overcurrent in accordance with NEC 240.4 
or IRC E3705.5. By reference to NEC 310.15 or 
IRC E3705.1, NEC 240.4 or IRC E3705.5 incor-
porates Table 310.15(B)(16) or IRC Table E3705.1 

Photo 7.1. as-fired furnace (appliance) in dwelling attic supplied by indi idual branch circuit
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for the allowable ampacity of conduc-
tors. Specific rules for small conductors 
are contained in NEC 240.4(D) or IRC 
E3705.5.3. �ese sections provide that 
unless specifically permitted elsewhere 
in NEC 240.4 or IRC E3705.5.4, the 
overcurrent protection cannot exceed 15 
amperes for 14 AWG copper, 20 amperes 
for 12 AWG copper, 30 amperes for 10 
AWG copper, 15 amperes for 12 AWG 
aluminum and 25 amperes for 10 AWG 
aluminum. �e rating of the overcurrent 
protection device is determined after any 
correction factors for ambient tempera-
ture or number of conductors is applied 
to the conductors.

Nameplate information may in-
clude the maximum or minimum rating of the 
branch-circuit overcurrent device. If marked 
on an appliance nameplate, the branch-circuit 
overcurrent protective device rating is restricted 
to the marked values [NEC 422.11(A) or IRC 
E4101.4.1].

Installation of Appliances
All appliances must be installed in an approved 
manner (acceptable to the authority having juris-
diction). Appliance installation methods that dif-
fer from Article 422 shall be allowed only through 
special permission. Special permission means the 
written permission of the authority having juris-
diction (NEC 422.22 or IRC E4101.2).

Central heating equipment (such as an oil- or 
gas-fired furnace) is required to be supplied by an 
individual branch circuit (NEC 422.12 or IRC 
E3703.1). An individual branch circuit typically 
supplies only that piece of utilization equipment 
(see photos 7.1 and 7.2). In this case, this indi-
vidual branch circuit is also permitted to supply 
auxiliary equipment directly associated with the 
central heating equipment. An example of auxil-
iary equipment includes pump motors or solenoid 
valves used with a boiler or a humidifier or electro-
static air cleaner used with a furnace. A receptacle 

outlet for use with auxiliary equipment does not 
include the receptacle outlet required to be with-
in 7.5 m (25 ft) of the equipment as required by 
NEC 210.63 or IRC E3901.12. �is receptacle 
outlet is required for use by individuals servicing 
the equipment.

Auxiliary equipment, such as an electrostatic 
air cleaner, is not permitted to be supplied from 
internal circuits of the central heating equipment 
unless the manufacturer of the heating equipment 
has made provisions for the auxiliary equipment. 
Check the manufacturer’s instructions for such 
provisions. In some cases, the manufacturer’s 
instructions will require a separate circuit. �is 
requirement for an individual branch circuit en-
hances safety. �e more equipment connected to 
a branch circuit, the more likely that power to the 
furnace, boiler, or heat pump will be interrupted. 
Additional precautions are warranted in colder 
climates. An overcurrent in the auxiliary equip-
ment could cause the circuit overcurrent protec-
tive device to open and thus disrupt power to the 
heating unit.

Permanently connected air-conditioning equip-
ment is permitted to be connected to the same 
branch circuit as central heating equipment. �e 
air-conditioning load is considered non-coinci-
dental or not likely to operate at the same time 

Figure 7.1. Supply to and disconnecting means for central heating 
equipment and electrostatic air cleaner
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as the furnace, boiler or other central 
heating appliance. �is permission does 
not extend to cord- and plug-connect-
ed air conditioning units designed to be 
installed in windows. Typical conditions 
where this exception applies are limit-
ed due to differences in voltage ratings, 
circuit ratings, and a need to comply 
with all applicable Code requirements 
(NEC 422.12 Exception No. 2 or IRC 
E3703.1).

Fixed electric space-heating equip-
ment, such as baseboard or wall-mount-
ed fan units, does not fall under the 
heading of central heating equipment. 
NEC Article 424 covers circuit require-
ments for fixed electric heating equip-
ment. See Chapter 8 in this publication 
for additional information on fixed elec-
tric space-heating equipment.

Appliances Connected 
with Flexible Cord
A flexible cord assembly is permitted 
to be used for the connection of some 
appliances. �is type of connection is 
permitted to facilitate frequent or oc-
casional interchange or to prevent the 
transmission of noise or vibration to an appliance. 
A cord- and plug-connection to a sump or storm 
water pump is a typical example of preventing the 
transmission of vibration through the electrical 
connection. A flexible cord is also permitted to 
be used to facilitate the removal or disconnection 
of appliances that are fastened in place, where the 
fastening means and mechanical connections are 
specifically designed to permit ready removal for 
maintenance or repair, and the appliance is specifi-
cally intended or identified for a flexible cord con-
nection. A cord- and plug-connected household 
range is a typical example of an appliance specifi-
cally intended or identified for a flexible cord con-
nection [NEC 400.10(A)(8) and 422.16(A) and 
(B); IRC E4101.3 and Table E4101.3].

�ese Code rules clearly indicate that central 
heating appliances and electric water heaters are 
not permitted to be cord- and plug-connected. 
�e typical dryer cord or flexible cord for a waste 
disposer are not “intended or identified” to be 
used with a heating appliance. History has shown 
that where an electric water heater was cord- and 
plug-connected (typically with a dryer cord), the 
cord deteriorated over time and this led to severe 
problems when someone handled these damaged 
cords. Electric water heaters may also include 
specific instructions that require a high tempera-
ture supply conductor at the connection point. It 
should be noted that flexible cords are generally 
only rated for 60°C use.

As shown in the following text, some appli-

Photo 7.2. as furnace with electrostatic air cleaner

Figure 7.2. A exible cord connection generally is not permitted for 
these appliances.
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ances are specifically permitted to be cord-and 
plug-connected even though they are not portable 
appliances. �e attachment plugs must be of the 
grounding-type and dead-front construction. A 
dead-front attachment plug has no exposed live 
parts on the blade side of the plug [NEC 422.16 
or IRC E4101.3].

Kitchen In-Sin  aste Disposer
A 120-volt kitchen in-sink food waste disposer 
used in a dwelling unit is permitted to be cord- 
and plug-connected with a flexible cord identified 
for the purpose. Flexible cords supplied with listed 
appliances are considered to be identified for the 
purpose. Prior to field installing a flexible cord, 

consult the appliance manufacturer’s 
instructions for information on the type 
of cord to be used and any specific in-
stallation instructions. In addition, NEC 
Table 400.4, Flexible Cords and Cables, 
lists Types SP-3, SPE-3 and SPT-3 
specifically as being permitted for supply 
to kitchen waste disposers, dishwashers 
and trash compactors, wall-mounted 
and counter-mounted cooking units, 
and range hoods with references to NEC 
422.16(B).

�e cord that connects the appliance 
is terminated with a grounding-type 
attachment plug, and all the following 
conditions are met:

1. supply cord length cannot be shorter than 
450 mm (18 in.) nor longer than 900 mm 
(36 in.); 

2. receptacles are required to be located to pro-
tect against physical damage to the flexible 
cord and attachment plug; and

3. receptacles must be accessible 
[NEC 422.16(B)(1) or IRC E4101.3 and Table 
E4101.3].

Receptacles for supply to in-sink kitchen waste 
disposers are not required to be readily accessible. 
Such outlets are required to be accessible. For ex-
ample, the receptacle may be located within the 
cabinet that supports the kitchen sink and con-
tains the in-sink waste disposer. �is cabinet may 

Table 7.1  Flexible Cord engths for Specific Appliances

Figure 7. . Flexible cord connection for specific appliances is 
permitted.
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also be used to store kitchen cleaning 
supplies. Access to the receptacle and 
attachment plug may require removing 
these cleaning supplies. However, the re-
ceptacle is still considered accessible.

uilt-In Dishwashers
A built-in dishwasher intended for 
dwelling unit use is permitted to be 
cord- and plug-connected with a flex-
ible cord identified for the purpose and 
terminated with a grounding-type at-
tachment plug cap [NEC 422.16(B)(2) 
or IRC E4101.3 and Table E4101.3]. 
If a dishwasher is cord-and-plug con-
nected, the receptacle outlet for a built-
in dishwasher is required to be locat-
ed in the space adjacent to the space 
occupied by the dishwasher. Section 
8.3.3(a) of UL 749 (Standard for Safety 
for Household Dishwashers) states in 
part, “the power-supply receptacle for 
the appliance (dishwasher) shall be in-
stalled in a cabinet or on a wall adjacent 
to the undercounter space in which the 
appliance is to be installed.” In other 
words, UL 749 prohibits the installation of the 
power-supply receptacle outlet for the dishwash-
er being installed in the same cabinet space as 
the dishwasher. A change occurred in the 2017 
NEC and the 2018 IRC to align NEC 422.16(B)
(2) and IRC E4101.3 and Table E4101.3 with 
the product standard for household dishwashers, 
UL 749 as previous editions of the Code allowed 
the power-supply receptacle outlet for the dish-
washer to be located in the same space (behind 
the dishwasher). Additional conditions for such 
uses are:

1. Length of the flexible cord is 0.9 m to 2.0 
m (3 ft to 6.5 ft). To accommodate this po-
tential extended length of the cord for con-
nection to a receptacle outlet in the adjacent 
cabinet space, the maximum length of a 

cord for a built-in dishwasher was extended 
from the previous maximum length of 1.2 
m (4 ft) to 2.0 m (6.5 ft) measured from 
the face of the attachment plug to the plane 
created by the back of the appliance.

2. Receptacles must be located to protect 
against physical damage to the flexible cord 
and attachment plug. 

3. Receptacle must be located in the space ad-
jacent to the appliance.

4. Receptacle must be accessible.

If the appliance is cord-and-plug connected, 
as indicated in the Code, the receptacle supplying 
power to a dishwasher is required to be located in 
the space adjacent to the appliance. No maximum 
distance away from the appliance is given for the 
receptacle, but the length permitted for the flexi-

Table 7.2. iring for itchen aste Disposer

Photo 7. . In-sin  itchen waste disposer is permitted to be cord-
connected
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ble cord limits the distance the recep-
tacle could be away from the appliance. 
A cord-and-plug connection allows the 
dishwasher to be removed for mainte-
nance and repair along with the appliance 
being disconnected from the other util-
ities, such as the water and drain, before 
the dishwasher could be slid out and the 
cord cap removed from the receptacle.

NEC 210.8(D) or IRC E3902.10 re-
quire GFCI protection for all outlets 
that supply dishwashers installed in 
dwelling units. �is would include a re-
ceptacle outlet or a hard-wired outlet for 
a dishwasher. Modern-day electronically 
controlled dishwashers have different 
failure modes than their electromechan-
ical ancestors. End of life for today’s 
dishwashers can result in increased risk 
of electrical shock, which can be miti-
gated by providing GFCI protection for 
outlets supplying dishwashers.

Trash Compactor
Trash compactor intended for dwelling 
unit use are also permitted to be cord- 
and plug-connected with a flexible cord 
identified for the purpose and terminat-
ed with a grounding-type attachment 
plug cap [NEC 422.16(B)(2) or IRC 
E4101.3 and Table E4101.3]. Trash 
compactors typically come with a flex-
ible cord for cord-and-plug connection 
from the manufacture. Additional con-

ditions for such uses are:

1. Length of the flexible cord is 0.9 m to 
1.2 m (3 ft to 4 ft). �e length is mea-
sured from the face of the attachment 
plug to the plane created by the back of 
the appliance.

2. Receptacles must be located to prevent 
physical damage to the flexible cord 
and attachment plug. 

Figure 7. . uilt-in dishwashers are permitted to be cord-and-plug 
connected as long as the receptacle outlet is located in the space 
ad acent to  the dishwasher.

Photo 7. . Dishwashers and trash compactors permitted to be cord-
connected.

Table 7.  iring for uilt-in Dishwasher
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Table 7.  iring for Trash Compactor

3. Receptacle can be located in the 
space occupied by the appliance or 
adjacent thereto.

4. Receptacle must be accessible.

Unlike with the dishwasher, the recepta-
cle supplying power to a trash compactor 
is permitted to be in the space occupied 
by the appliance or the space adjacent to 
the appliance. 

ange oods
Range hoods are permitted to be cord- 
and plug-connected. �is includes appli-
ances that are a combination microwave 
oven and range hood. �e installation 
instructions shall identify the types of 
flexible cords that are suitable. Flexible 
cords supplied with listed appliances are 
considered to be suitable. �e cord must 
terminate in a grounding-type attach-
ment plug. All of the following addition-
al conditions must also be met:

1. Supply cord length cannot be 
shorter than 450 mm (18 in.) nor 
longer than 1.2 m (4 ft).

2. Receptacles are required to be lo-
cated to prevent physical damage 
to the flexible cord and attachment 
plug.

3. Receptacles must be accessible.
4. Receptacle must be supplied by an 

individual branch circuit
[NEC 422.16(B)(4) or IRC E4101.3].

Even though a typical range hood 
draws very little current (2-3 amperes), 
one of the requirements to permit a 
range hood to be cord-and-plug connected is 
for the outlet to be supplied by an individual 
branch circuit (typically 15- or 20-amperes). �is 
requirement for and individual branch circuit is 
to account for an ordinary range hood being re-

placed with a range hood/microwave oven com-
bination, which has become a common practice 
at dwelling units. �ese range hood/microwave 
oven combos can demand up to 8 to 12 amperes 
of current.

Photo 7.5. Combination microwa e-o en/range-hood using a suitable 
cord-and-plug connection identified for such use

Table 7.5. iring for ange ood
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all- ounted ens and 
Counter- ounted Coo ing nits
Wall-mounted ovens and counter-mounted cook-
ing units are permitted to be either permanently 
connected, or, for ease in servicing or installing 
the unit, cord-and-plug connected. �e Code does 
not specify a minimum or maximum length of the 
cord for this type of appliance. 

�e cord, the separable connector, or plug and 
receptacle combination in the supply circuit to 
the oven or cooking unit shall be suitable for the 
maximum temperature of the space in which it is 

located. Consult the manufacturer’s installation 
instructions for the cooking appliance for addi-
tional information on this topic.

�e Code prohibits the use of flexible cords 
where they will run through holes in walls, struc-
tural ceilings, suspended ceilings, dropped ceilings, 
or floors. However, the flexible cord is permitted to 
pass through a hole in the side of a kitchen cabinet 
in order to reach a receptacle outlet located in an 
adjacent cabinet. Such installation does not violate 
the rules of the Code simply because the side of a 
kitchen cabinet is not a wall. �e requirement for 
protecting the flexible cord from physical damage 
must be complied with for cord installations.

While the general requirement calls for a 
grounding-type attachment plug, an exception 
permits listed kitchen in-sink food waste dis-
posers, dishwashers, trash compactors, and range 
hoods that are protected by a system of double 
insulation, or its equivalent, to be ungrounded 
and supplied by a two-wire attachment plug cap. 
Where such a system is employed, the equipment 
must be distinctively marked [Exception to NEC 
422.16(B)(1)(1), (2)(1), (3)(1), and (4)(1) or IRC 
E4101.3].

Support of Ceiling-Suspended 
(Paddle) Fans
Ceiling-suspended (paddle) fans is considered an 
appliance by the Code. �ey must be supported 
independent of an outlet box by means of a list-
ed outlet box or listed outlet box system identi-
fied for use with a ceiling-suspended (paddle) 
fan. �e outlet box or system must be installed to 
meet the requirements of NEC 314.27(C) or IRC 
E3905.8. An outlet box system is a box together 
with a special mounting bracket or bar. A listed 
outlet box system with a listed locking support 
and mounting receptacle, and a compatible factory 
installed attachment fitting designed for support, 
identified for the use and installed in accordance 
with NEC 314.27(E) or IRC E3906.12 can also 
be used to support a ceiling-suspended (paddle) 
fan. See Chapter 12 of this book for additional in-

Photo 7.6. ange receptacle for counter-mounted coo ing 
unit

Photo 7.7. Ceiling-suspended (paddle) fans (appliance) 
must be generally supported independent of an outlet 
box by a listed outlet box system identified for use with a 
ceiling-suspended (paddle) fan
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formation on outlet box installations for 
ceiling-suspended (paddle) fans. [NEC 
422.18 or IRC E4101.6]

lectric ater eaters
Where a branch circuit supplies a fixed 
storage-type water heater having a ca-
pacity of 120 gallons or less, it is required 
to be rated at not less than 125% of the 
rating of the water heater shown on the 
nameplate. �is includes both the over-
current device and conductors. A typical 
nameplate on an electric water heater will 
include the information in figure 7.6. 

Branch circuit sizing requirements 
for water heaters 120 gallons or less 
are provided in NEC 422.13 or IRC 
E3702.10.

Disconnecting eans for 
Appliances
A means of disconnect is generally 
required for permanently connect-
ed appliances (NEC 422.31 or IRC 
E4101.5). �ere are also provisions for 
the disconnection of cord- and plug-connected 
appliances as previously covered in this chapter 
(NEC 422.16 or IRC E3909.1).

A disconnecting means must be provided to 
simultaneously disconnect each appliance from 
all ungrounded (hot) conductors. Where an ap-
pliance is supplied by more than one branch-cir-
cuit or feeder, the disconnecting means must be 
grouped and properly identified as the appliance 
disconnect (NEC 110.22 and 422.30 or IRC 
E3404.13 and E4101.5).

Types of Disconnecting eans 
for Permanently Connected 
Appliances

Appliances Rated at Not Over 300 VA or ⅛ HP
For appliances rated not over 300 volt-amperes 

Figure 7.6 xample of ater eater ameplate Information

Table 7.6.  lectric ater eater  ranch-Circuit Ampacity

(watts) or not over ⅛ horsepower, the branch-circuit 
overcurrent device is permitted to serve as the required 
disconnecting means where the switch or circuit break-
er is within sight from the appliance or is capable of 
being locked in the open (off ) position in accordance 
with NEC 110.25 or IRC E4101.8. �e locking device 
must remain in place with or without the lock installed 
[NEC 422.31(A) and 110.25 or IRC Table 4101.5 and 
E4101.8]. 

Appliances Rated Over 300 VA
For appliances rated greater than 300 volt-amperes 

(watts), the branch-circuit switch or circuit breaker is 
permitted to serve as the disconnecting means where 
the switch or circuit breaker is within sight from the 
appliance or is capable of being locked in the open 
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(off ) position in accordance with NEC 110.25 or IRC 
E4101.8. �e provision for locking or adding a lock to 
the disconnecting means must remain in place with or 
without the lock installed [NEC 422.31(B), 110.25 or 
IRC Table E4101.5, E4101.8]

otor- perated Appliances 
ated er  P

For permanently connected motor-operated ap-
pliances with motors rated over ⅛ horsepower, 
the branch circuit switch or circuit breaker is 
permitted to serve as the disconnecting means 
where the switch or circuit breaker is within sight 

of the appliance or the disconnecting 
means must be capable of being locked 
in the open (off ) position in accordance 
with NEC 110.25 or IRC E4101.8. 
�is disconnecting means is general-
ly required to be one of the following 
types: a listed motor-circuit switch rat-
ed in horsepower, a listed molded case 
circuit breaker, a listed molded case 
switch, an instantaneous trip circuit 
breaker that is part of a listed combina-
tion motor controller, a listed self-pro-
tected combination controller, a listed 
manual motor controller additionally 

marked “Suitable as Motor Disconnect” 
where installed between the final motor 
branch-circuit short-circuit protective 
device and the motor. For stationary 
motors rated at 2 hp or less and 300 
volts or less, the disconnecting means 
is permitted to be one of the following 
devices:

1. A general-use switch having an am-
pere rating not less than twice the 
full-load current rating of the motor.

2. On AC circuits, a general-use snap 
switch suitable only for use on AC, 
not general-use AC–DC snap switch-
es, where the motor full-load current 
rating is not more than 80 percent of 
the ampere rating of the switch.

3. A listed manual motor controller having a 
horsepower rating not less than the rating of 
the motor and marked “Suitable as Motor 
Disconnect.”

�e disconnecting means for motor-operated 
appliances rated over ⅛ horsepower with circuits 
rated 1000 volts, nominal, or less must have an 
ampere rating not less than 115 percent of the 
full-load current rating of the motor. A listed 
unfused motor-circuit switch having a horsepow-
er rating not less than the motor horsepower is 
permitted to have an ampere rating less than 115 

Table 7.7.  lectric ater eater  ercurrent Protection

Figure 7.7. Disconnecting means are required for appliances
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percent of the full-load current rating of the motor 
[NEC 422.31(C), 430.109, 430.110, or IRC Table 
4101.5].

If a motor-operated appliance rated over ⅛ 
horsepower is supplied with a unit switch, the unit 
switch with a marked-off position is permitted 
to serve as the disconnecting means where other 
means for disconnection are provided. �e service 
disconnecting means is permitted to be the other 
disconnecting means. �e branch-circuit switch or 
circuit breaker serving as the other disconnecting 
means is permitted to be out of sight from the ap-
pliance. �e unit switch must have a marked-off 
position that is a part of the appliance and discon-
nects all ungrounded conductors [NEC 422.34 or 
IRC Table E4101.5]. 

�e term within sight from the appliance means 
the disconnecting means is to be clearly visible from 
the appliance and located not more than 15 m (50 ft) 
away. One option is to install a suitable disconnect-
ing means at an electric water heater, built-in elec-
tric range, cooktop, or oven since the branch-circuit 
switch or circuit breaker is not usually within sight 
from the appliances. Providing lock-off capability at 
the supply circuit breaker is an acceptable alternative 
for many non-motor-operated appliances. Discon-
nect switches are usually designed by the manufac-
turer so they are capable of being locked open. Most 
manufacturers of circuit breakers make an accessory 
device that mounts on the breaker and will permit 
the circuit breaker to be locked in the open (off) po-
sition. Either the switch or circuit breaker with acces-
sory kit installed described here will satisfy this Code 
requirement. �is disconnecting means provides an 
additional level of safety for the person that services, 
maintains or repairs the appliance since that person 
is typically the one in control of the locking device 
[NEC 422.31, 110.25; 422.16; or IRC E4101.5, 
E4101.8, and Table E4101.5].

Attachment Plug and eceptacle 
or Attachment Fittings sed As 
Disconnecting eans
For cord- and plug-connected appliances or at-

tachment fitting-connected appliances, an acces-
sible separable connector or an accessible attach-
ment plug and receptacle is permitted to serve as 
the required disconnecting means. �is plug and 
receptacle connection must meet the definition of 
accessible. �e cord and plug or attachment fitting 
must be capable of being removed without dam-
aging the building structure or finish. �e cord, 
plug, attachment fitting, and receptacle outlet 
must not be permanently closed in by the struc-
ture or finish of the building. Attachment fittings 
must be a factory installed part of the appliance 
and suitable for disconnection of the appliance. 
Attachment fittings are devices intended for the 
direct connection of electrical utilization equip-
ment designed to mate with a corresponding con-
tact device [NEC Article 100 and 422.33(A) or 
IRC Chapter 35 and Table E4101.5].

For a cord- and plug-connected household 
electric range, an attachment plug and receptacle 
connection located at the rear base of a range is 
permitted as the disconnecting means where it is 
accessible from the front by removal of a bottom 
utensil drawer [NEC 422.33(B) or IRC E4101.5 
and Table E4101.5].

�e rating of the receptacle, or of a separable 
connector, cannot be less than the rating of any 
appliance connected to it, unless demand factors 
authorized elsewhere in the Code are applied. �ey 
must also be capable of interrupting their rated 
current without hazard to the operator.

Appliance nit Switch(es) sed 
As Disconnecting eans
In two-family dwellings, the other disconnecting 
means can be the feeder or service disconnecting 
means located either inside or outside the dwell-
ing unit in which the appliance is installed. In this 
case, an individual switch or circuit breaker for the 
dwelling unit is permitted and is also permitted 
to control lamps and other appliances. �is rec-
ognizes that more than one appliance or other re-
ceptacle outlets or a luminaire may be on the same 
circuit.
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In one-family dwellings, the service disconnect-
ing means is permitted to be the other disconnect-
ing means [NEC 422.34(C)].

Other types of switches on the appliance, such 
as thermostats and control switches, may turn the 
appliance on and off but may not be the required 
disconnecting means. Such switches may not have 
a marked “off ” position and do not disconnect all 
power to the appliance. A typical example is a dish-
washer where the door switch, control buttons, or 
dial are switches that control a relay or controller 
within the appliance. �is type of switch does not 
qualify as the appliance disconnecting means. A 
disconnecting means located within sight from 
the dishwasher or capable of being locked in the 
open position must be provided if the appliance 
is permanently connected. If the dishwasher is 
cord- and plug-connected, the attachment plug 
can serve as the disconnecting means.

Where switches and circuit breakers are used 
as a disconnecting means, they must be of the 
indicating type. A properly rated general-use 
snap switch — ac only — with marked “ON” and 
“OFF” positions would be an acceptable with-
in-sight disconnecting means. �e motor full-load 
current shall not be greater than 80% of the am-
pere rating of the switch (NEC 422.35; 404.14 or 
IRC E4101.5, E4001.1).

ercurrent Protection of 
Appliances
Appliances are required to be protected 
against overcurrent. �e limits on the 
maximum size of the protective device 
are based upon the type of appliance 
and the information provided on the 
nameplate. If a protective device rating is 
marked on the appliance, the branch-cir-
cuit overcurrent device rating cannot ex-
ceed the protective device rating marked 
on the appliance.

A household-type appliance provid-
ed with surface heating elements that 
have a maximum demand of more than 
60 amperes is required to have its pow-
er supply subdivided into two or more 

circuits, each of which is provided with overcur-
rent protection rated at not over 50 amperes. �is 
rarely occurs in household-type appliances [NEC 
422.11(B)].

Where the branch circuit supplies a single 
non-motor-operated appliance, the rating of over-
current protection must not be in excess of that 
marked on the appliance nameplate.

If the overcurrent protection rating is not 
marked on the nameplate and the appliance is 
rated at over 13.3 amperes, overcurrent protec-
tion cannot exceed 150% of the appliance rated 
current. Where 150% of the appliance rating does 
not correspond to a standard overcurrent device 
ampere rating, the next higher standard rating 
shall be permitted. �e standard ratings of fuses 
and circuit breakers are found in NEC 240.6 or 
IRC E3705.6. If the overcurrent protection rating 
is not marked and the appliance is rated 13.3 am-
peres or less, the maximum rating of the protective 
device is 20 amperes. Lower values are permitted 
[NEC 422.11(E) or IRC E4101.4.1].

Electric heating appliances employing resis-
tance-type heating elements that are rated at more 
than 48 amperes must have their heating elements 
subdivided. Each subdivided load cannot exceed 
48 amperes and is required to be protected at not 
more than 60 amperes. Supplementary-type over-

Photo 7. . Circuit brea er loc ing accessory de ice installed 
at panelboard
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current protective devices are permitted to be used 
for this application.

�ese supplementary overcurrent protective 
devices are required to be: (1) factory installed 
within or on the heater enclosure, or provided as 
a separate assembly by the heater manufacturer; 
(2) accessible, but need not be readily accessible; 
and (3) suitable for branch-circuit protection. 
�e main conductors supplying these protective 
devices are considered as branch-circuit con-
ductors unless they are household-type heating 
appliances with surface heating elements [NEC 
422.11(F)(1)].

Resistance-type immersion electric heating ele-
ments are permitted to be subdivided into circuits 
not exceeding 120 amperes and protected at not 
more than 150 amperes. �is would apply where the 
heating elements (1) are contained in ASME-rat-
ed and stamped vessels, (2) are included in listed 
instantaneous water heaters, and (3) are installed 

in low-pressure water heater tanks or open-outlet 
water heater vessels [NEC 422.11(F)(3).

Overload protection for the motors of mo-
tor-operated appliances must be provided. In 
many cases, the manufacturer builds this overload 
protection into the appliance.

Overload protection must be provided for 
hermetic refrigerant motor-compressors located 
within air-conditioning or refrigerating equip-
ment. �e marking on the nameplate gives the 
maximum size and type of the permitted protec-
tive device. See Chapter 9 of this book for addi-
tional information on this topic.

Where motor-operated appliance overcurrent 
protective devices separate from the appliance are 
required, information for selection of these devices 
must be marked on the appliance nameplate.

rounding of Appliances
Appliances often present increased risk of electric 
shock due in part to the fact that many appliances 
are manufactured with exposed conductive ma-
terials. In kitchens and laundry rooms, it can be 
quite common for two or more appliances to be 
located within the range of a person’s reach. With-
out being properly grounded, these separate ap-
pliances could have different voltage potentials. In 
addition, one or more appliances may be installed 
within reach of a conductive sink such as laundry, 
utility, and kitchen sinks that may be both wet and 
grounded.

If one of the appliances is not properly grounded 
and a line-to-ground fault were to occur, any ex-
posed metal parts present a shock or electrocution 
hazard to a person who may inadvertently provide 
the electrical path between the ungrounded appli-
ance and a grounded surface such as a metal sink.

All exposed, normally non–current-carrying met-
al parts of appliances that are fastened in place or 
connected by a permanent wiring method must be 
properly grounded by connection to an equipment 
grounding conductor where their metal parts are 
likely to become energized (NEC 250.134 or IRC 
E3908.9). Becoming energized could be the result 

Photo 7. . nit switch on electric water heater

Photo 7.10. ameplate (typical) for a household range
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of an internal failure of insulated parts or 
from contact with an external source of 
electrical current such as portable appli-
ances. Dwelling unit appliances must be 
properly grounded by connection to an 
equipment grounding conductor under 
the following conditions:

1. Where they are located within 2.5 
m (8 ft) vertically or 1.5 m (5 ft) 
horizontally of ground or ground-
ed metal objects and subject to 
contact by persons.

2. Where they are located in a wet 
or damp location and not isolated. 

3. Where they are in electrical con-
tact with metal. 

4. Where they are supplied by a metal-clad, 
metal-sheathed, metal-raceway or other 
wiring method that provides an equipment 
grounding conductor [NEC 250.110 or 
IRC E3908.2].

Exposed, normally non–current-carrying met-
al parts of cord- and plug-connected equipment 
shown in the following list must also be ground-
ed by connection to an equipment grounding 
conductor:

1. air conditioners, freezers and refrigerators;
2. clothes-washing, clothes-drying, dishwash-

ing machines, kitchen waste disposers, range 
hoods, computers, sump pumps, electrical 
aquarium equipment; 

3. hand-held motor-operated tools; stationary 
and fixed motor-operated tools;

4. motor-operated appliances of the following 
types: hedge clippers, lawn mowers, snow 
blowers and wet scrubbers;

5. portable handlamps
6. accessible non–current-carrying metal parts 

of central vacuum outlet assemblies that 
are likely to become energized [see NEC 
250.114 for list items No. 1-5 and NEC 
422.15(C) for list item No. 6]. 

�e type of equipment grounding conductor 
used to ground appliances will depend on the 
type of wiring method that is used. For the most 
commonly used wiring method at dwelling units, 
cable wiring systems, an equipment grounding 
conductor is typically contained in the cable. 
For metal-clad cable, the metal cable jacket may 
qualify and serve as the equipment grounding 
conductor. For metal raceways, the raceway itself 
is permitted as the equipment grounding con-
ductor. For nonmetallic raceways, an equipment 
grounding conductor must be installed inside 
the raceway. Cord- and plug-connected equip-
ment may be grounded by means of an equip-
ment grounding conductor consisting of a bare 
conductor or insulated conductor that is green or 
green with one or more yellow stripes that is part 
of a cable assembly or flexible cord. �e flexible 
cord or cable assembly shall terminate with-
in a grounding-type attachment plug with one 
fixed grounding contact (NEC 250.118 or IRC 
E3908.8)

rounding Frames of  anges 
and Clothes Dryers
�e frames of electric ranges, wall-mounted ovens, 
counter-mounted cooking units, clothes dryers, 
and outlet or junction boxes that are part of the 

Figure 7. . rounding of appliances required
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circuit supplying the normally non–cur-
rent-carrying metal parts of appliances 
must always be properly grounded by 
connection to an equipment grounding 
conductor. �e grounding requirements 
are separated into two categories (new 
and existing). Grounding requirements 
for new installations are different from 
existing installations that were ground-
ed under older editions of the Code.

rounding Coo ing 
Appliances and Clothes 
Dryers on ew ranch 
Circuits
In new installations, the Code requires 
the frames of ranges, wall-mounted ovens, count-
er-mounted cooking units, and clothes dryers to be 
grounded by an equipment grounding conductor. 
Outlet or junction boxes that are part of the circuit 
must be grounded in a similar manner. In a typical 
120/240-volt, single-phase dwelling unit system, 
this means it is necessary to run four conductors 
to these appliances: two ungrounded (hot) con-
ductors, an insulated grounded (neutral) conduc-
tor, and an equipment grounding conductor. �e 
equipment grounding conductor is permitted to be 
any of the methods described in NEC 250.118 or 

Photo 7.11. Dryer rough-in wiring  including insulated 
grounded conductor and bare equipment grounding 
conductor ( -wire circuit)

Figure 7. . rounding of frames of new ranges and dryers requires 
separate insulated neutral conductor and an equipment grounding 
conductor for grounding purposes ( ote the -wire cable and the 
-wire receptacle)

Photo 7.12. Typical electric dryer cord and plug connection 
in a dwelling unit

IRC E3908.8 and can be an individual conductor 
of the cable assembly or an acceptable metal race-
way. Cord- and plug-connected equipment must be 
grounded as specified in NEC 250.138. Typically, 
the equipment grounding conductor will terminate 
in a grounding type attachment plug with a fixed 
grounding contact (see figure 7.9)

Receptacle outlets for these new branch-circuit 
installations shall be the 3-pole with ground type. 
Four-wire, grounding type flexible cords are re-
quired for pigtails for ranges and dryers. �is has 
not always been the case as prior to the 1996 NEC, 
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three-wire cords and attachment plugs had been 
permitted for many years, using the grounded 
(neutral) conductor for grounding of the frames 
of ranges and clothes dryers. Where a cooking 
appliance or clothes dryer has a factory-installed 
supply cord, verify that the equipment ground-
ing conductor and the neutral conductor are not 
bonded together.

Check the junction box of the appliance pri-
or to installation. Be sure to determine that the 

bonding strap or screw is not installed 
between the neutral conductor and 
the appliance frame. Proper bonding 
and grounding connections must be 
verified where existing appliances are 
moved between dwellings that might 
use a different grounding method. In 
existing dwellings where three wires 
are run, the bonding jumper between 
the equipment grounding terminal 
and the neutral conductor should be 
installed on the appliance. In new in-
stallations, this bonding jumper cannot 
be installed.

�e IRC does not contain allowances 
for the grounding of frames of existing 
ranges and dryers by means of connec-
tion to the grounded conductor. �e 
restriction on this method of ground-
ing for these appliances was placed in 
the 1996 NEC. �e NEC continues to 
permit the grounded (neutral) con-
ductor for grounding dryers and rang-
es only in existing installations in ex-
isting dwellings. New installations, in 
both new and existing dwellings, must 
be provided with a separate insulated 
grounded (neutral) conductor as well 
as an equipment grounding conductor 
for grounding purposes only. �e IRC 
does not permit grounding connec-
tions to a grounded conductor on the 
load side of the service disconnect at 
locations other than at existing sep-
arate buildings under certain restric-

tive conditions [IRC E3908.6; E3908.7 and 
NEC 250.140 and Exception and 250.134 and 
250.138)]. See also footnote (c) to IRC Table 
E3801.4, which indicate the grounded conduc-
tor must be insulated. Installations of existing 
dryers and ranges falling under the scope of the 
IRC would have to default to the provisions 
in NEC 250.140 Exception in order to use the 
grounded conductor for grounding of frames of 
existing ranges and dryers.

Figure 7.10. rounding the frame of a range or dryer by using the 
grounded (neutral) conductor of an existing branch circuit that 
originates at the ser ice equipment

Figure 7.11. rounding the frame of a range or dryer by the grounded 
(neutral) conductor of an existing branch circuit that originates in a 
sub-panelboard supplied by a feeder
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iring and rounding Coo tops
Many cooktops (counter-mounted cooking units) 
can be wired properly with a two-wire (with 
ground) cable or branch circuit, as no grounded 
(neutral) conductor is typically required for these 
cooking appliances. �is will be the case for al-
most all one- and two-family dwelling cooking 
appliances. �ese counter-mounted rangetops 
must be grounded by connection to the equip-
ment grounding conductor provided with the 
supplying branch circuit [NEC 250.134(A) or 
IRC E3908.9]. Counter-mounted cooking units 
and wall-mounted ovens are permitted to be per-
manently connected (hardwired) or, for ease in 

servicing or for installation, cord- and 
plug-connected. �ese units need to be 
complete with provisions for mounting 
and for making electrical connections in 
this manner. �e manufacturer of count-
er-mounted cooktops will typically sup-
ply a wiring method or “pigtail” connec-
tor consisting of flexible metal conduit 
from the cooking unit. Either a separa-
ble wiring method or a plug and recep-
tacle combination in the supply line to 
the cooking unit must be approved for 
the temperature of the space in which 
it is located [NEC 422.16(B)(3) or IRC 
Table 4101.5].

Polarity in Cord- and Plug-
Connected Appliances
�e Code requires that certain types of applianc-
es be provided with a polarized attachment plug. 
Where an appliance is provided with a manually 
operated, line-connected, single-pole switch used 
for appliance on-off operation, or an Edison-base 
lampholder, or either a 15- or 20-ampere rated 
receptacle, the attachment plug that connects the 
appliance to the supply circuit is required to be the 
polarized or grounding type (NEC 422.40).

Cord- and plug-connected portable freestanding 
hydromassage units and hand-held hair dryers that 
are subject to immersion are required to be con-
structed to provide protection for personnel against 
electrocution when immersed while in the “ON” or 
“OFF” position. Typically, the manufacturer of the 
appliance incorporates the protective device into 
the construction of the product (NEC 422.41). See 
also Chapter 14 in this publication for information 
concerning grounding and bonding requirements 
for hydromassage bathtubs.

Product Safety Standard 
Requirements
It is recommended that the following electrical 
product safety guide card information and prod-

Figure 7.12. Coo tops can be wired with a two-wire with ground cable  
as no neutral is required (follow the manufacturer s instructions)

Photo 7.1 . Counter-mounted coo ing units typically are 
wired with two-wire circuit
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uct safety standards be consulted for additional 
guidance on the proper installation, operation and 
use of electrical equipment covered in this chapter. 
�e four-letter code in parentheses refers to the 
product category in the UL Guide Information 
for Electrical Equipment Directory (UL Product 
Spec material).

• Electrical Equipment for Use in Ordinary 
Locations (AALZ)

• Fans, Ceiling Suspended (GPRT)
• Waste Disposers (ZDHR)
• Household Trash Compactors (XUUM)
• Dishwashers, Household (DMIY)
• Attachment Plugs (AXGV)
• Attachment Plugs, Fuseless (AXUT)

eferences
1National Electrical Code and NEC are registered trademarks of 

the National Fire Protection Association, Inc., Quincy, MA 02169. 

�is reprinted material is not the official position of the National Fire 

Protection Association, which is represented only by the standard in 

its entirety.

2International Residential Code for One- and Two-Family 

Dwellings (2018). Copyright © International Code Council, Inc., 

February 2017.

3Underwriters Laboratories Inc. (UL), Northbrook, IL. UL 

Guide Information for Electrical Equipment Directory (White 

Book) unless indicated otherwise.

Questions
1. For permanently connected appliances rat-

ed at not over 300-volt amperes or ⅛ hp, the 
branch-circuit overcurrent device cannot be used 
as the disconnecting means.

True  ________  False  ________

2. A disconnecting means must be provided to 
____________ disconnect each appliance from 
all ungrounded (hot) conductors. Where an ap-
pliance is supplied by more than one branch-cir-
cuit or feeder, the disconnecting means must be 
____________ and properly identified as the ap-
pliance disconnect. 

A. completely, accessible
B.  properly, readily accessible
C. simultaneously, readily accessible
D. simultaneously, grouped 

3. �e maximum length of a suitable flexible 
cord for a cord- and plug-connected built-in dish-
washer must not be longer than what distance?

A. 450 mm (18 in.)
B. 600 mm (24 in.)
C. 900 mm (36 in.)
D. 2.0 m (6.5 ft)

4. A fixed storage-type water heater of 80 gallons 
is required to be supplied by a branch circuit sized 
at not less than _______ percent of the nameplate 
rating of the water heater.

A. 100
B. 110
C. 115
D. 125
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5. Which of the following is the maximum allow-
able rating of a permanently connected appliance 
where the branch-circuit overcurrent device is used 
as the appliance disconnecting means where the 
switch or circuit breaker is within sight from the 
appliance or is lockable in accordance with 110.25?

A. ⅛ horsepower
B. ¼ horsepower
C. ½ horsepower
D. 1 horsepower

6. A flexible cord is not permitted to be used for 
the connection of a kitchen in-sink waste disposal.

True ______ False ______

7. A wall-mounted oven is permitted to be cord- 
and plug-connected.

True _______ False ______ 

8. A built-in trash compactor, intended for 
dwelling unit use, is permitted to be cord- and 
plug-connected provided the length of the cord is 
at least what distance?

A. 300 mm (12 in.)
B. 450 mm (18 in.)
C. 600 mm (24 in.)
D. 900 mm (36 in.)

9. Permanently connected appliances rated over 
300 volt-amperes may be disconnected from their 
supply by:

A. an accessible overcurrent protective device  
(regardless of its location)

B. the circuit breaker protecting the branch  
circuit (regardless of its location)

C. the branch-circuit switch or circuit  
breaker that is within sight from the 

 appliance or is capable of being locked in 
 accordance with 110.25 
D. any of the above

10. �e disconnecting means for motor-operated 
appliances rated over ⅛ horsepower with circuits rat-
ed 1000  volts, nominal, or less must have an ampere 
rating not less than ________ percent of the full-
load current rating of the motor.

A. 100
B. 115
C. 125
D. 150

11. Each electrically heated appliance that is 
intended by size, weight, and service to be located 
in a fixed position shall be placed so as to provide 
ample protection between the appliance and adja-
cent combustible material.

True _____ False _____

12. Central heating equipment (such as an oil- 
or gas-fired burner) is required to be supplied by a/
an____________ branch circuit that supplies only 
one piece of utilization equipment (other than 
auxiliary equipment or permanently connected 
air-conditioning equipment).

A.   general purpose
B.   multiwire
C.   individual
D.   appliance

13.  An equipment grounding conductor shall be 
used and connected where a central vacuum outlet 
assembly has accessible non–current-carrying metal 
parts that are likely to become energized.

True _____ False _____

14.  A flexible cord assembly is permitted to be 
used for the connection of an appliance to facilitate 
frequent interchange, or to prevent the transmis-
sion of noise or vibration to an appliance.

True _____ False _____
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15. For cord- and plug-connected household 
electric ranges, an attachment plug and receptacle 
connection at the rear base of a range, accessible 
from the front by removal of a drawer, shall be 
considered as meeting the disconnecting means 
requirements of the appliance.

True _____ False _____

16. What is the minimum permitted branch-cir-
cuit overcurrent protection for a 240-volt, 4500-
watt water heater on an individual branch circuit?

A.   20 A
B.   25 A
C.   30 A
D.   40 A

17. If a protective device rating is marked on the 
appliance, the branch-circuit overcurrent device 
rating cannot exceed the protective device rating 
marked on the appliance.

True _____ False _____

18.  Resistance-type immersion electric heating 
elements are permitted to be subdivided into cir-
cuits not exceeding ________amperes and protect-
ed at not more than ________ amperes.

A.   120 and 150
B.    60 and 120
C.   30 and 120
D.   40 and 300
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Chapter 8

Fixed Electric
Space-Heating
Equipment

All fixed electric space-heating equip-
ment  must be properly installed in 
accordance with installation instruc-

tions and listing or labeling requirements before 
the authority having jurisdiction (AHJ) will 
grant approval. All exposed non-current-carry-
ing metal parts of fixed electric space-heating 
equipment that are subject to becoming ener-
gized must be properly grounded by connection 
to an equipment grounding conductor [NEC 
110.2, 110.3(B); 250.110; and 250.134; IRC 
E3403.3 and E3908.2].

All fixed electric space-heating equipment  
must be properly installed in accordance with 
installation instructions and listing or labeling 
requirements before the authority having juris-
diction (AHJ) will grant approval. All exposed 
non-current-carrying metal parts of fixed electric 
space-heating equipment that are subject to be-
coming energized must be properly grounded by 
connection to an equipment grounding conduc-
tor [NEC 110.2, 110.3(B); 250.110; and 250.134; 
IRC E3403.3 and E3908.2].

The heating equipment discussed in this 
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chapter includes heating cables, unit heaters, 
boilers, central systems employing electric heat-
ing elements, and other fixed electric space-heat-
ing equipment. NEC Article 424 does not cover 
processing heating or room air conditioning. �e 
requirements of Article 440 apply to fixed electric 
heating equipment incorporating a hermetic re-
frigerant motor-compressor. See Chapter 9 in this 
publication for information concerning air-condi-
tioning and heat pump equipment.

Receptacle outlets are generally prohibited from 
being installed above baseboard heating units. �is 
prohibition is not directly addressed by the Code. �e 
restriction is found in the typical installation instruc-
tions that accompany listed units. Such restrictions 
effectively become Code requirements through the 
application of NEC 110.3(B) or IRC E3403.3.

Basic requirements for appliances and fixed elec-
tric heating equipment are provided in IRC Chap-
ter 41. Many specific requirements for the various 
types of electric heat used in one- and two-family 
dwellings are beyond the scope and requirements 
included in the IRC, so by default the rules in the 
NEC must be followed (IRC E3401.2).

�e product safety standard listing for electric 
baseboard heaters covers space heaters of the por-
table and permanently mounted types intended 
to be positioned or installed on, or in, the wall at 
the baseboard level, or on the floor. �e UL Guide 

information for Electrical Equipment Directory 
(UL Product Spec material) on Baseboard Heat-
ers (KLDR) states, “Baseboard heaters have been 
investigated and found to incorporate suitable 
safeguards against the establishment of fire haz-
ards that might result from contact with draperies, 
furniture, carpeting, bedding, and the like; howev-
er, discoloration or scorching (but no glowing em-
bers or flaming) may result on adjacent materials.

“Heaters, other than those marked to indicate 
that they are not for residential use, have been in-
vestigated to determine that the accessible surface 
temperatures are low enough to reduce the likeli-
hood of burns from accidental contact.

“Electrical cords, drapes, and other furnishings 
should be kept away from baseboard heaters. To 
reduce the likelihood of cords contacting the heat-
er, the heater is not to be located beneath electrical 
receptacles. Listings of receptacle accessories for 
use with an individual manufacturer’s baseboard 
heaters are included under the category Baseboard 
Heater Accessories (KLQZ).”

A receptacle outlet incorporated into a listed 
baseboard heater is recognized by the Code as be-
ing permitted to serve as the required receptacle 
outlet for the wall space. �ese receptacles are ei-
ther factory installed or furnished as an accessory 
by the manufacturer. Such receptacles cannot be 
connected to the same branch circuits that sup-

ply the heaters. �ey are to be connect-
ed to general purpose, or if appropriate, 
small appliance branch circuits [Sections 
110.3(B); 210.52; 210.52 (Informational 
Note); 424.9 (Informational Note); IRC 
E4101.2; E3403.3, E3901.1].

Fixed Electric Space 
Heating — Supply 
Conductor Insulation 
Rating
Some fixed electric space-heating equip-
ment includes marking that requires 
supply conductor insulation be rated 
over 60°C. �is marking must be clear Photo 8.1. Fixed electric baseboard heater
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and permanent so it will be plainly vis-
ible after the equipment is installed. �is 
marking is permitted to be adjacent to 
the field-connection box. Where fixed 
electric space-heating equipment is not 
so marked, it may be wired with 60°C 
rated conductors (NEC 424.11).

For example, the nameplate on the 
heater may require a conductor with 
75°C insulation. �is is to help ensure 
that the termination within the junction 
box of the heating equipment is ade-
quately protected against heat damage. 
�e installer must consider both ends of 
the conductor to be certain it complies 
with all rules.

�e Code indicates that unless marked other-
wise, terminals of circuit breakers and switches 
rated 100 amperes or less are rated for 60°C con-
ductor insulation. However, it is quite common to 
find that modern circuit breakers are marked with 
a dual 60/75°C rating. To determine the proper 
size conductor where the terminals are only rat-
ed for 60°C, refer to NEC Table 310.15(B)(16) 
or IRC Table E3705.1 and use the 60°C column. 
�ere, choose a conductor with an allowable am-
pacity that equals or exceeds that required for the 
circuit. �is will be the minimum size conductor 
permitted. To comply with the higher termina-
tion requirements marked on the heater, choose 
the same size conductor with 75°C or 90°C insu-
lation. �is conductor satisfies both the ampacity 
and temperature requirements.

Physical Damage
Fixed electric space-heating equipment may not 
be installed where exposed to physical damage, 
unless the equipment is adequately protected. It 
is difficult to provide physical protection for base-
board units [NEC 424.12(A)].

Fixed electric space heaters and related equip-
ment installed in damp or wet locations must be 
approved for such locations and must be con-
structed and installed so water cannot enter or 

accumulate in or on any wired sections, electrical 
components, or ductwork [NEC 424.12(B)].

For unit heaters, permanently wired radiant 
heaters, and radiant heat cables used for heating 
swimming pool deck areas, see Chapter 14 in 
this publication for additional information (NEC 
680.27(C) or IRC E4206.13).

Required Spacing from 
Combustible Material
Fixed electric space-heating equipment must be 
installed to provide the required spacing between 
the equipment and any adjacent combustible 
material. Some common examples of combusti-
ble materials found in dwelling units are drapes, 
curtains, towels, furniture, doors, and boxes. �e 
required spacing is marked on the equipment or 
furnished by the manufacturer. �is spacing may 
not be required for equipment that has been iden-
tified and listed for installation in direct contact 
with combustible material (NEC 424.13).

Branch-Circuit Requirements 
for Fixed Electric Space-Heating 
Equipment
�e Code provides the minimum requirements for 
determining the proper size of the branch circuit.

Figure 8.1. Baseboard heaters may be prohibited from being installed 
below receptacle outlets by its manufacturer s specifications
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Individual branch circuits are permitted to 
supply any VA or wattage rating of fixed electric 
space-heating equipment for which they are rat-
ed. For example, an electric furnace may require a 
single 60-ampere branch circuit. Branch circuits 
supplying two or more outlets for fixed electric 
space-heating equipment are required to be rat-
ed 15, 20, 25, or 30 amperes. For example, if a 
branch circuit supplies several baseboard heaters, 
the maximum size of the branch circuit is limited 
to 30 amperes. Fixed electric space heating equip-

ment consisting of resistance elements 
and any associated motors are consid-
ered a continuous load. �e minimum 
allowable ampacity of the branch-circuit 
conductors is required to be not less than 
125% of the total load. If the heating 
equipment contains motors, the motor 
loads must be added to the load of the 
resistance elements. Similarly, the mini-
mum rating of the branch-circuit fuse or 
circuit breaker is 125% of the total load 
(NEC 424.3 or IRC E3702.10).

�e rating or setting of overcurrent 
protective device(s) is permitted to be 
the next higher standard overcurrent 
device to be used to protect the conduc-
tor where the allowable ampacity of the 
conductor does not match the standard 
rating of the circuit breaker or fuse. For 
example, if the total load is calculated to 
be 42 amperes. �e minimum required 
circuit size is 52.5 amperes (based on 
125% of the total load). A 6 AWG cop-
per conductor with an ampacity of 55 
amperes is selected from the allowable 
ampacity tables. A 60-ampere fuse or 
circuit breaker can be used to protect the 
6 AWG conductors.

For electrode-type boilers, where 
approved for continuous operation at 
100% of its rating, a contactor, thermo-
stat, relay or similar device is permitted 
to supply its full-rated load as provid-
ed in NEC 210.19(A), Exception. �is 

type of equipment would not commonly be used 
in dwellings.

�e size of the branch-circuit conductors and 
overcurrent protective devices used for the supply 
to fixed electric space-heating equipment, includ-
ing a hermetic refrigerant motor-compressor with 
or without resistance units, is computed in accor-
dance with NEC 440.34 (conductors supplying a 
motor-compressor loads in addition to other loads) 
and 440.35 (conductors supplying multimotor and 
combination-load equipment).

Figure 8.2. Branch circuit is required to be rated at 125% of the load 
(see figure .7 for answer to questions)

Photo .2. Fixed electrical space-heating equipment (electric furnace) 
with supplementary overcurrent protection for subdivision loads
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Disconnecting Means 
for Fixed Space-Heating 
Equipment
A disconnecting means is required for 
heater(s), motor controller(s) and sup-
plementary overcurrent protective de-
vice(s) of all fixed electric space-heat-
ing equipment. �e disconnecting 
means must be capable of simultane-
ously opening all ungrounded (hot) 
conductors. Multiple disconnects are 
permitted as a disconnecting means. 
Where heating equipment is supplied 
by more than one source, feeder, or 
branch circuit, the individual discon-
nects that comprise the disconnecting 
means must be grouped and identi-
fied as having multiple disconnecting 
means. Each disconnecting means is 
required to simultaneously discon-
nect all ungrounded conductors that 
it controls. Each disconnecting means 
shall be marked to indicate its purpose 
unless located such that the purpose 
is evident. �e disconnecting means 
is required to have an ampere rating 
not less than 125 percent of the total 
load of the motors and the heaters. 
�e provision for locking or adding a 
lock to the disconnecting means shall 
be installed on or at the switch or cir-
cuit breaker used as the disconnecting 
means and shall remain in place with 
or without the lock installed (NEC 
424.19, 110.25 or IRC E4101.5 and Table 
E4101.5).

�e disconnecting requirements can be broken 
down into three broad categories: (1) for heating 
equipment that has supplementary overcurrent 
protection; (2) for heating equipment that does not 
have supplementary overcurrent protection; and (3) 
for heating equipment that has unit switches as the 
disconnecting means. �e rules are further broken 
down depending upon whether the heating equip-
ment has a motor that is ⅛ horsepower or more.

Disconnecting Means for 
Fixed Electric Space-Heating 
Equipment Provided with 
Supplementary Overcurrent 
Protection
�e disconnecting means for fixed electric 
space-heating equipment provided with supple-
mentary overcurrent protection must be within 
sight from the supplementary overcurrent protec-
tive device(s). If the devices are fuses, the discon-
necting means must be located on the supply side, 

Figure 8.3. Disconnecting means within sight of supplementary 
overcurrent protection

Photo 8.3. Fixed electric heating equipment equipped with a unit 
switch



220

and the disconnecting means must comply with 
either of the following conditions:

1. Heater not containing a motor rated over ⅛ 
horsepower. �e disconnecting means or unit 
switches with a marked “off ” position are per-
mitted to serve as the required disconnecting 
means for both the motor controller(s), and 
heater under either of the following:

a) �e disconnecting means provided is also 
within sight from the motor controller(s) 
and the heater.

b) �e disconnecting means provided is ca-
pable of being locked in the open “off ” 
position.

2. Heater containing a motor rated over ⅛ horse-
power. �e disconnecting means is permitted 
to serve as the required disconnecting means 
for both the motor controller(s) and heater by 
one of the means specified below:

a) Where the disconnecting means is in sight 
from the motor controller(s) and the heat-
er and complies with Part IX of Article 
430 (Disconnecting Means for Motors).

b) Where a motor(s) of more than ⅛ hp and 
the heater are provided with a single unit 
switch that complies with the unit switch 
equipment of NEC 422.34, the discon-
necting means shall be permitted to be out 
of sight from the motor controller.[NEC 
424.19(A) or IRC E4101.5, Table IRC 
E4101.5].

Disconnecting Means 
for Fixed Electric Space-
Heating Equipment without 
Supplementary Overcurrent 
Protection
Fixed electric space-heating equipment without a 
motor (such as baseboard heaters) or with a mo-
tor rated not over ⅛ horsepower is permitted to 

be disconnected by the branch-circuit switch or 
circuit breaker where it is within sight from the 
heater. Since the branch-circuit switch or circuit 
breaker is rarely installed to be within sight of the 
heater, it must be capable of being locked in the 
open position if intended to be used as the re-
quired disconnecting means. 

�is requirement for heating equipment makes 
the disconnecting means requirements for these 
heaters identical to those for water heaters or ap-
pliances. For motor-driven electric space-heat-
ing equipment provided with a motor rated 
over ⅛ horsepower, the disconnecting means for 
the heating equipment must be located within 
sight from the motor controller. Where the dis-
connecting means is not within sight from the 
heater, a separate disconnecting means must be 
provided within sight from the controller, or the 
disconnecting means that is located out of sight 
must be capable of being locked in the open po-
sition [NEC 424.19(B), 110.25 or IRC E4101.5, 
Table IRC E4101.5].

Unit Switches as Disconnecting 
Means
Unit switches with a marked “off ” position, that 
are part of a fixed heater and that disconnect all 
ungrounded (hot) conductors, are permitted as 
the disconnecting means required by NEC Ar-
ticle 424 where other disconnecting means are 
provided based on the following types of occu-
pancies.

In two-family dwellings, the other disconnect-
ing means is permitted either inside or outside 
of the dwelling unit in which the fixed heater is 
installed. In this case, an individual switch or cir-
cuit breaker for the unit is permitted and is also 
permitted to control lamps and appliances, such 
as the main service disconnecting means [NEC 
424.19(C)(2)].

In one-family dwellings, the service disconnect-
ing means is permitted to be the other discon-
necting means along with the unit switch [NEC 
424.19(C)(3)].
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Unit switches are sometimes installed 
on wall-insert-type heaters and on por-
table heaters but are seldom seen on 
fixed baseboard heaters.

Thermostatically
Controlled Switching 
Devices
�ermostatically controlled switching 
devices, and combination thermostats 
and manually controlled switches are 
permitted to serve as both controllers 
and the required disconnecting means 
for heaters only when all the following 
conditions are met:

1. �ey are provided with a marked “off ” 
(open) position.

2. �ey directly open all ungrounded (hot) 
conductors when manually placed in the 
“off ” (open) position.

3. �ey are designed so the circuit cannot be 
energized automatically after the device has 
been manually placed in the “off ” open po-
sition.

4. �ey are located within sight of the heat-
er(s) they control. 

Where the thermostat is not within sight 
from all of the heaters that it controls, the 
branch-circuit disconnect or circuit breaker 
supplying that circuit must be capable of being 
locked in the “off ” position. Otherwise, a dis-
connecting means is required within sight of the 
heater(s) [NEC 424.20(A) or IRC E4101.5 and 
Table 4101.5].

�ermostats that do not directly interrupt all un-
grounded (hot) conductors and thermostats that 
operate remote control circuits are not required 
to meet the requirements included above. �ese 
devices cannot be used as the required disconnect-
ing means [NEC 424.20(B) or IRC E4101.5 and 
Table 4101.5].

Where used as disconnecting means, all switch-

es and circuit breakers are required to be of the 
indicating type (NEC 424.21 or IRC E4101.5 
and Table 4101.5).

Overcurrent Protection 
for Electric Space-Heating 
Equipment
Overcurrent protection for fixed electric 
space-heating equipment generally is the 
branch-circuit fuse or circuit breaker. Overcurrent 
protection for motor-operated equipment must 
also comply with NEC Articles 430 or 440 as ap-
plicable [NEC 424.22(A)].

Resistance-type heating elements in electric 
space-heating equipment are required to be pro-
tected at not more than 60 amperes. Equipment 
rated more than 48 amperes, and employing such 
elements, must have its heating elements subdi-
vided, and each subdivided load cannot exceed 48 
amperes. Where a subdivided load is less than 48 
amperes, the rating of the supplementary over-
current protective device is required to be not less 
than 125% of the total load [NEC 424.22(B)].

Supplementary overcurrent protective devices 
for the subdivided loads specified above are re-
quired to be:

1. factory-installed within or on the heater en-

Figure 8.4. Thermostat is permitted as the disconnecting means.
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closure or supplied for use with the heater 
as a separate assembly by the heater man-
ufacturer; 

2. accessible, but not required to be readily ac-
cessible; and are suitable for branch-circuit 
protection [NEC 424.22(C)].

Where supplementary overcurrent protection 
is used for the equipment covered in this chapter, 
it is not required to be readily accessible. Supple-
mentary overcurrent protection cannot be used as 
a substitute for branch-circuit overcurrent devices 
or in place of the protection required for branch 
circuits [NEC 240.10].

Where cartridge fuses are used to provide this 
supplementary overcurrent protection, a single 
disconnecting means is permitted to be used for 
the several subdivided loads [NEC 424.22(C)].

Electric Space-Heating Cables
Heating cables are supplied as a complete factory 
assembly with nonheating leads not less than 2.1 
m (7 ft) in length. Heating cables shall be marked 
with the manufacturer’s identifying name or sym-
bol, catalog number, and rating in volts and watts 
or volts and amperes. Each unit length of heating 
cable is marked  on the nonheating lead within 
75 mm (3 in.) of the terminal end. �e color of 
the marking corresponds to the circuit voltage the 
heating cable was designed to use. �e color yel-
low is used for 120-volt heating cables and red is 
used for 240-volt units (NEC 424.34 and 424.35).

Installation of Other Conductors 
Located above Heated Ceilings
Branch-circuit and feeder wiring located above 
heated ceilings must be located at least 50 mm (2 
in.) above the heated ceiling. Branch-circuit and 
feeder wiring installed in this manner are consid-
ered as operating at an ambient temperature of 
50°C (122°F). �e ampacity of these branch-cir-
cuit and feeder conductors must be computed on 
the basis of the ampacity adjustment factors giv-

en in the allowable ampacity tables of the Code. 
However, if the branch-circuit or feeder conduc-
tors are located above thermal insulation at least 
50 mm (2 in.) thick, the conductor ampacity does 
not have to be adjusted to account for the presence 
of heating cables.

Adjusting the ampacity of the branch-circuit 
conductors due to the higher temperatures in an 
attic or similar location may still be necessary. 
Chapter 1 of this book contains additional infor-
mation on adjusting conductor ampacity for high 
ambient temperatures (NEC 424.36).

Electric Space-Heating Cables, 
Restricted Locations
Electric space-heating cables are not permitted 
to extend beyond the room or area in which they 
originate [NEC 424.38(A)].

Electric space-heating cables cannot be installed 
in closets, over walls, or over partitions that extend 
to the ceiling. Heating cables cannot be installed 
under or through walls or in tub or shower walls. 
Space-heating cables are also prohibited over cab-
inets where the clearance from the ceiling is less 
than the minimum horizontal dimension of the 
cabinet to the nearest cabinet edge that is open to 
the room or area. For example, if the cabinet is 300 
mm (12 in.) deep, the minimum space between the 
cabinet and the ceiling would need to be 300 mm 
(12 in.) if heating cables are installed in the ceiling 
above the cabinet. Isolated single runs of embedded 
electric space-heating cables are permitted to pass 
over partitions that extend to the ceiling.

Use of electric space-heating cable in closet ceil-
ings, as a low temperature heat source to control 
relative humidity, is permitted where it is used 
only in those portions of the ceiling that are unob-
structed to the floor by shelves or other permanent 
luminaires [NEC 410.16 and 424.38(C)].

Clearance of Electric Space-
Heating Cables
Electric heating elements of cables installed in 
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ceilings must be installed so they will be at least 
200 mm (8 in.) away from the edge of outlet box-
es and junction boxes that are used for mounting 
surface-type luminaires. Recessed luminaires and 
their trims, ventilating openings and any other 
such openings in room surfaces require a clear-
ance of not less than 50 mm (2 in.). Proper plan-
ning is essential if surface-mounted luminaires 
are going to be installed. A sufficient area must 
be provided around the proposed location in or-
der to ensure that any surface-mounted units will 
not cover any electric space-heating cable (NEC 
424.39).

Splicing of Space-Heating Cables
Embedded space-heating cables are permitted 
to be spliced only where necessary and only by 
approved means. Where splicing is necessary, 
use a properly sized compression sleeve applied 
with a companion crimp tool. �e length of the 
space-heating cable cannot be altered under any 
circumstances. Reducing the length of the cable 
reduces the cable resistance and increases current 
flow. Increased current flow may cause the cable 
to overheat. Any alterations in these leads, such as 
loose splices, use of improper insulation and im-
properly sized conductors creates a potential fire 
hazard (NEC 424.40).

Installation of Space-Heating 
Cables on Dry Board, in Plaster 
and on Concrete Ceilings
Space-heating cables are not permitted to be in-
stalled in walls, unless they are installed as isolated 
single runs that are run down on a vertical sur-
face to reach a dropped or suspended-type ceiling. 
Space-heating cable have to be installed in accor-
dance with the manufacturer’s instructions.

Adjacent runs of space-heating cable, not over 
9 watts/m (2-¾ watts/foot), must be installed at 
least 38 mm (1-½ in.) on centers.

Space-heating cables are permitted to be in-
stalled only on gypsum board, plaster lath or other 

fire-resistant material. Where metal lath or other 
electrically conductive surfaces are encountered, 
a coat of plaster is required to be applied to the 
metal lath prior to installing the cables. �is will 
effectively separate the metal lath or conductive 
surface from the space-heating cable.

Splices between all heating cables and nonheat-
ing leads, together with at least 75 mm (3 in.) of 
the nonheating leads at the splices, are required to 
be embedded in plaster or dry board in the same 
manner as the heating cable.

�e entire ceiling surface is required to have a 
finish of thermally non-insulating sand plaster 
having a nominal thickness of 13 mm (½ in.). 
Other non-insulating material specifically iden-
tified as being suitable for this use is permitted 
where properly applied in accord with the material 
manufacturers specified thickness and directions.

Electric space-heating cables must be secured 
at intervals not greater than 400 mm (16 in.). 
Permitted means to secure the cable include sta-
pling, tape, plaster, nonmetallic spreaders, or other 
means acceptable to the AHJ. �is distance may 
be increased to a maximum of 1.8 m (6 ft) if the 
cable is identified for the greater distance.

Staples or metal fasteners that straddle the ca-
ble cannot be used in conjunction with metal lath 
or other electrically conductive surfaces [NEC 
424.41(A) through (H)].

Dry Board Installations
In dry board installations, the entire ceiling be-
low the space-heating cable is required to be 
covered with gypsum board not over 13 mm (½ 
in.) in thickness. �e heating cables are installed 
between the upper and lower layers of gypsum 
board. �is may be described as “double dry board 
or sandwich type” construction. �e void between 
the upper layer of gypsum board, plaster lath or 
other fire-resistant material and the surface layer 
of gypsum board must be completely filled with 
thermally conductive, non-shrinking plaster or 
other approved material of equivalent thermal 
conductivity.
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Electric space-heating cables must be 
installed so they will not contact metal 
or other electrically conductive surfaces.

Electric space-heating cables in-
stalled in dry board applications must 
be installed so they are parallel to joists, 
leaving a clear space, centered under 
the joists, of 65 mm (2-½ in.) in width 
between centers of adjacent runs of ca-
ble. �e surface layer of gypsum board 
must be mounted to the ceiling-framing 
members in such a fashion that support-
ing nails, screws, or other fasteners, will 
not pierce the heating cable.

Electric space-heating cables are gen-
erally only permitted to cross joists at 
the ends of the room. �e space-heating 
cable is permitted to cross joists elsewhere so the 
installer can avoid placing the space-heating cable 
too close to ceiling penetrations and luminaires. 
Specific installation details are found in the in-
structions from the manufacturer of the heating 
cables [NEC 424.41(I), ( J)].

Dry board ceilings containing heating cables are 
not permitted to be covered with decorative panels 
or beams constructed of materials that have ther-
mal insulating properties. Common finish mate-
rials such as wood, fiber or plastic have thermal 
insulating properties, and are not permitted to be 
used. Materials such as paint, wallpaper or other 
approved surface finishes are permitted.

Installation of Nonheating Leads 
of Space-Heating Cables
Nonheating leads of electric space-heating cables 
are required to be installed with approved wiring 
methods from the junction box to the heating ca-
ble located within the ceiling. �e nonheating lead 
is permitted to be in the form of single conductors 
installed in approved raceways, single or multicon-
ductor Type UF, Type NMC or other approved 
conductors. Not less than 150 mm (6 in.) of free 
nonheating leads are required to be accessible for 
splicing within the junction box. �e marking of 

these nonheating leads must be visible within the 
junction box [NEC 424.43(A) and 424.43(B)].

Excess leads of space-heating cables cannot be 
cut under any circumstances but are required to be 
secured to the underside of the ceiling and embed-
ded in plaster or other approved material, leaving 
only a length sufficient to reach the junction box 
with not less than 150 mm (6 in.) of free nonheat-
ing lead to be left within the junction box [NEC 
424.43(C)].

Installation of Space-Heating 
Cables in Concrete or Poured 
Masonry Floors
Space-heating cables installed in concrete or 
poured masonry floors must be installed in ac-
cordance with the manufacturer’s instructions. 
�ese manufacturer’s instructions will vary. A 
typical manufactures instructions requirement 
will not permit the space-heating cables to exceed 
54-watts per linear meter (16-½ watts per linear 
foot) [NEC 424.44(A)]. �e spacing between ad-
jacent runs of space heating cables must also be 
installed in accordance with the manufacturer’s 
instructions [NEC 424.44(A)].

Space-heating cables are required to be se-
cured in place by nonmetallic frames, spreaders, 

Photo 8.4. Space-heating cables are required to be secured in place by 
nonmetallic frames, spreaders, or other approved means
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or other approved means while the concrete or 
other finish is being applied. Space-heating cables 
cannot bridge expansion joints unless the cables 
are protected from damage due to expansion and 
contraction. Product instructions may give addi-
tional guidance on proper protection techniques. 
Generally, space-heating cables are required to be 
spaced away from metal objects embedded in the 
floor. Consult the product instructions for specific 
distances. Grounded metal-clad heating cable is 
permitted to be in contact with metal embedded 
in the floor.

Nonheating leads must be protected against phys-
ical damage from the point where they leave the 
floor. Acceptable means of protection include rigid 
metal conduit, intermediate metal conduit, Sched-
ule 80 rigid PVC conduit, electrical metallic tubing, 
or other means acceptable to the AHJ. Bushings or 
approved fittings are required to be used with these 
protective sleeves. A protective bushing or fitting is 
required on the end of the sleeve at the point where 
the leads emerge within the floor slab. Protection 
on the other end may be required if the insulation 
of nonheating lead is subject to damage. For exam-
ple, if EMT is used as the sleeve, the cut ends of 
the tubing should be first reamed out and then a 
bushing or approved fitting attached to both ends. 
[NEC 424.44(E) and (F)].

�e Code contains specific Ground-
fault circuit interrupter (GFCI) provi-
sions for the installation of space-heat-
ing cables located in concrete or poured 
masonry bathroom and kitchen floors 
and in hydromassage bathtub locations. 
GFCI protection for personnel shall 
be provided regardless of the type of 
electrically heated floor system [NEC 
424.44(E)].

Extreme care must be exercised for 
installations of space-heating cables to 
prevent physical damage to the heat-
ing cable assembly. Heating cables are 
required to be inspected, tested, and 
approved before they are permitted to 
be covered or concealed. �e test per-

formed on this type of an installation may be ac-
complished by use of a suitable continuity tester 
or mega-ohm meter (Megger) to make sure no 
damaged or “open” cables are present.

Electric Radiant-Heating Panels 
and Heating Panel Sets 
A heating panel is a complete assembly provided 
with a junction box or a length of flexible conduit 
for connection to a branch circuit. A heating panel 
set is defined as a rigid or non-rigid assembly pro-
vided with nonheating leads or a terminal junction 
assembly that is suitable for connection to a wiring 
system. �e manufacturer will mark each unit with 
an identifying name or symbol. Other required 
markings include the catalog number and the 
rating in volts and watts or in volts and amperes. 
Markings are located so that they are visible prior 
to application of the finish material.

Manufacturers of heating panels or heating panel 
sets provide marking labels. �ese labels will indi-
cate that the space-heating installation incorporates 
heating panels or heating panel sets. �e instruc-
tions will state that these labels are to be affixed to 
the panelboards that supply the panels or panel sets. 
�e label is intended to identify the branch-circuit 
fuse or circuit breaker with the corresponding panel 

Figure .5. Installations of heating cables or panels in oors  FCI 
protection is required.
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or panel set that it supplies. �is helps ensure that 
the branch circuit that supplies the heating panel or 
heating panel set is properly identified.

�e requirement to install the manufacturer’s 
marking labels is more stringent than the gen-
eral requirements for the identification of dis-
connecting means. Heating panels and heating 
panel set installations that are visible and dis-
tinguishable after installation are not required 
to have labels affixed to the panelboard. How-
ever, the general requirements for identification 
of the disconnecting means still apply (NEC 
424.91, 424.92).

Installation Requirements for 
Radiant-Heating Panels and 
Heating Panel Sets
Heating panels and heating panel sets must be 

installed in accordance with the manufacturer’s 
instructions. �ese instructions indicate that the 
heating portion cannot be installed in or behind 
surfaces where subject to physical damage. �ey 
are not permitted to be run through or above 
walls, partitions, cabinets or cupboards, or similar 
portions of structures that extend to the ceiling, or 
run in or through thermal insulation. �e heating 
panel is permitted to be in contact with the surface 
of thermal insulation [NEC 424.93(A)(2)].

�e edges of electric radiant-heating panels 
and heating panel sets must be installed so they 
will be at least 200 mm (8 in.) away from the 
edges of any outlet boxes and junction boxes that 
are used for mounting surface-type luminaires. A 
clearance of at least 50 mm (2 in.) is required 
from recessed luminaires and their trims, venti-
lating openings and other such openings in room 
surfaces. Where specifically listed and marked for 

Photo .5. Ceiling-mounted radiant heating panels (Courtesy of Sun ay Comfort eating Pty td)
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lesser clearances, electric radiant-heating panels 
and heating panel sets can be installed at their 
marked clearances. A sufficient area must be pro-
vided around the location of the panel in order to 
ensure that any surface-mounted units will not 
cover any portion of the panel [NEC 424.93(A)
(3)]. After the heating panels or heating panel 
sets are installed and inspected, a surface such as 
gypsum drywall (Sheetrock) is installed over the 
heating panels or heating panel sets. �e type of 
surface material is identified in the instructions 
provided by the panel manufacturer. Drywall 
(Sheetrock) surface should be secured so nails, 
screws, or other fasteners will not pierce the 
heating panels [NEC 424.93(A)(4)].

Surfaces installed over the heating panels or 
heating panel sets may be covered with paint, 
wallpaper or other approved finish materials as 
identified in the manufacturer’s instructions.

Heating panel sets are permitted to be secured 
to the lower face of joists or mounted in between 
joists, headers or nailing strips. Heating panel sets 
are required to be installed parallel to joists or 
nailing strips.

Nailing or stapling of heating panel sets must be 
accomplished only through the unheated portions 
provided for this purpose. Heating panel sets can-
not be cut or nailed through any point closer than 
6 mm (¼ in.) to the element. Nails, staples or oth-
er fasteners cannot be used where they penetrate 
current-carrying parts. Heating panel sets are re-
quired to be installed as complete units unless they 
are specifically identified as being suitable for field 
cutting in an approved manner [NEC 424.93(B)
(1), (2), (3), and (4)].

Branch-circuit and feeder wiring located above 
heated ceilings must be installed to provide a 
clearance of not less than 50 mm (2 in.) above the 
heated ceiling. Wiring installed in this manner is 
considered as operating at an ambient temperature 
of 50°C (122°F). �e ampacity of these conductors 
would have to be adjusted utilizing the temperature 
correction factors found in the allowable ampacity 
tables of the Code. However, if the branch-circuit 
or feeder conductors are located above thermal in-

sulation at least 50 mm (2 in.) thick, the conductor 
ampacity does not have to be adjusted to account 
for the presence of heating panels. Adjusting the 
ampacity of the branch-circuit conductors due to 
the higher ambient temperatures in an attic or 
similar location may still be necessary.

Any branch-circuit or feeder wiring installed 
behind heating panels or heating panel sets that 
are located in interior walls or partitions is con-
sidered as operating at an ambient temperature of 
40°C (104°F). �e reduced ampacity of this wiring 
is required to be computed based on the ampacity 
correction factors for high ambient temperatures. 
�ese correction factors are part of the appropriate 
allowable ampacity tables. Chapter 1 of this book 
contains additional information on adjusting con-
ductor ampacity for high ambient temperatures 
(NEC 424.95).

Connection to Branch-Circuit 
Conductors
Electric radiant-heating panels or heating panel 
sets are often assembled together in the field to 
form a heating installation in one room or area. 
�is type of heating assembly must be connected 
together in accordance with the manufacturer’s in-
structions [NEC 110.3(B) and 424.96(A) or IRC 
E3403.3].

Heating panel sets must be connected to a 
branch circuit using a wiring method specifically 
identified as being suitable for the purpose. In-
structions for heating panels and heating panel 
sets intended for single conductor supply indi-
cate the type of cable to be used. Types NM and 
NMC are not suitable for use in installing these 
types of radiant heating panels or panel sets. Some 
manufacturers provide a terminal junction assem-
bly. �is type of heating panel set is permitted to 
have its nonheating leads attached at the time of 
installation in accordance with the manufacturer’s 
instructions. �ese connections must be made in 
junction boxes. Open splices to the branch-circuit 
conductors are not permitted.

Excessive lengths of nonheating leads of electric 
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radiant-heating panels or heating panel sets can 
be cut to the required length  as indicated in the 
manufacturer’s installation instructions. �e non-
heating leads are required to meet the installation 
requirements for the type of wiring method used. 
Nonheating leads that are an integral part of an 
electric radiant-heating panel or a heating panel 
set and are not subject to the ampacity require-
ments or correction factors.

Installation in Concrete or Poured Masonry 
Electric radiant-heating panels or heating panel 
sets should be secured in place by the means spec-
ified in the manufacturer’s instructions. �e secur-

ing means must be identified as being 
suitable for the installation.

�ese panels or panel sets cannot be 
installed where they bridge expansion 
joints unless provision is made for ex-
pansion and contraction. Generally, 
spacing is required between electric ra-
diant-heating panels and heating panel 
sets and metal embedded in the floor. 
No specific distance is stipulated by 
the Code. Consult the manufacturer’s 
instructions for specific installation de-
tails. Grounded metal-clad electric radi-
ant-heating panels are permitted to be 
in contact with metal embedded in the 
floor.

Nonheating leads must be protected 
against physical damage from the point 
where they leave the floor. Acceptable 
means of protection include rigid met-
al conduit, intermediate metal conduit, 
Schedule 80 rigid PVC conduit, elec-
trical metallic tubing or other means 
acceptable to the AHJ. Bushings or ap-
proved fittings are required to be used 
with these protective sleeves. A pro-
tective bushing or fitting is required on 
the end of the sleeve at the point where 
the leads emerge within the floor slab. 
Protection on the other end may be re-
quired if the insulation of nonheating 

lead is subject to damage. For example, if EMT 
is used as the sleeve, the cut ends of the tubing 
should be first reamed out and then a bushing 
or approved fitting attached to both ends (NEC 
424.98 and 300.4).

Installation of Radiant-Heating 
Panels or Panel Sets under 
Floor Coverings 
Listed heating panels or panel sets shall be in-
stalled on floor surfaces that are smooth and flat if 
the panel is to be installed under floor coverings. 
�e panels shall be firmly anchored to the floor 

Figure 8.6. Installation of radiant heating panel sets

Figure .7. Answers to figure .2 questions
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using an adhesive or anchoring system identified 
for the use.

�e panel or panel set must be protected from 
expansion and contraction if installed across ex-
pansion joints. After installation, the panels are to 
be inspected prior to covering. �e floor covering 
should be secured to the heating panel with a re-
lease-type adhesive or other approved attachment 
means. �e floor covering must be of a type iden-
tified by the manufacturer of the panel as being 
suitable for the use.

Heating panels and panel sets are required to 
have fault protection. �e manufacturer of the pan-
el shall provide a device that opens the ungrounded 
conductors when it detects a low- or high-resis-
tance fault. �e device must detect line-to-line, 
line-to-ground, and line-to-grounded conductor 
faults. One way such a fault occurs is from a sharp 
object penetrating a heating element. An internal 
grounding shield is one method used to provide 
line-to-ground protection.

Product Safety Standard 
Requirements
It is recommended that the following electrical 
product safety guide card information and prod-
uct safety standards be consulted for additional 
guidance on the proper installation, operation and 
use of electrical equipment covered in this chapter. 
�e four-letter code in parentheses refers to the 
product category in the Underwriters Laborato-
ries Guide Information for Electrical Equipment 
(UL Product Spec material).

• Electrical Equipment for Use in Ordinary 
Locations (AALZ)

• Baseboard Heaters (KLDR)
• Circuit Breakers, Molded-Case, and Circuit 

Breaker Enclosures (DIVQ)
• Heating and Cooling Equipment (LZFE)
• Radiant Heating Equipment (KQYZ)
• Switches, Enclosed (WIAX)
• Switches, Knife (WIOV)
• Switches, Molded Case (WJAZ)
• Temperature Indicating and Regulating   

Equipment (XAPX)
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Questions
1. Combined thermostats and manually con-

trolled switches can serve as the disconnecting 
means for electric heaters without a marked “off ” 
position.

True ______  False ______

2. Wiring located above ceilings heated by elec-
tric radiant-heating panels shall be spaced not less 
than _____ above the ceiling.

A. 13 mm (½ in.)
B. 19 mm (¾ in.)
C. 25 mm (1 in.)
D. 50 mm (2 in.)

3. A branch-circuit supplying two or more out-
lets for fixed electric space heating equipment in a 
residential occupancy can be rated not over _____ 
amperes.

A. 20
B. 25
C. 30
D. 60

4. Embedded heating cable installations must 
be inspected and approved before being covered.

True ______  False ______

5. An installation of heating cable, except to 
reach a dropped ceiling, cannot be installed in 
walls.

True ______  False ______

6. Heating cables installed by plaster must be 
supported at intervals not exceeding what dis-
tance, unless the cables are identified for a greater 
spacing.

A. 400 mm (16 in.)
B. 425 mm (17 in.)
C. 450 mm (18 in.)
D. 500 mm (20 in.)

7. What is the minimum required clearance 
from an electric space heating cable to the edge of 
an outlet box supplying a recessed luminaire and 
its trim?

A. 25 mm (1 in.)
B. 50 mm (2 in.)
C. 100 mm (4 in.)
D. 150 mm (6 in.)

8. Fixed electric space-heating equipment re-
quiring supply conductors with over ____ insu-
lation must be clearly and permanently marked.

A. 25°C
B. 30°C
C. 45°C
D. 60°C

9. A heating panel set is a rigid or non-rigid as-
sembly that is provided with nonheating leads or 
a terminal junction assembly identified as being 
suitable for the connection to a wiring system.

True _____ False _____

10. In accordance with product instructions 
provided with listed electric baseboard heaters, 
their installation below receptacle outlets may be 
prohibited.

True _____ False _____



Chapter  8 — Fixed Electric Space-Heating Equipment    231

11. Where a motor(s) of more than ⅛ hp and 
the heater are provided with a ____________ , the 
disconnecting means shall be permitted to be out 
of sight from the motor controller.

A. single unit switch
B. double unit switch
C. a locking means
D. knife switch

12. Branch-circuit and feeder wiring are re-
quired to be spaced so that they are not less than 
what distance above the heated ceiling and are 
considered as operating at an ambient tempera-
ture of 50°C (122°F)?

A. 16 mm (⅝ in.)
B. 19 mm (¾ in.)
C. 25 mm (1 in.)
D. 50 mm (2 in.)

13. Heating cables are prohibited in all of the 
following locations, except:

A. In closets
B. Over walls
C. Over kitchen cabinets that are fastened 
 to the ceiling
D. Embedded in concrete or poured 
 masonry floors

14. GFCI protection shall be provided for elec-
trically heated floors in bathrooms, kitchens, and 
in hydromassage bathtub locations.

True _____  False _____ 

15. Heaters installed in an air duct shall be 
__________ as suitable for the installation.

A. labeled
B. listed
C. approved
D. identified

16.  For low-voltage fixed electric space-heating 
equipment, the power unit shall be an isolating 
type with a rated output not exceeding the fol-
lowing:

A. 25 amperes, 30 volts 
B. 60 volts dc
C. Both A and B
D. Neither A and B
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Air-Conditioner and Heat 
Pump Compressor 
Nameplate Information

Reviewing and understanding the information 
on equipment nameplates is an essential step in 
properly evaluating an air conditioner or heat 
pump installation. It simplifies the selection of 
the correct branch-circuit conductor size, the type 
and rating of the overcurrent protection device, 
and the size of the disconnecting means. �e in-
staller or inspector can find most of the necessary 

Chapter 9

Air-Conditioning 
Equipment 
Installations

information by referring to the data plate located 
on the unit. Figure 9.1 and photo 9.1 are examples 
of the type of information found on the nameplate 
for a residential central air-conditioning unit.

Air-conditioning and heat pump equipment 
have a hermetic motor-compressor and are not 
treated the same as a conventional electric motor. 
�e hermetic motor-compressor operates in a 
refrigerant environment. A hermetic motor-com-
pressor does not have a horsepower or full-load 
current rating such as a standard motor. Special 
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terms are used to provide the necessary 
information to install wiring properly 
for this equipment.

One of the terms noted on the name-
plate in figure 9.1 is Compressor RLA, 
which is the rated-load in amperes or 
rated-load current for the motor-com-
pressor. �e value for a given mo-
tor-compressor unit is established by 
the manufacturer. �e rated-load current 
is the current resulting when the mo-
tor-compressor is operated at the rated 
load, rated voltage and rated frequency 
of the equipment it serves. �is value is 
used in calculating the minimum circuit 
ampacity and overcurrent protective de-
vice ratings specified on the nameplate 
for this equipment. �e RLA for the 
compressor in figure 9.1 is 18.0 amperes.

Another term noted on the air condi-
tioner nameplate is Compressor LRA, 
which represents locked-rotor amperes, 
or locked-rotor current, and is the maxi-
mum current flowing to the motor when 
it is in a locked or not turning condition. 
�is value is necessary to ensure that the 
air conditioner disconnecting means and 
controller have proper interrupting ca-
pacities. �e LRA for the compressor in 
figure 9.1 is 96 amperes.

Minimum supply circuit ampacity, or 
similar wording, is the minimum circuit 
ampacity required to select conductor 
size and switch rating for the unit. �is 
value is determined by the following formula:

Minimum Circuit Ampacity =
(RLA x 1.25) + Other Loads

Maximum fuse or circuit breaker size indicates 
the maximum fuse or circuit breaker size permit-
ted. �e manufacturer has selected a rating that 
will permit the motor to start as well as provide 
overcurrent protection. Minimum fuse or circuit 
breaker size indicates the smallest rating that will 

Figure 9.1. Air-conditioning equipment nameplate for dwelling units

Photo 9.1. Air-conditioning equipment nameplate showing maximum 
and minimum fuse or circuit brea er rating as specified by the 
manufacturer

allow the motor to start. �e mark indicating the 
minimum rating of the fuse or circuit breaker is an 
optional marking and is not found on all name-
plates.

Rated load amperes (RLA) are used in calcu-
lating the maximum overcurrent protection per-
mitted for the unit. Later in this chapter we will 
use the information from the nameplate example 
in figure 9.1 to do a sample calculation of an AC 
unit.
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In some cases, the equipment is also marked with 
a branch-circuit selection current (BCSC). �is is 
a value in amperes that must be used instead of 
the rated-load current for determining ratings of 
motor branch-circuit conductors, disconnecting 
means, controllers, and branch-circuit short-cir-
cuit and ground-fault protective devices whenever 
the running overload protective device permits a 
sustained current greater than the rated-load cur-
rent. �e value of branch-circuit selection current 
will always be equal to or greater than the marked 
rated-load current. Where required, the value of 
the branch-circuit selection current will be found 
on the nameplate where the value for rated-load 
current appears. Since the sample air-conditioning 
nameplate data included in this chapter does not 
include a branch-circuit selection current, the rat-
ed-load current (RLA) is used for the calculations 
[NEC 440.2 and 440.4(C)].

Circuit breakers manufactured today are no 
longer required to be HACR rated. An HACR 
circuit breaker is a heating, air-conditioning and 
refrigeration rated circuit breaker. Listed inverse 
time circuit breakers are acceptable for protec-
tion of HVAC equipment without any additional 
marking. Remember that the Code requires com-
pliance with nameplate markings. If the nameplate 
specifies fuses only, substitution of even a listed 
circuit breaker is a violation of NEC 110.3(B) or 
IRC E3403.3. Generally, the manufacturer offers 
a choice of either fuses or circuit breakers. Check 
the nameplate information to make sure.

Branch Circuit Requirements
�e value of rated-load current is the starting 
point for calculating the required ampacity of 
branch-circuit conductors and rating of electrical 
equipment for a hermetic refrigerant motor-com-
pressor. Rated-load current is determined by the 
manufacturer and is marked on the nameplate of 
the unit. �is value is necessary to determine the 
rating or ampacity of the disconnecting means, the 
branch-circuit conductors, the controller, branch 
circuit short-circuit and ground-fault protection, 

and the separate motor overload protection [NEC 
440.4(B), 440.35 or IRC E3702.11].

Branch-Circuit Conductor Size 
for Air-Conditioning Equipment
For a typical air-conditioning unit or heat pump 
outdoor unit which has a motor-compressor and 
additional load(s), such as a fan motor, the conduc-
tors supplying this equipment must have an am-
pacity not less than 125% of either the rated-load 
or branch-circuit selection current, whichever is 
larger, plus the full-load current of the fan motor. 
�e values in figure 9.2 are calculated from the 
example nameplate in figure 9.1:

Figure .2. inimum circuit ampacity for figure .1 AC unit

�is value, rounded up to 24 amperes, is the 
minimum supply circuit ampacity stated on the 
nameplate and is the required minimum ampac-
ity of the branch-circuit conductors selected from 
NEC Table 310.15(B)(16) or IRC Table E3705.1. 
Since the equipment nameplate includes this val-
ue, it is not necessary for the installer or inspector 
to perform this calculation.

�e allowable ampacity of a 12 AWG Type TW, 
THW or THWN copper conductor is 25-am-
peres where operated in an ambient temperature 
not exceeding 86°F. Where installed in tempera-
tures in excess of 86°F, the ampacity correction 
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factors listed in the conductor allowable 
ampacity tables must be applied (NEC 
Table 310.15(B)(2)(a) or IRC E3705.2).

�e Code generally limits the overcur-
rent protection of a 12 AWG conductor 
to 20 amperes, unless otherwise spe-
cifically permitted. NEC 240.4(G) and 
Table 240.4(G) permit air-conditioning 
circuit conductors to be protected in ac-
cord with Parts III and VI of Article 440. 
NEC 440.21 specifically states that the 
provisions of Part III add to or amend 
the general requirements for overcurrent 
in Article 240. For example, the air con-
ditioner nameplate marking indicates 
a maximum fuse or circuit breaker size 
of 40 amperes. �e minimum supply 
circuit ampacity is 24 amperes. Consequently, if 
no adjustment for ambient temperature higher 
than 86°F is required; all 12 AWG conductors 
having an allowable ampacity of 25 amperes are 
acceptable as the branch-circuit conductors sup-
plying this unit. However, this does not include 12 
AWG copper conductors that are part of a cable 
assembly such as Type NM or UF which have an 
allowable ampacity of 20 amperes at 60°C. �e 
conductor ampacity requirements for Type NM 
and UF cable at NEC 334.80 and IRC E3705.4.4 
limit the ampacity of these conductors to the 60°C 
column of NEC Table 310.15(B)(16) or IRC Ta-
ble E3705.1. In the IRC, Section E3705.5.4 refers 
back to Section E3702.11.

�e concept for protection where a 12 AWG 
copper wire with an ampacity of 20 amperes is 
permitted to have overcurrent protection of 40 
amperes is as follows:

1. �e 40-ampere fuse or circuit breaker at the 
origination of the circuit will protect the con-
ductors from a short circuit and a ground fault. 
A short-circuit or line-to-line fault is where 
the ungrounded (hot) conductors fault to-
gether. A ground fault is where the unground-
ed (hot) conductor(s) fault to the equipment 
grounding conductor or grounded equipment. 

2. �e conductor is protected from overload by 
the running overcurrent device. �e overload 
device may be a separate device. A thermal 
element built into a motor controller is one 
type of overload. �e overload for a hermet-
ic motor-compressor is usually contained in 
the motor housing and directly senses motor 
temperature.

�e combination of the two elements provides 
the overcurrent protection necessary for the safe 
and proper operation of motor operated equip-
ment.

Branch Circuit Maximum 
Overcurrent Protection Rating
�e Code requires that the branch-circuit overcur-
rent protection be capable of carrying the start-
ing current of the motor. �e maximum rating is 
175% of the rated-load current of the hermetic 
refrigerant compressor motor. If this value is not 
sufficient to allow the motor to start, the rating or 
setting can be increased to allow the motor to start 
but cannot exceed 225% of the rated-load current.

A typical AC unit or heat pump will contain a 
hermetic refrigerant compressor motor plus one 
or more fan motors. �e branch-circuit protective 

Figure 9.3. Branch circuit size must meet the minimum circuit 
amperes required by the nameplate
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device provides short-circuit and ground-fault 
protection for these motors. �e rated-load cur-
rent(s) for these motors are added to the adjusted 
value of the hermetic refrigerant motor-compres-
sor RLA in order to determine the maximum 
rating or setting of the branch-circuit protective 
device. Using the values for RLA for all motors 
listed on the nameplate in figure 9.1 the maximum 
rating or setting of the fuse or circuit breaker is 
based on calculations of figure 9.4.

If this calculated value is not a standard current 
rating of an overcurrent protective device, the Code 
requires use of the next lower standard rating. In 
this example, the next lower standard device is 40 
amperes, as stated on the sample nameplate. It is 
not necessary to actually perform this calculation 
in the field. �e manufacturers of the AC unit or 
heat pump calculate the value and determine the 
maximum rating. �ey include this rating on the 
unit’s nameplate. A lower rating protective device 
is permitted as long as the fuse or circuit breaker is 
capable of carrying the starting current of the unit.
If the nameplate includes a “MINIMUM FUSE 
OR CIRCUIT BREAKER SIZE,” then the Code 
would also require compliance with that marking, 
in addition to the marking of the “MAXIMUM 
FUSE OR CIRCUIT BREAKER SIZE.” A fuse 
or circuit breaker rated lower than the minimum 
value marked on the nameplate will not be capable 
of carrying the starting current of the unit.

Disconnecting Means Rating
Where the air-conditioning or heat pump com-
pressor unit consists of a hermetic refrigerant 
motor-compressor(s) in combination with other 
loads, such as the fan motor, the horsepower rating 
of the disconnecting means is based on the sum-
mation of all currents at rated-load condition and 
also at locked-rotor condition.
Using the nameplate information from figure 9.1., 
the 18.0-ampere RLA of the compressor motor 
is added to the 1.3 ampere FLA of the fan motor. 
�e total of 19.3 amperes is then considered to 
be the equivalent full-load current for the com-

bined load. According to NEC Table 430.248, the 
full-load current rating of a 230-volt, single-phase, 
3-horsepower motor is 17 amperes, while the full-
load current rating of a 230-volt, single-phase, 
5-horsepower motor is 28 amperes. Consequently, 
since the equivalent full-load current of the ex-
ample A/C unit is 19.3 amperes, we must use the 
next higher rating, and the disconnect switch must 
have a minimum of a 5-horsepower, 230-volt, sin-
gle-phase rating.

�e ampere rating of the disconnecting means 
must also be at least 115% of the sum of all cur-
rents at rated-load condition. �is minimum rat-
ing would then be 115% x 19.3 amperes = 22.3 
amperes. If the disconnecting means includes or 
serves as the branch-circuit overcurrent protection 
for the unit, the rating required for the overcurrent 
device, rather than this minimum rating, would 
generally be the determining factor in sizing the 
disconnecting means. A fused disconnect switch 
containing either the maximum or minimum sizes 
of fuses listed on the nameplate would exceed this 
115% minimum requirement. However, if an un-
fused disconnect switch is used as the disconnect-
ing means, then the larger of the two values ob-
tained by the 115% calculation and the equivalent 
horsepower rating would establish the minimum 
switch rating.

Figure 9.4. Maximum branch-circuit short-circuit and 
ground-fault protection for figure .1 AC unit
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�ere is another consideration in establish-
ing the correct size of the disconnecting means 
serving the air-conditioning unit. �e discon-
necting means rating must also be based on cur-
rents at locked-rotor condition (refer to NEC 
Table 430.251(A), which lists various values of 
locked-rotor current and an equivalent horsepow-
er rating).

In our example, the nameplate indicates that 
the motor-compressor LRA is 96 amperes. �e 
nameplate does not give a LRA for the fan mo-
tor. A typical assumption for AC motors is to 
suppose the LRA is six times the FLA. For the 
fan motor in the example, this gives an approx-
imate value for LRC of 6 x 1.3 amperes = 7.8 
amperes. Adding this to the motor-compres-
sor LRA of 96 amperes gives us an equivalent 
LRA for the combined load of 103.8 amperes. 
Referring to Table 430.251(A), we find that for 
a single-phase, 230-volt motor with a 103.8 
amperes motor locked-rotor current, the equiv-
alent horsepower rating falls between 3 and 5 
horsepower. A 3-horsepower disconnect switch 
would be slightly undersized. �e disconnect-
ing means for the unit should be based on a 
5-horsepower rating.

Disconnecting Means Location 
for Air-Conditioning Equipment
A disconnecting means is required to be located 
“within sight from and readily accessible” from 
the air-conditioning equipment. �e following 
two definitions must be clearly understood.

In Sight From (Within Sight From, Within 
Sight): Where the Code specifies that one equip-
ment shall be “in sight from,” “within sight from,” 
or “within sight” of another equipment, the speci-
fied equipment is to be visible and not more than 
15 m (50 ft) distant from the other.

Accessible, Readily (Readily Accessible): “Capable 
of being reached quickly for operation, renewal, 
or inspections, without requiring those to whom 
ready access is requisite to take actions such as to 
use tools (other than keys), to climb over or under, 

to remove obstacles, or to resort to portable lad-
ders, and so forth.”

�is disconnecting means can be installed on or 
within the air-conditioning equipment.

A disconnecting means that is field-mounted 
directly on the equipment must be mounted in a 
manner that will not restrict access through pan-
els designed to allow service and repair operations 
and access to the components inside the unit. �is 
field-mounted disconnecting means also must 
not obscure the equipment nameplate(s). An air 
conditioner or heat pump compressor is generally 
located on a concrete pad outside the dwelling. It 
may also be located under the house in a properly 
ventilated crawl space or on the roof. It is import-
ant to remember that the definitions of within 
sight and readily accessible have a significant 
meaning in this application.

�e disconnecting means is usually located 
next to the air-conditioning unit and is, therefore, 
considered as being readily accessible. Access to 
the disconnecting means may be restricted if it is 
located above or behind the unit. If the discon-
necting means is likely to require examination, 
adjustment, servicing, or maintenance while ener-
gized (and it will), sufficient working space should 
be provided. �e proper location is subject to the 
judgment of the authority having jurisdiction.

Photo 9.2. Disconnecting means is required to be within 
sight from and readily accessible from the equipment.
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�e purpose of the required discon-
necting means is to provide a ready and 
visible means of disconnection for the 
person who will service or repair the 
equipment. At dwelling units, a locking 
type of disconnecting means located out 
of sight from the unit is not an acceptable 
alternative for air-conditioning equip-
ment (NEC 440.14 or IRC E4101.5 and 
Table E4101.5).

Attachment plug and receptacle com-
bination is considered the disconnecting 
means for most cord- and plug-connect-
ed equipment, such as room air condi-
tioners.

Working Space
Working space about electrical equipment, such as 
an AC unit disconnect, that is likely to “require ex-
amination, adjustment, servicing, or maintenance 
while energized” must be provided in accordance 
with NEC Table 110.26(A) or IRC E3405.2. �e 
working clearance must be in the direction of ac-
cess to the equipment, or the part of the equip-
ment, that is likely to be worked on while there 
are live, exposed parts. It is common for service 
persons to examine or test this equipment while it 
is energized. Safe access must be provided to the 
control equipment within the unit. �e minimum 
dimensions of this working space are 762 mm (30 
in.) wide and 914 mm (36 in.) deep. Compliance 
with this working space rule requires that con-
sideration be given to providing safe access at the 
time the equipment is being installed. Clear work-
ing space is required in front of removable panels 
on this equipment that give access to the live parts 
that are to be tested or examined and will not re-
quire the worker to have to possibly stretch out 
across or lie on the AC unit itself to achieve this 
examination, etc.

In addition to adequate working space, service 
personnel often require power for portable electri-
cal tools and equipment associated with servicing 
air-conditioning equipment. �e Code recognizes 

Figure .5. Disconnect is to be located within sight from and readily 
accessible from the air-conditioning equipment

Photo 9.3. A receptacle is required within 7.5 m (25 ft) and 
on the same level as the air-conditioning equipment

the need for a service receptacle to be installed 
near this equipment for this purpose. A 125-volt, 
15- or 20-ampere receptacle for servicing air-con-
ditioning and refrigeration equipment is required 
to be located not less than 7.5 m (25 ft) from, and 
on the same level as, the equipment itself. �e re-
ceptacle must be in a readily accessible location 
from the equipment and must be GFCI-protect-
ed as applicable to outdoor receptacles at dwelling 
occupancies (NEC 210.63 or IRC E3901.12); see 
figure 9.6 and photo 9.3).

Some electrical equipment manufacturers have 
combined the required disconnecting means and 
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Figure 9.6. A 125-volt, single phase, 15- or 20-ampere receptacle is 
required within 7.5 m (25 ft) of air-conditioning equipment

Photo 9.5. Working space is required about electrical 
equipment. Larger A/C unit appears to be violating the 
working space required for the two disconnects.

service receptacle into one product. Separate cir-
cuits for the receptacle and the compressor unit 
are required. �e service receptacle should be a 
weather-resistant, GFCI-protected device and 
the extra duty-rated in-use cover for an outlet box 
hood complying with the requirements of NEC 
406.9(B)(1) or IRC E4002.9 for use in wet loca-
tions. Other listed products, enclosures, or assem-
blies providing weatherproof protection that do 
not utilize an outlet box hood are not required to be 
marked “extra duty.” Per the manufacturer’s spec-
ifications, there is typically a minimum mounting 

height for this product to prevent snow 
or water from entering the opening in 
the bottom of the hinged cover.

Indoor Heat Pump 
Equipment
A heat pump transfers thermal energy 
from one location typically called the 
“source,” which is at a lower temperature, 
to another location called the “sink” or 
“heat sink,” which is at a higher tempera-
ture. A heat pump always moves thermal 
energy in the opposite direction from 
temperature, but a heat pump that main-
tains a thermally conditioned-space can 
be used to provide either heating or cool-

ing, depending upon whether the environment is 
cooler or warmer than the conditioned-space. In 
heating mode the outdoor coil becomes the evap-
orator, while the indoor becomes the condenser 
which absorbs the heat from the refrigerant and 
dissipates to the air flowing through it. In cooling 
mode the outdoor coil is now the condenser. �is 
makes the indoor coil now the evaporator. �e in-
door coil is now the evaporator in the sense that it 
is going to be used to absorb the heat from inside 
the enclosed space. �e evaporator absorbs the 
heat from the inside, and takes it to the condenser 
where it is rejected into the outside air.

With heat pump split systems, an indoor 
air-handling unit is typically installed. Refrig-
erant lines are run from the outdoor unit to the 
indoor unit, with the indoor unit typically being 
located in the crawl space, attic or a utility closet 
or room. �e indoor unit includes a fan for cir-
culating air through the dwelling as well as the 
refrigeration coil. Resistance heating elements 
are sometimes added to the indoor unit to serve 
as backup heat in case of compressor failure. 
�e resistance heating elements will provide ex-
tra heating capacity and promote faster heating 
recovery.

Many of the same rules apply to indoor units as 
apply to electric furnaces. A disconnecting means 
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rated for the load to be served is required 
within sight of the indoor unit. In some 
cases, this disconnecting means consists 
of one or more circuit breakers that are 
located in the unit and are operational 
from outside the unit.

�e minimum size of the branch cir-
cuit to the indoor unit is required to be 
not less than 125% of the resistance heat 
and motor load.

Room Air Conditioners
A room air conditioner is considered as 
an alternating-current appliance that 
is installed in the conditioned room 
and that incorporates a hermetic mo-
tor-compressor. �e room air conditioner may be 
of the air-cooled window, freestanding console, 
or in-wall type. �e following requirements cover 
equipment rated not over 250 volts, single-phase, 
and such equipment may be cord- and plug-con-
nected.

In determining branch-circuit requirements 
for a room air conditioner, a cord- and attach-
ment-plug-connected unit is considered as a 
single motor unit if the rating is not more than 
40 amperes, 250 volts, single-phase. In addition, 
the total rated-load current is shown on the air 
conditioner nameplate and the rating of the 
branch-circuit protective device cannot exceed 
the ampacity of the branch-circuit conductors or 
rating of the receptacle, whichever is less.

�e total marked rating of a cord- and-at-
tachment-plug-connected room air conditioner 
shall not exceed 80% of the branch-circuit rating 
where no other loads are supplied. If the branch 
circuit supplies lighting units or other appliances, 
the rating of the unit cannot exceed 50% of the 
rating of the branch circuit (NEC 440.62 or IRC 
E3702.12).

An attachment plug and properly rated re-
ceptacle or cord connector is permitted to serve 
as the required disconnecting means for a sin-
gle-phase room air conditioner rated 250 volts or 

less if the following conditions are met: (a) the 
manual controls on the room air conditioner are 
readily accessible and located within 1.8 m (6 ft) 
from the floor; or (b) an approved manually op-
erable disconnecting means is installed in a read-
ily accessible location that is within sight from 
the room air conditioner (NEC 440.63).

Where a flexible cord is used to supply a room 
air conditioner, the length of such cord cannot 
exceed (a) 1.3 m (10 ft) for a nominal, 120-volt 
rating; or (b) 1.8 m (6 ft) for a nominal 208- or 
240-volt rating (NEC 440.64).

Single-phase room air conditioners are re-
quired to be provided with either leakage-cur-
rent detector-interrupter (LCDI), heat detecting 
circuit interrupter (HDCI), or arc-fault circuit 
interruption (AFCI) protection. �is protection 
is required only for cord- and plug-connected 
units. �e protective device must be factory in-
stalled and either be an integral part of the at-
tachment plug or be located in the power supply 
cord within 300 mm (12 in.) of the attachment 
plug (NEC 440.65).

�is requirement is intended to protect against 
hazards caused by damaged or broken cord in-
sulation. Seasonal use of room air conditioners 
promotes cord damage unless the unit is stored 
properly.

Figure 9.8. Room air conditioner cord length maximums are based on 
voltage; LCDI or AFCI protection is required for room air conditioners.
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Safety Standard Information 
for Overcurrent Protection 
Requirements for Air-
Conditioning Equipment
�e Code requires that listed or labeled equipment 
be installed, used, or both, in accordance with any 
instructions included in the listing or labeling 
[NEC 110.3(B) or IRC E3403.3].
Qualified laboratories typically list air-condition-
ing and heating equipment in accord with the fol-
lowing standards:

UL 1995, Heating and Cooling Equipment
�is standard covers central heating, 
central air-conditioning, and heat pumps.

UL 484, Room Air Conditioners
�ese product safety standards detail the necessary 
safety tests and determine the required nameplate 
markings and instructions that are included by the 
manufacturer of the equipment. For example, the 
Code would require that the branch-circuit overcur-
rent protective device correspond with the type and 
size specified on the air conditioner nameplate.

For room air conditioners, the nameplate will 
also be marked to show the type and maximum 
size overcurrent protection permitted for the unit. 
Previous comments relative to use of fuses or 
HACR circuit breakers are applicable to room or 
window units as well as to central air conditioners 

and heat pumps. Where a room air conditioner is 
added to an existing dwelling and supplied from 
an existing panelboard or load center, it is import-
ant to verify the branch-circuit overcurrent device 
for the circuit supplying the air conditioner com-
plies with the type and size overcurrent protection 
stated on the unit’s nameplate.

Product Safety Standard 
Requirements
It is recommended that the following electrical 
product safety guide card information and prod-
uct safety standards be consulted for additional 
guidance on the proper installation, operation and 
use of electrical equipment covered in this chapter. 
�e four-letter code in parentheses refers to the 
product category in the Underwriters Laborato-
ries Guide Information for Electrical Equipment 
Directory (UL Product Spec material).

• Electrical Equipment for Use in Ordinary 
Locations (AALZ)

• Heating and Cooling Equipment: Air Con-
ditioners, Central Cooling (LZFE)

• Air Conditioners, Packaged Terminal 
(ACKZ)

• Air Conditioners, Room (ACOT)
• Heating and Cooling Equipment: Heat 

Pumps (LZFE)

References
1National Electrical Code and NEC are registered trademarks of 

the National Fire Protection Association, Inc., Quincy, MA 02169. 

�is reprinted material is not the official position of the National Fire 

Protection Association, which is represented only by the standard in 

its entirety.

2International Residential Code for One- and Two-Family 

Dwellings (2018). Copyright © International Code Council, Inc., 

February 2017.

3Underwriters Laboratories Inc. (UL), Northbrook, IL. UL 

Guide Information for Electrical Equipment Directory (UL Product 

Spec material) unless indicated otherwise.

Photo .6. Typical window room air-conditioner installed in 
a dwelling unit 
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Questions
1. Air-conditioning equipment disconnecting 

means must be readily accessible and never more 
than what distance away from an air conditioner?

A. 15 m (50 ft)
B. 18 m (60 ft)
C. 23 m (75 ft)
D. 30 m (100 ft)

2. A 240-volt single-phase room air conditioner 
may be disconnected from its source of supply by 
an attachment plug and receptacle if its manual 
controls are readily accessible and not more than 
what distance from the floor?

A. 1.8 m (6 ft)
B. 2.0 m (6.5 ft)
C. 2.1 m (7 ft)
D. 2.5 m (8 ft)

3. For a single air conditioner motor compres-
sor, the branch-circuit conductor ampacity must 
be calculated at ___ % of either the motor-com-
pressor rated-load current, or the branch-circuit 
selection current, whichever is greater.

A. 110
B. 125
C. 150
D. 175

4. An air conditioner disconnecting means is 
permitted to be installed on a removable access 
panel of an air-conditioning unit.

True _____ False _____

5. In general, an additional disconnecting means 
is not required for a single-phase, 240-volt, cord- 
and plug-connected room air-conditioning unit.

True _____ False _____

6. �e required ampacity of branch-circuit con-
ductors, and the rating of electrical equipment for 
a hermetic refrigerant motor-compressor, is based 
upon the markings found on the unit nameplate 
giving the rated-load current.

True _____ False _____

7. �e AC unit disconnecting means shall not be 
located on the unit itself where the disconnecting 
means will obscure the equipment nameplate(s).

True _____ False _____

8. �e total marked rating of a cord- and attach-
ment plug-connected room air conditioner shall 
not exceed _____ of the rating of a branch circuit 
where lighting units or other appliances are also 
supplied.

A. 20%
B. 50%
C. 80%
D. 100%
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9. A 125-volt, 15- and 20-ampere receptacle 
for servicing air-conditioning and refrigeration 
equipment is required to be located not less than 
__________ from, and on the same level as, the 
equipment itself.

A. 1.8 m (6 ft)
B. 3.0 m (10 ft)
C. 7.5 m (25 ft)
D. 15 m (50 ft)

10. �e motor-compressor branch-circuit 
short-circuit and ground-fault protective device 
shall be capable of carrying the starting current 
of the motor. �e maximum rating of this device 
is _____ percent of the rated-load current of the 
hermetic refrigerant compressor motor. If this 
value is not sufficient to allow the motor to start, 
the rating or setting can be increased to allow the 
motor to start but cannot exceed _____ percent of 
the rated-load current.

A. 125 / 175
B. 150 / 225
C. 175 / 225
D. 175 / 300

11.  Where a flexible cord is used to supply a 
120-volt rating room air conditioner, the length of 
such cord shall not exceed __________.

A.  900 mm (3 ft)
B. 1.2 m (4 ft)
C. 1.8 m (6 ft)
D. 3.0 m (10 ft)

12.  Single-phase cord- and plug connect-
ed room air conditioners shall be provided with 
which of the following factory-installed devices as 
an integral part of the attachment plug?

A. Leakage-current detector-interrupter 
 (LCDI)

B. Arc-fault circuit interrupter (AFCI)
C. Heat detecting circuit interrupter   

 (HDCI)
D. any of the above
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Chapter 10

Personnel Protection
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There are numerous provisions 
addressed in the Code pertaining 
to personnel protection for one- 

and two-family dwellings. �ese would 
include such things as ground-fault 
circuit-interrupter (GFCI) protection 
and arc-fault circuit-interrupter (AFCI) 
protection. Other utilization equipment 
such as smoke alarms and burglar alarm 
systems addressed by the building codes 
also deliver protection for occupants of 
dwelling units.

�is chapter will focus on these devices 
that, when doing their jobs, deliver a cer-
tain amount of security and safety that 
we often take for granted. 

Definitions
Some of the definitions that will be discussed in 
this chapter include such things as:

Ground-Fault Circuit Interrupter (GFCI). “A 
device intended 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.

Informational Note:  Class A ground-fault cir-
cuit interrupters trip when the current to ground is 
6 mA or higher and do not trip when the current 
to ground is less than 4 mA. For further infor-
mation, see UL 943, Standard for Ground-Fault 
Circuit Interrupters.”

Arc-Fault Circuit Interrupter (AFCI). “A device 
intended to provide protection from the effects of 
arc faults by recognizing characteristics unique to 
arcing and by functioning to de-energize the cir-
cuit when an arc fault is detected.”

Multiple-Station Smoke Alarm. “Two or more 
single-station alarm devices that are capable of 
interconnection such that actuation of one causes 
all integral or separate audible alarms to operate.” 
[IRC Chapter 2 Definitions]

Single-Station Smoke Alarm. “An assembly incor-
porating the detector, control equipment and alarm 

sounding device in one unit that is operated from a 
power supply either in the unit or obtained at the 
point of installation.” [IRC Chapter 2 Definitions]

round-Fault Circuit Interrupter 
( FCI) Principles of FCI 

peration
�e primary function of a GFCI device is to protect 
persons from hazards relating to shock. �e GFCI 
sensing system continuously monitors the current 
balance in the ungrounded (hot) conductor and the 
grounded (neutral) conductor. If the current in the 
grounded conductor becomes less than the current 
in the ungrounded conductor, a ground fault would 
exist. With this fault, a portion of the current re-
turns to the supply source by some path other than 
the grounded conductor. With a current imbalance 
as low as 4–6 mA, the GFCI will interrupt the cir-
cuit and this will be shown by a trip or off indicator 
on the device (see figure 10.1).

For the purposes of determining if a receptacle 
outlet is going to need GFCI protection and a mea-
surable distance is involved [such as within 1.8 m 
(6 ft) of a sink], the distance is required to be mea-
sured as the “shortest path” the cord of an appliance 
connected to the receptacle would follow without 
piercing a floor, wall, ceiling, or fixed barrier, or 
passing through a door, doorway, or window (see 
the parent text at NEC 210.8 or IRC E3902.14).

Figure 10.1. FCI principles of operation
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round-Fault Circuit-
Interrupter Protection  

here equired
A ground-fault circuit interrupter (GFCI) 
is a device that carries current without us-
ing electric energy. A Class A GFCI is in-
tended to minimize electric shock hazards 
for the protection of people. �is is a pro-
tective device that will open a circuit with 
a loss of current within a current range of 
4–6 milliamperes as required by UL 943, 
Standard for Ground-Fault Circuit In-
terrupters. It will function to de-energize 
a circuit or portion of a circuit, within an 
established period of time, where a current 
to ground exceeds some predetermined 

value that is less than that required to operate the 
overcurrent protective device protecting the supply 
circuit (see photo 10.1).

While many features of protective devices pri-
marily protect the electrical system from overcur-
rent, ground faults and short circuits, GFCIs are 
primarily installed to protect people from shock 
hazards. Where GFCI protection is required at 
dwelling units, the Code is not specific as to the 
type of GFCI protection being delivered either by 
GFCI devices (receptacles) or GFCI overcurrent 
devices. �is is solely a design or economic deci-
sion. All GFCI devices required by NEC 210.8 or 
IRC E3902 are required to be installed in a readily 
accessible location. �is requirement would pro-
hibit a GFCI device from being installed under a 
hydromassage bathtub skirt as an example. GFCI 
protection is required for all 125-volt, 15- and 
20-ampere receptacles installed in dwelling units 
at the following locations:

athrooms
All 125-volt, single-phase, 20-ampere recepta-
cles installed in dwelling unit bathrooms must 
be protected by a ground-fault circuit interrupter 
(see photo 10.2). �ere are no exceptions. �ere-
fore, the requirement applies to all receptacles 
of this voltage and rating when they are located 

Photo 10.1.  FCI circuit brea er type installed in panelboard 
protects entire branch circuit

Photo 10.2.  athroom receptacles are required to be FCI-
protected

Figure 10.2. FCI de ices are required to be installed in a readily 
accessible location
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in a bathroom. �is includes recepta-
cles installed in luminaires or intended 
to supply appliances in the bathroom. 
Laundry equipment that is located in 
the bathroom must be GFCI-protect-
ed if supplied by a 20-ampere, 125-volt 
receptacle outlet [NEC 210.8(A)(1) or 
IRC E3902.1].

In accordance with the NEC Article 
100 or IRC Chapter 35, a bathroom is 
defined as an area with a basin and one 
or more of the following being present: 
a toilet, a urinal, a tub, a shower, a bidet, 
or a similar plumbing fixture. One of the 
key words in this definition is the word 
“area” which helps clarify where GFCI 
protection is required and does not limit 
this GFCI protection to just one room 
in the bathroom area (see the definition 
of bathroom in the NEC or the IRC.

arages and Accessory 
uildings

All 125-volt, single-phase, 15- or 20-am-
pere receptacles installed in attached 
or detached dwelling unit garages must 
be protected by a ground-fault circuit 
interrupter. Earlier editions of the Code 
included a few exceptions for GFCI  
protection at select dwelling unit garage 
receptacles. �ese exceptions were re-
moved in the 2008 NEC and the 2009 
IRC. �ese previous exceptions, one of which per-
mitted non-GFCI-protected receptacles where 
they were not readily accessible (such as those 
used for a garage door opener) as an alternative to 
GFCI protection, were removed due to the incon-
sistency of what is considered “readily accessible” 
depending on one’s height and the fact that there 
is no substantiated evidence of a conflict between 
garage door openers and GFCI protection.

�e other previous exception, which permitted 
a single non-GFCI receptacle that was used for 
an appliance located in a dedicated space (such as 

a single receptacle used for the supply to a freezer) 
or a non-GFCI duplex receptacle that supplied 
two appliances that occupied a dedicated space 
(such as a duplex receptacle used for the supply 
to a freezer and a refrigerator), was removed as 
well (see figure 10.4). �ese previous exceptions 
were removed to make certain that all 125-volt, 
single-phase, 15- and 20-ampere receptacles in-
stalled in garages are provided with GFCI protec-
tion for any user of appliances or other equipment 
located in garages, regardless of the receptacle 
location. �e tolerated appliance leakage currents 

Figure 10. . FCI protection is required for all 125- olt receptacles 
installed in bathrooms

Figure 10. .  arage and accessory building receptacle FCI 
requirements
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permitted by today’s appliance product 
standards are far less than the operation-
al threshold of a GFCI. If a GFCI trips 
while supplying a modern appliance 
such as a refrigerator, while utilizing to-
day’s technology regarding GFCIs, this 
is typically an indication of a voltage 
leak out onto the frame of that appliance 
in excess of 4–6 milliampere.

�e requirement for GFCI protec-
tion for garages also applies to accessory 
buildings that have a floor at or below 
grade level. Such buildings have areas 
that are not typically used as habitable 
rooms. Receptacles in storage areas, 
work areas and areas of similar use with-

in such accessory structures require GFCI pro-
tection the same as their counterparts in garages 
[NEC 210.8(A)(2) or IRC E3902.2]

utdoor eceptacles
At a dwelling unit, the Code requires all 125-volt, 
single-phase, 15- and 20-ampere receptacles in-
stalled outdoors to be protected by a ground-fault 
circuit interrupter, with one exception. �is GFCI 
requirement applies regardless of location or ele-
vation on the building, including those installed 
on the roof or under a roof overhang.

An exception excludes GFCI requirements for 
those receptacles that are not readily accessible 
and are installed on a dedicated branch circuit 
for electric snow-melting or deicing equipment 
in compliance with NEC 426.28. NEC 426.28 
requires ground-fault protection of equipment for 
fixed outdoor electric deicing and snow-melting 
equipment, except for equipment that employs 
mineral-insulated, metal-sheathed cable embed-
ded in a noncombustible medium. Ground-fault 
protection (GFP) of equipment cannot be used as 
a substitute for required GFCI protection. It does 
not provide the same level of protection against 
electrocution [NEC 210.8(A)(3) or IRC E3902.3, 
E4101.7].

Figure 10.5.  FCI requirements for outdoor receptacles

Photo 10. .  FCI protection is required for all 125- olt 
receptacles installed in dwelling unit garages

Photo 10. .  Close-up of an outdoor weather-resistant  
tamper-resistant  FCI-protected receptacle
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Crawl Space eceptacles 
and ighting utlets
All 125-volt, single-phase, 15- and 
20-ampere receptacles installed in 
crawl spaces (where the crawl space is 
at or below grade level) are required to 
have GFCI protection for personnel. 
�ese receptacles are often installed for 
sump pumps or for servicing heating or 
air-conditioning equipment installed in 
these crawl spaces [NEC 210.8(A)(4) or 
IRC E3902.4].

Lighting outlets that do not exceed 
120 volts installed in crawl spaces locat-
ed at or below grade level also require 
GFCI protection. Crawl space lighting 
outlets, particularly incandescent light bulb of 
keyless lampholders can easily be accidentally 
broken resulting in possible electrocution upon 
unintentional contact with the live, exposed parts 
of the broken light bulb and the earth. �e num-
ber of open-bulb keyless or pullchain lampholders 
installed in crawl spaces is countless and pose a 
shock hazard when not GFCI protected.

nfinished asements
�e Code requires all 125-volt, single-phase, 15- 
and 20-ampere receptacles installed in unfinished 
basements to have GFCI protection for person-
nel, with one exception.

�e areas of concern here are unfinished 
portions or areas of the basement not intend-
ed as habitable rooms [NEC 210.8(A)(5) or 
IRC E3902.5]. NEC 210.52(G)(3) and IRC 
E3901.9 make it clear that at least one 125-volt, 
single-phase, 15- or 20-ampere receptacle is 
required to be installed in each unfinished por-
tion of a basement. NEC 210.8(A)(5) or IRC 
E3902.5 would demand that GFCI protection 
be provided for each general-use receptacle in 
each portion for the unfinished basement. �e 
building code should be consulted for determin-
ing whether rooms in basements are permitted to 
be classified as habitable spaces.

Habitable space is defined as, “Any space in a 
building for living, sleeping, eating or cooking. 
Bathrooms, toilet rooms, closets, halls, storage or 
utility spaces and similar areas are not considered 
habitable spaces” [IRC R202 Definitions].

�ere is one exception to the requirement of 
GFCI protection of all receptacles in unfinished 
portions of basements. �is exception applies to a 
single receptacle that supplies a permanently in-
stalled burglar or fire alarm system installed in an 
unfinished basement [NEC 210.8(A)(5) Excep-
tion to (5) or IRC E3902.5 Exception]. �e reason 
this exception exist can be traced to NEC Article 
760 for fire alarm systems. NEC 760.41(B) [for 

Figure 10.6.  FCI requirements for crawl space receptacles

Photo 10.5. FCI protection required for crawl space 
lighting outlets



250

non–power-limited fire alarm (NPLFA) 
circuits] and 760.121(B) [for power-lim-
ited fire alarm (PLFA) circuits] prohib-
its GFCI or AFCI protection for the 
branch circuit supplying power to these 
types of fire alarm systems.

Two former exceptions similar to the 
former exceptions for receptacles located 
in garages and accessory structures were 
deleted from the 2008 NEC and the 
2009 IRC. �ese were exceptions that 
applied to receptacles that are not readily 
accessible and receptacles that supplied 
appliances that occupy dedicated spaces. 
Just as in the garage areas, these former 
exceptions no longer apply to the unfin-
ished basement areas.

itchen(s)
All 125-volt, single-phase, 20-ampere 
receptacles installed to serve countertop 
surfaces in kitchens of dwellings are re-
quired to be protected by ground-fault 
circuit interrupters. �ere is no specific 
distance from the kitchen sink for a 125-
volt, single-phase, 20-ampere receptacle 
serving a kitchen countertop to be placed 
in order to require GFCI protection. If 
a 125-volt, single-phase, 20-ampere re-
ceptacle serves a kitchen countertop and 
is located across the room 4.5 m (15 ft) 
from the kitchen sink, that countertop receptacle 
still requires GFCI protection. 

Receptacles specifically for appliances, such as 
refrigerators and freezers, are excluded from hav-
ing to be protected by a GFCI if the receptacles are 
located behind the appliance and are not accessible 
from the counter space (don’t serve a countertop) 
unless these receptacles are located within 1.8 m 
(6 ft) of the top inside edge of the kitchen sink. 
Changes to the 2014 NEC (2015 IRC) at NEC 
210.8(A)(7) and IRC E3902.7 required all 125-
volt, single-phase, 15- and 20-ampere receptacles 
located within 1.8 m (6 ft) of the top inside edge 

of any dwelling unit sink (including the kitchen 
sink) to be GFCI protected. Exception No. 2 to 
210.52(B)(1) or IRC E3901.3, Exception No. 2 
would exempt a kitchen receptacle from GFCI 
protection where that receptacle is supplied for 
refrigeration equipment only and is supplied from 
an individual branch circuit rated 15 amperes or 
greater if it is located more than 1.8 m (6 ft) from 
the top inside edge of the kitchen sink.

Furthermore, GFCI protection would also be 
required for receptacles located within dwelling 
unit kitchen cabinets, such as for a range hood, 
microwave oven, or waste disposal if these recep-

Figure 10.7.  FCI requirements for receptacles in unfinished portions 
of basements

Figure 10. . FCI requirements for counter receptacles in itchens
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tacles are located within 1.8 m (6 ft) of the top 
inside edge of any dwelling unit sink (including 
the kitchen sink) even though they do not serve 
a kitchen countertop. [NEC 210.8(A)(6) or IRC 
E3902.6; see also figure 10.8].

Dwelling nit Sin s
All 125-volt, single-phase, 15- and 20-ampere re-
ceptacles installed within 1.8 m (6 ft) from the top 
inside  edge of the bowl of a dwelling unit sink are 

required to have ground-fault circuit-in-
terrupter protection for personnel. �is 
would include any type of sink, includ-
ing such things as laundry, utility, mud 
room, kitchen, or wet bar sinks located in 
a dwelling unit. �is requirement applies 
to a laundry or utility sink regardless of 
the location, such as in a basement. 

If the receptacle supplying the washer, 
gas dryer, refrigerator, or any other 15- 
or 20-ampere, 125-volt receptacle is lo-
cated within 1.8 m (6 ft) of the laundry 
or kitchen sink, the receptacle(s) must 
be GFCI-protected. �ere are no excep-
tions to this requirement. 

A receptacle installed in a kitchen (not 
serving a countertop or work surface) or 
utility room on the wall that is within 1.8 
m (6 ft) of the kitchen or utility room 
sink, would require GFCI protection even 
though this receptacle is not intended to 
serve the kitchen or utility room counter-
top. For the 2017 NEC or the 2018 IRC, 
a receptacle outlet installed in the cabinet 
below the countertop for something like a 
garbage disposal would not require GFCI 
protection as the measurement for such a 
receptacle is required to be measured from 
the top inside edge of the bowl of the sink 
“without piercing a floor, wall, ceiling, or 
fixed barrier, or passing through a door, 
doorway, or window.” Previous language 
in the Code dealing with wet bar sinks 
indicated that the receptacle had to be 

within 1.8 m (6 ft) of the sink and be intended to 
serve the countertop for GFCI protection to be re-
quired. �is “intended to serve the countertop” lan-
guage is no longer a part of this requirement [NEC 
210.8(A)(7) or IRC E3902.7]. See photos 10.6 and 
10.7 and figures 10.9 and 10.10 for examples of this 
requirement. 

In previous editions of the Code, this specific 
GFCI requirement for dwelling unit sinks was not 
applicable to kitchen sinks as the language at NEC 
210.8(A)(7) or IRC E3902.7 included language 

Figure 10. .  eceptacles within 1.  m (6 ft) of sin s require FCI 
protection.

Figure 10.10.  FCI requirements at dwelling unit sin s  such as a 
laundry room sin
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specifying this requirement was for sinks “located 
in areas other than kitchens.” �is language and 
exclusion of kitchen sinks was removed for the 
2014 NEC and 2015 IRC. [See NEC 210.8(A)(7) 
and IRC E3902.7].

athtubs or Shower Stalls
Receptacle outlets installed around bathtubs or 
shower stalls” require GFCI protection for all 125-
volt, single phase, 15-and 20-ampere receptacles 

installed within 1.8 m (6 ft) of the outside edge of 
a dwelling unit bathtub or shower stall even if these 
bathtub or shower stalls are not located in a defined 
bathroom. Bathtubs or shower stalls are not always 
located in an area that meets the NEC Article 100 
or IRC Chapter 35 definition of a bathroom. With-
out this provision, any receptacles in such areas not 
defined as a bathroom might not require GFCI 
protection. An example of such an area would be a 
room or area connected to a dwelling unit bedroom 
with a bathtub or shower stall as the only plumbing 
fixture in that particular room or area with a basin 
sink and toilet provided in another common area 

Photo 10.6.  et bar sin  showing FCI receptacle within 
1.  m (6 ft) of sin

Photo 10.7.  FCI protection is required for all 15- or 
20-ampere  125- olt receptacles in laundry areas regardless 
of the presence of a sin .

Photo 10. . FCI protection is required for all 15- or 
20-ampere  125- olt receptacles within 1.  m (6 ft) of the top 
inside edge of sin s (including itchen sin s)

Photo 10. .  FCI required for laundry area receptacles 
regardless of the presence of a sin
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off of that bedroom. �e definition of a bathroom 
in NEC Article 100 or IRC Chapter 35 calls for 
a bathroom to be “an area including a basin with 
one or more of the following: a toilet, a urinal, a 
tub, a shower, a bidet, or similar plumbing fixtures.” 
Without a basin and any of the other plumbing fix-
tures listed in the definition present in one area, this 
area would not meet the definition of a bathroom 
and not fall under the GFCI provisions of NEC 
210.8(A)(1) or IRC E3902.1. [NEC 210.8(A)(9) 
or IRC E3902.8].

aundry Areas
GFCI protection is required for all 
125-volt, single phase, 15-and 20-am-
pere receptacles installed in a laundry 
room or area. As with previous editions 
of the Code, the presence of a laundry 
room sink is no longer the driving factor 
whether GFCI protection is required 
or not. Laundry areas typically involve 
electrical appliances and the presents 
of water with a resulting increased risk 
of electric shock hazards. �is GFCI 
requirement for laundry areas address-
es this increased shock hazard risk and 
is consistent with other NEC require-
ments for GFCI protection of recepta-
cles in areas in close proximity of water. 
As the requirements for GFCI protec-
tion has been expanded throughout the 
NEC over the last 16 Code cycles, the 
amount of electrical shock incidents re-
lated to consumer products have contin-
ued to decline over that time. Increased 
usage of GFCI protection for personnel 
at receptacles of residential homes is 
a highly effective means of further re-
ducing the potential for electrical shock 
hazards. [NEC 210.8(A)(10) or IRC 
E3902.9].

oathouses and oat 
oist

All 125-volt, single-phase, 15- or 20-am-
pere receptacles installed in dwelling unit boat-
houses used for storage or work areas shall have 
ground-fault circuit-interrupter protection for 
personnel [NEC 210.8(A)(8) or IRC E3902.11]. 
�e Code also requires GFCI protection for out-
lets that supply boat hoists associated with dwell-
ing units. �is requirement applies to all boat hoist 
outlets not exceeding 240 volts, 15-and 20-ampere 
branch circuits. Note that the requirement applies 
to receptacle outlets and permanently connected 
boat hoists [NEC 210.8(C) or IRC E3902.9].

Figure 10.11.  FCI requirements at dwelling unit bathtub or shower 
stall areas (area on the left side of illustration does not met the 
definition of a bathroom)

Figure 10.12.  FCI requirements at dwelling unit laundry areas
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Figure 10.1 .  urial depth allowances for underground wiring at 
dwelling units with FCI protection

Photo 10.10 FCI protection is required for all outlets not 
exceeding 2 0 olts that supply dwelling unit boat hoist

Photo 10.11.  GFCI required for dishwashers

Dwelling nit itchen 
Dishwasher ranch 
Circuit
GFCI protection is required for all 
outlets that supply dishwashers in-
stalled in dwelling units. �is would 
include a receptacle outlet or a hard-
wired outlet for a dishwasher. Mod-
ern-day electronically controlled dish-
washers have different failure modes 
than their electromechanical ancestors. 
�e electronic components of today’s 
modern dishwashers can result in a 
greater “end of life” arc flash of ground 
fault, which can result in increased risk 
of electrical shock. �is can be miti-

gated by providing GFCI protection for outlets 
supplying dishwashers. [NEC 210.8(D) or IRC 
E3902.10]. On a related topic, keep in mind 
that if a dishwasher is cord-and-plug connected, 
the receptacle outlet for a built-in dishwasher 
is required to be located in the space adjacent 
to the space occupied by the dishwasher [NEC 
422.16(B)(2) and IRC E4101.3 and Table 
E4101.3]. See Chapter 7 of this manuscript for 
more specific details on the wiring methods for 
dwelling unit dishwashers.

nderground- esidential ranch 
Circuits
One hundred twenty-volt (120 volt) branch cir-
cuits installed under residential driveways and 
lawn areas are typically required to be installed 
at least 450 mm (18 in.) to 600 mm (24 in.) 
below grade. However, if the branch circuit for 
these underground conductors are protected by 
an overcurrent device rated at not more than 20 
amperes and are provided with ground-fault cir-
cuit-interrupter (GFCI) protection for person-
nel, the burial depth may be reduced to 300 mm 
(12 in.) [see NEC Table 300.5, Column 4 or IRC 
Table E3803.1]. �e GFCI protection can be in 
the form of an overcurrent device or a receptacle 
device.
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lectrically eated Floors
Ground-fault circuit-interrupter protec-
tion for personnel is required to be pro-
vided for cables installed in electrically 
heated floors of bathrooms, kitchens, 
and in hydromassage bathtub locations.

�is applies where heating cables are 
installed in concrete or poured masonry 
floors to reduce potential shock hazards to 
persons usually with bare feet in these ar-
eas. �is requirement applies regardless of 
the type of floor covering over the concrete 
or poured masonry such as wood flooring, 
ceramic tile, etc., (see figure 10.14). [See 
NEC 424.44(E) or IRC E3902.13]

Swimming Pools and 
Similar Installations
�ere are several ground-fault cir-
cuit-interrupter requirements in NEC 
Article 680 and Chapter 42 of the IRC 
pertaining to swimming pools, spas, hot 
tubs and the like. �ese GFCI require-
ments are discussed in great detail in 
Chapter 14 of this book.

ydromassage athtubs
Hydromassage bathtubs, which are a very 
popular in luxury dwelling units, require 
additional GFCI  protection above that 
required in dwelling unit bathrooms. 
Additionally, all 125-volt, single-phase, 15-, 20-, 
and 30-ampere receptacles within 1.83 m (6 ft) of 
the inside wall of the hydromassage bathtub are 
required to be GFCI-protected. 

�e GFCI device protecting the hydromassage 
bathtub is required to be on an individual branch 
circuit and located in a readily accessible location. 
Per the definition of readily accessible, this would 
prohibit the GFCI device from being installed in 
the space under a hydromassage bathtub since this 
would require the removal of an access door, or in 
the location behind an access panel, etc. 

Luminaires, switches, and other electrical 
equipment associated with or installed around 
hydromassage bathtubs are treated the same as 
regular bathtubs in regard to their installation re-
quirements [See NEC 680.71 or IRC E4209.2].

eplacement eceptacles
In existing dwellings, GFCI protection is required 
for replacement receptacles in any location where 
the receptacle would now require GFCI protection 

Figure 10.1 .  FCI protection is required for heating cables in oors 
of bathrooms  itchens  and hydromassage tub areas.

Figure 10.15. FCI requirements for hydromassage tubs
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An arc-fault circuit interrupter (AFCI) is 
a device intended to provide protection 
from the effects of arcing type faults. �e 
device recognizes the characteristics that 
are unique to arcing, and will cause the 
affected circuit to be quickly de-energized 
when it detects a sustained arcing type 
fault (see photo 10.12).

�e arc-fault circuit interrupter does 
not protect people from electric shock in 
the manner of ground-fault protection for 
personnel. It also is not intended to take 
the place of the overcurrent protective de-
vice located at the source of the circuit. An 
AFCI device will potentially reduce the 
number of residential fires by mitigation of 
arcing effects in damaged electrical wiring. 

�e damaged conductors may be part of 
the permanent wiring of the building or 
any electrical cords and equipment con-
nected to the protected circuit.

�e Code requires the entire branch 
circuit to be AFCI-protected with con-
ditions. �e Code also requires that “All 
120-volt, single-phase, 15- and 20-am-
pere branch circuits supplying outlets or 
devices installed in dwelling unit kitch-
ens, family rooms, dining rooms, living 
rooms, parlors, libraries, dens, bedrooms, 
sunrooms, recreation rooms, closets, 
hallways, laundry areas, or similar rooms 
or areas to be protected by any of the 
means described in NEC 210.12(A)(1) 
through (A)(6) [or IRC E3902.16].” �e 

list of areas in a dwelling unit that are required 
to be provided with AFCI protection includes 
kitchens and laundry areas. �is expansion into 
the kitchens and laundry areas is another step in 
the incremental approach for AFCI protection at 
dwelling units. AFCI protection is required for all 
120-volt, single phase, 15- and 20-ampere branch 
circuits supplying not just outlets but devices in-
stalled in the list of rooms or areas requiring AFCI 
protection. In NEC Article 100 and IRC Chapter 
35, the definition of an outlet is “a point on the 

Figure 10.16. Arc-fault circuit-interrupter protection is required for 
all branch circuits supplying outlets or de ices in many areas of the 
dwelling unit

Photo 10.12.  Combination-type AFCI circuit brea ers protecting the 
entire branch circuit originating from the panelboard

under today’s Code requirements [NEC 406.4(D)
(3)]. An example of this would be at a non-GF-
CI-protected kitchen countertop receptacle or a 
bathroom receptacle being replaced. See Chapter 
16 of this textbook for further information on re-
placement of existing receptacles.

Arc-Fault Circuit-Interrupter 
Protection
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wiring system at which current is taken 
to supply utilization equipment.” �is 
would include receptacle outlets, light-
ing outlets, an outlet for a single-station, 
120-volt smoke alarm, etc. �is defini-
tion does not include a device such as 
a switch. At a switch location, current 
is not taken to supply utilization equip-
ment, the switch allow current to “pass 
through” the switch to supply utilization 
equipment. A device is defined in NEC 
Article 100 and IRC Chapter 35 as “a 
unit of an electrical system, other than a 
conductor, that carries or controls elec-
tric energy as its principal function.” �is 
definition would describe such things as 
a switch.

�e parent text of NEC 210.12 or IRC 
E3902.15 requires all AFCI devices to 
be installed in a readily accessible loca-
tion. �is readily accessible feature to 
this requirement for AFCI devices will 
aid and facilitate the ability to reset the 
AFCI device in the event the AFCI de-
tects an arcing event and interrupts the 
device from delivering current to the 
arc-fault incident.

�e Code describes AFCI protection 
methods in a list format. Provisions 
for outlet branch circuit (OBC) AFCI 
devices as well as provisions for AFCI 
overcurrent devices are permitted with 
conditions. �e Code permits six (6) different op-
tions on how one can deliver the required AFCI 
protection at dwelling units. See NEC 210.12(A)
(1) through (A)(6) or IRC E3902.16 for exact 
Code language. �e first AFCI optional method 
is the most popular method, involving a listed 
combination-type AFCI overcurrent device at the 
origin of the branch circuit (at the panelboard) 
to protect the entire branch circuit. Combination 
AFCI devices provide protection from both paral-
lel (two opposite polarities) and series (break in a 
conductor) arcing events. Manufacturers have in-
tegrated the technology into inverse-time circuit 

breakers as well as other type devices such as out-
let branch circuit (OBC) AFCI receptacle-type 
devices. �e second AFCI option involves a listed 
branch circuit/feeder-type AFCI overcurrent de-
vice installed at the origin of the branch-circuit 
(at the panelboard) in combination with a listed 
outlet branch-circuit (OBC) type AFCI device 
installed at the first outlet box on the branch cir-
cuit being protected. �e first outlet box in the 
branch circuit containing the OBC AFCI device 
must be marked to indicate that it is the first out-
let of the circuit. �e branch circuit/feeder-type 
AFCI devices was pretty much rendered obsolete 

Figure 10.17. Anatomy of an AFCI o ercurrent de ice

Figure 10.1 . Combination AFCI protection protects against both 
parallel and series arcing e ents
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with the requirement for “combination” AFCI 
protection introduced in the 2005 NEC (2006 
IRC) with a future enforcement date of January 
1, 2008. Branch circuit/feeder-type AFCI devices 
provide “series” protection at about 80-85 amperes 
whereas a combination AFCI device will provide 
series protection at around 5 amperes of current. 

�e third AFCI option involves a listed “sup-
plemental” AFCI overcurrent device. �is method 
would require a listed supplemental arc protection 
circuit breaker installed at the origin of the branch 

circuit (at the panelboard) in combina-
tion with a listed outlet branch circuit 
(OBC) type AFCI device installed at 
the first outlet box on the branch circuit. 
�e branch circuit wiring must be con-
tinuous from the overcurrent device to 
the (OBC) type AFCI device located at 
the first outlet box in the branch circuit 
being protected. �is first outlet would 
need to be marked or identified to indi-
cate that it is the first outlet of the circuit. 
Using this “supplemental” AFCI option, 
the maximum length of the branch cir-
cuit wiring from the branch circuit over-
current device to the first outlet cannot 
exceed 15.2 m (50 ft) for a 14 AWG or 
21.3 m (70 ft) for a 12 AWG conduc-

tors.  A shrewd recommendation here would be to 
contact your overcurrent device manufacturer to 
inquire about the availability of a “supplemental” 
AFCI overcurrent device.

�e forth option for delivering AFCI protection 
involves what is referred to as listed “system com-
bination” type AFCI protection. �e system com-
bination-type AFCI protection would involve a 
listed outlet branch circuit (OBC) type AFCI de-
vice installed at the first outlet on the branch cir-
cuit in combination with a standard listed branch 
circuit overcurrent protective device. As with the 
supplemental AFCI protection, the branch circuit 
wiring must be continuous from the branch cir-
cuit overcurrent device to the (OBC) type AFCI 
device and the branch circuit wiring is subject to 
the same length limitations. �e first outlet box in 
the branch circuit would again need to be marked 
to indicate that it is the first outlet of the branch 
circuit. With this type of system, the manufactures 
of the OBC-type AFCI device would need to 
provide the installer and the inspection commu-
nity information in their manufacturer’s specifica-
tions as to the specific brand and type of standard 
overcurrent protective device that can be used in 
conjunction with their OBC-type AFCI device 
that would constitute a “system combination” type 
AFCI protection technique.

Figure 10.1 . AFCI protection can be deli ered in the outlet branch 
circuit ( C) receptacle type or the circuit brea er type

Photo 10.1 . A 125- olt  single-station smo e alarm 
installed in dwelling unit bedrooms  hallways  li ing 
rooms  etc.  requires AFCI protection per C 210.12(A) 
or I C 02.16
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�e fifth AFCI option permits an outlet 
branch-circuit (OBC) type AFCI device to be in-
stalled at the first outlet of the branch-circuit. �e 
branch circuit conductors between the branch-circuit 
overcurrent device and the (OBC) type AFCI device 
at the first outlet have to be installed in RMC, IMC, 
EMT, Type MC, or steel armored cable Type AC, 
meeting the requirements of NEC 250.118 or IRC 
E3908.8 using a metal outlet and/or junction boxes. 
�is option was an exception to NEC 210.12(A) and 
IRC E3902.12 in the 2011 NEC and 2012 IRC and 
previous editions of the Code.

�e sixth option allows an outlet branch-circuit 
(OBC) type AFCI device to be installed at the 
first outlet to provide protection for the remaining 
portion of the branch circuit, where the portion 
of the branch circuit between the branch-circuit 
overcurrent device and the first outlet is installed 
with metal or nonmetallic conduit or tubing that 
is encased in not less than 50 mm (2 in.) of con-
crete. �is option was Exception No. 2 to NEC 
210.12(A) and IRC E3902.12 in the 2011 NEC 
and 2012 IRC and previous edition of the Code.

An Exception to NEC 210.12(A) or IRC 
E3902.16 permits the omission of AFCI protec-
tion for an individual branch circuit to a perma-
nently installed burglar/fire alarm system installed 
in accordance with NEC 760.41(B) or 760.121(B), 
where the individual branch circuit is installed in 
RMC, IMC, EMT, Type MC, or steel armored 
cable Type AC, meeting the requirements of NEC 
250.118 or IRC E3908.8, with metal outlet and 
junction boxes. �is exception does not apply to 
single- or multiple-station smoke alarms, which 
require AFCI protection as an outlet located in 
the areas or rooms mentioned in NEC 210.12(A) 
or IRC E3902.16 of a dwelling. Single and multi-
ple-station smoke alarms are supplied by a branch 
circuit covered by the requirements of NEC Article 
210 and IRC Chapter 37, not through a non–pow-
er-limited fire alarm circuit powered by a fire alarm 
control panel (NEC 210.12 or IRC E3902.16).

It should be noted that several manufactures 
have developed and made available a “dual func-
tion” circuit breaker that delivers both GFCI pro-

tection as well as AFCI protection. �is can serve 
as a convenient solution when branch circuits and 
receptacles require both GFCI and AFCI protec-
tion such as in a kitchen or laundry area.

AFCI Protection for xisting 
ranch Circuit odifications

NEC 210.12(D) or IRC E3902.17 address AFCI 
protection for branch circuit extensions or mod-
ifications at existing dwelling units. �is was in-
troduced in the 2011 NEC and the 2012 IRC. In 
any of the areas specified in NEC 210.12(A) or 
IRC E3902.16 (bedrooms, family rooms, kitch-
ens, etc.), where branch-circuit wiring is modified, 
replaced or extended, the branch circuit must be 
AFCI-protected. �is provision allows the re-
quired AFCI protection to be in the form of a 
listed outlet branch-circuit (OBC) AFCI device 
located at the first receptacle outlet of the existing 
branch circuit to be extended or modified or a list-
ed combination AFCI overcurrent device at the 
existing service or panelboard equipment. For out-
let branch-circuit (OBC) type AFCI devices, the 
first receptacle outlet is specified as the location 
in an effort to limit confusion if the first outlet on 
the existing branch circuit happens to be a switch, 
luminaire, smoke alarm outlet, or something other 
than a receptacle outlet.

Photo 10.1 . The indi idual branch circuit for a power 
source of non power-limited ( P FA) and power-limited 
fire alarm (P FA) circuits are prohibited from AFCI or FCI 
protection per C 760. 1( ) and 760.121( ) respecti ely
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An exception to AFCI “Branch Circuit Exten-
sions or Modifications” was added to the 2014 
NEC and the 2015 IRC to indicate what is con-
sidered a “dwelling unit branch circuit extension” 
and clarifying that branch circuit conductors can 
be extended up to 1.8 m (6 ft.) without AFCI 
protection where no additional outlets or devic-
es are installed. �ere are times when a service 
upgrade occurs at dwelling units. �is action can 
sometimes involve relocation a panelboard loca-
tion, even a short distance, from the original loca-

tion of the existing panelboard location. 
�is situation can easily result in the 
existing branch circuit conductors being 
too short to reach their new location at 
the new panelboard. Often times, these 
branch circuits are spliced and extended 
using the old panelboard cabinet as a 
junction box with the busbars removed. 
�is is a good example of an extension 
or modification that is exempted from 
AFCI protection with the exception to 
NEC 210.12(D) or IRC E3902.17.

NEC 406.4(D)(4) requires AFCI pro-
tection for replacement receptacle out-
lets supplied by branch circuits that re-
quire AFCI protection elsewhere in the 
Code. �e language allows AFCI protec-
tion to be provided to the replacement 
receptacle by either an AFCI circuit 
breaker or by outlet branch-circuit type 
AFCI device located at the replaced out-
let or upstream on the supplying branch 
circuit. Both the receptacle and circuit 
breaker AFCI will provide protection for 
all receptacles and other outlets that are 
downstream on the branch circuit. �is 
requirement is not addressed in the IRC 
for the 2018 edition.

Tamper- esistant 
eceptacles

Tamper-resistant receptacles are an-
other item which provides protection 

for personnel in dwelling units. Tamper-resis-
tant receptacles feature a built-in shutter system 
that prevents penetration of foreign objects such 
as keys, paper clips, and hair pins from touching 
electrically live components if they are inserted 
into the slots of these receptacles, as they often 
are by young children, age two and under. How-
ever, these shutters do not impair normal cord cap 
insertion, as both the ungrounded and grounded 
conductor slots must be engaged simultaneously 
before the shutters will open. All 125- and 250-

Figure 10.20. Permanently installed burglar/fire alarm system branch 
circuit exempted from AFCI protection

Figure 10.21. Dual function de ices o er both AFCI and FCI 
protection in one de ice
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Figure 10.22. Six options are a ailable for pro iding AFCI protection

volt, 15- and 20-ampere receptacles in areas of 
a dwelling unit referred to in NEC 210.52 and 
550.13 or IRC E3901 are required to be listed 
tamper-resistant receptacles. As NEC 210.52 and 
550.13 or IRC E3901 reference the majority of 
rooms or areas in dwelling units, the requirement 
for tamper-resistant receptacles would include the 
majority of the receptacles in dwelling units [NEC 
406.12 or IRC E4002.14].

An exception to NEC 406.12(A) or IRC 
E4002.14 omits tamper-resistant receptacles in 
four specific conditions or locations of the dwell-
ing. One of the areas addressed by this exception 
deals with receptacles located more than 1.7 m 
(5½ ft) above the floor. NEC 210.52 and 550.13 
or IRC E3901 deals with dwelling unit receptacle 
outlets and, in particular, spacing requirements for 
these dwelling unit receptacles. Required spacing 
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these receptacles are typically not acces-
sible to small children as well. 

�e third part of the exception ad-
dresses a single receptacle or duplex 
receptacle located within a dedicated 
space for appliances. �is will eliminate 
the need for tamper-resistant recepta-
cles to be installed behind dishwashers, 
refrigerators, washing machines, etc. 
Again, these receptacles are typically 
not accessible to small children and the 
need for tamper-resistant receptacles is 
rendered moot. 

�e fourth location identified by the ex-
ception is non-grounding receptacles used 
for replacements of another non–ground-
ing-type receptacle as permitted in NEC 
406.4(D)(2)(a) as there are no known 
125-volt, 15- or 20-ampere non-ground-
ing receptacles listed as tamper-resistant 
receptacles. �is fourth part of the excep-
tion addressing non-grounding receptacles 
is not part of the IRC as the IRC does not 
address non-grounding receptacles.

Smo e Alarm utlets and 
iring

Smoke alarms provide a great deal of 
protection for the occupants of one- and 
two-family dwellings. �ey have become 
mandatory building code requirements 
in recent years and the number of lives 
and properties that have been saved 
due to their expanded use is evidence of 

their worth. Unlike an arc-fault circuit interrupter 
that detects an arcing event before a source of a 
fire can occur, the primary purpose of the smoke 
alarm is early warning for the occupant to evacu-
ate the building. Building code(s) typically require 
smoke alarms (not smoke detectors) in one- and 
two-family dwellings and these requirements are 
consistent with the provisions of NFPA 101, Life 
Safety Load and NFPA 72, National Fire Alarm 
Code. Most building codes adopt NFPA 72 by ref-

Figure 10.2 . xisting branch circuit conductors can be extended up 
to 1.  m (6 ft.) without AFCI protection where no additional outlets or 
de ices are installed

of dwelling unit receptacles must be installed at 
a height below 1.7 m (5½ ft.) to be considered 
as meeting the requirements for wall spacing. 
Receptacles installed above 1.7 m (5½ ft.) are 
not typically accessible and are well out of reach 
of small children and, therefore, do not required 
tamper-resistant receptacles. 

�e second part of the exception exempts re-
ceptacles that are part of a luminaire or appliance 
from tamper-resistant receptacle requirements as 

Figure 10.2 .  AFCI requirements for extended or modified branch 
circuits
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erence. Be sure to refer to the local building code 
official to determine which building code is appli-
cable. �e IRC requires smoke alarms to be listed 
and installed in accordance with the provisions 
of Section R314 and the household fire warning 
equipment provisions of NFPA 72 (IRC R314.1). 
Combination smoke and carbon monoxide alarms 
are permitted to be used in lieu of smoke alarms.

ocation(s)
Smoke alarms are required to be installed in mul-

tiple locations of one- and two-family dwelling 
occupancies. �ere are three specific locations 
where the detection/alarm device is required.

A smoke alarm is required to be installed in 
each sleeping room of the dwelling and outside 
of each sleeping room (see figure 10.26), and on 
each additional story of the dwelling, includ-
ing basements and cellars but excluding crawl 
spaces. Providing smoke alarms in these spaces 
and in other than required spaces provides ad-
ditional levels of protection. In split-level types 
of construction, smoke alarms are required on 
each level where the levels are closed off by an 
intervening door between the levels. Where 
there is no door separating the levels, a smoke 

Table 10.1. Areas equiring Tamper- esistant eceptacles

Photo 10.15.  Tamper-resistant receptacles are 
a ailable in a wide ariety of models for arious 
applications. Courtesy of Pass  Seymour/

egrand

Figure 10.25. xceptions to tamper-resistant receptaclesPhoto 10.16.  Smo e alarm showing power and 
interconnection wiring ( -wire connection) and 
battery bac up
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Figure 10.27.  Smo e alarms are required at each le el and must be 
interloc ed

alarm installed in the upper level is acceptable 
for both levels in cases where the lower level is 
less than one story below the upper level (see 
figure 10.27).

iring and Interconnections
Where more than one smoke alarm is installed 
within an individual dwelling, the smoke alarms 
are required to be interconnected in a manner that 
triggers all alarms to announce if one detects smoke 

(see figure 10.28). �e audibility of the 
alarm must be adequate to be heard in 
all bedrooms of the dwelling and must 
be heard over any background noise with 
all intervening doors closed. Physical 
interconnection of smoke alarms is not 
required where listed wireless alarms are 
installed and all alarms sound upon ac-
tivation of one alarm. Physical intercon-
nection of smoke alarms can be omitted 
where listed wireless alarms are installed 
and all alarms sound upon activation of 
one alarm.

Smoke alarms are listed devices and 
are required to be installed in accordance 
with the installation instructions. Smoke 
alarms are usually installed in dwellings 
inside and outside of each bedroom 
and on each level including basement 
locations. Sometimes central fire alarm 
systems are installed in dwellings, which 
can then be connected to local fire de-
partments and provide annunciation di-
rectly to the fire department in the event 
of an alarm. �is is an added benefit of 
the central alarm that is monitored.

Power Source
Smoke alarms are connected to either 
the local area branch-circuit wiring or 
sometimes to a branch circuit dedicat-
ed to just smoke alarms. A dedicated 
branch circuit for smoke alarms is not 

a mandatory requirement, but an option. �e 
IRC requires that smoke detection devices re-
ceive their power from the building wiring sys-
tem when the building wiring is supplied from a 
commercial source, and requires a battery back-
up when power is interrupted. Wiring circuitry 
is to be permanent and no switch other than 
an overcurrent protective device is permitted in 
the circuit. Smoke alarms are permitted to be of 
the battery-only type where installed in exist-
ing buildings that are remodeled or renovated 

Figure 10.26.  Smo e alarms are required in each sleeping room and 
in each hallway leading to sleeping rooms and must be interloc ed



Chapter  10 — Personnel Protection   265

and fall under the exceptions to IRC Section 
R314.6, or where installed in buildings with-
out commercial power. It is important that the 
battery be changed regularly to ensure proper 
protection (IRC R314.6) (see photo 10.16).

Product Safety Standard 
equirements

It is recommended that the following electrical 
product safety guide card information and prod-
uct safety standards be consulted for additional 
guidance on the proper installation, operation and 
use of electrical equipment covered in this chapter. 
�e four-letter code in parenthesis refers to the 
product category in the UL Guide Information 
for Electrical Equipment Directory (UL Product 
Spec material).

• Equipment for Use in Ordinary Locations 
(AALZ)

• Armored Cable (AWEZ)
• Armored Cable Type AC, Connectors 

(AWSX)
• Flexible Conduit, Liquidtight (DWWY)
• Flexible Metal Conduit (DXUZ)
• Grounding and Bonding Equipment 

(KDER)

• Nonmetallic-Sheathed Cable 
(PWVX)

• Nonmetallic-Sheathed Cable Con-
nectors (PXJV)

• Receptacles for Attachment Plugs 
and Plugs  (RTRT)

• Service Cable (TXKT)
• Underground Feeder and 

Branch-Circuit Cable (YDUX)

eferences
1National Electrical Code and NEC are registered 

trademarks of the National Fire Protection Association, 

Inc., Quincy, MA 02169. �is reprinted material is not 

the official position of the National Fire Protection 

Association, which is represented only by the standard in its entirety.

2International Residential Code for One- and Two-Family 

Dwellings (2018). Copyright © International Code Council, Inc., 

February 2017.

3Underwriters Laboratories Inc. (UL), Northbrook, IL. UL 

Guide Information for Electrical Equipment Directory (White 

Book) unless indicated otherwise.

Figure 10.2 .  Smo e alarms are interloc ed so all sound upon 
acti ation of one alarm
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Questions
1.  Which of the following locations do not re-

quire ground-fault circuit-interrupter protection 
for 125-volt, single-phase, 15- and 20-ampere 
grounded receptacle outlets?

A. bathrooms in dwellings
B. kitchens countertops in dwellings
C. laundry area at dwellings (with no 

laundry room sink present)
D. attic locations with electrical equipment

2.  �e receptacle outlet for refrigeration equip-
ment in a dwelling unit kitchen is permitted to be 
supplied from an individual branch circuit rated 
20 amperes or greater.

True _____ False _____

3. Class A ground-fault circuit interrupt-
ers trip when the current to ground is between 
___________ or higher.

A. 3 to 4 mA
B. 4 to 6 mA
C. 6 to 8 mA
D. 4 to 6 amps

4. All GFCI devices required by NEC 210.8 
or IRC E3902 are required to be installed in a 
__________ location.

A. accessible
B. readily accessible
C. indoor
D. convenient 

5. All 125-volt, single-phase, 20-ampere recepta-
cles installed in dwelling unit bathrooms must be 
protected by a ground-fault circuit interrupter with 
how many exceptions?

A. 0
B. 1
C. 2
D. 3

6. A 125-volt, 15-ampere duplex receptacle in-
stalled in a dwelling unit garage ceiling for a ga-
rage door opener requires GFCI protection.

True _____ False _____

7. An individual branch circuit to a perma-
nently installed burglar/fire alarm system in-
stalled in a dwelling unit bedroom closet where 
the individual branch circuit is installed in RMC, 
IMC, EMT, or steel armored cable, Type AC, 
meeting the requirements of NEC 250.118, with 
______________________ does not require 
AFCI protection.

A. fiberglass insulation
B. metal outlet and junction boxes
C. plastic outlet and junction boxes
D. a sprinkler system

8.  All 125-volt, single-phase, 15- and 20-ampere 
receptacles installed outdoors at dwelling units 
shall be protected by a ground-fault circuit inter-
rupter except for those outdoor receptacles that 
are ___________________ and are installed on a 
dedicated branch circuit for electric snow-melting 
or deicing equipment.

A. located on a balcony
B. not accessible
C. not readily accessible
D. located above direct grade access
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9.  A single non-GFCI receptacle that is used for 
a freezer located in a dedicated space in a dwelling 
unit garage is exempted from GFCI protection.

True _____ False _____

10.  All 125-volt, single-phase, 15- and 20-am-
pere receptacles installed within _____________ 
of the outside edge of a dwelling unit kitchen, 
laundry, utility, or wet bar sink are required to have 
ground-fault circuit-interrupter protection for 
personnel.

A. 900 mm (36 in.)
B. 1.2 m (4 ft)
C. 1.8 m (6 ft)
D. GFCI protection is not required 
 in this location.

11. All 120-volt, single-phase, 15- and 20-am-
pere branch circuits supplying outlets installed in 
which of the following locations require protec-
tion by a listed, combination-type, arc-fault circuit 
interrupter(s).

A. dining rooms
B. closets
C. sunrooms
D. all of the above

12. Generally, a smoke alarm is required to be 
installed in which of the following locations in a 
dwelling unit?

A. outside of each sleeping room
B. garages
C. sleeping rooms
D. A and C

13.  In all areas specified in NEC 210.52 or IRC 
E3901.1, all non-locking type 125-volt, 15- and 
20- ampere receptacles are required to be listed  
__________ receptacles.

A. tamper-proof
B. duplex
C. weather-resistant
D. tamper-resistant

14.  �e GFCI device protecting a hydromassage 
bathtub is required to be __________________.

A. accessible
B. readily accessible
C. the receptacle type GFCI device only
D. listed for a wet location

15.  Which of the following non-locking-type 
125-volt, 15- and 20- ampere receptacles installed 
at a dwelling unit are NOT required to be listed 
tamper-resistant type receptacles?

A. A receptacle located more than 
 1.7 m (5½ ft) above the floor in a living   

 room
B. A receptacle that are part of a luminaire 
 or appliance in a kitchen
C. A receptacle installed “hammer high” 
 in a bedroom
D. Both A and B

16.  __________________ is required for all 
125-volt, single phase, 15-and 20-ampere recep-
tacles installed within 1.8 m (6 ft) of the outside 
edge of a dwelling unit bathtub or shower stall 
even if these bathtub or shower stalls are not lo-
cated in a defined bathroom.

A. AFCI protection
B. A dedicated circuit
C. GFCI protection
D. A single, non-GFCI protected receptacle
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17.  A laundry area requires GFCI protection 
for all 125-volt, single phase, 15-and 20-ampere 
receptacles installed in a laundry room or area.

True _____ False _____

18.  A branch circuit can be modified or ex-
tended up to ________________ without AFCI 
protection where no additional outlets or devices 
are installed.

A. 600 mm (24 in.)
B.  1.8 m (6 ft)
C.  900 mm (3 ft)
D. 1.2 m (4 ft)

19.  GFCI protection is required for all outlets 
that supply dishwashers installed in dwelling units.

True _____ False _____

20.  For the purposes of determining if a recep-
tacle outlet in the vicinity of a sink is going to need 
GFCI protection, the distance is required to be 
measured as __________ the cord of an appliance 
connected to the receptacle would follow without 
piercing a floor, wall, ceiling, or fixed barrier, or 
passing through a door, doorway, or window.

A. the path
B. the shortest path
C. the most direct path
D. the intended path

21. Lighting outlets that do not exceed 
__________volts installed in crawl spaces located 
at or below grade level require GFCI protection. 

A. 30
B. 110
C.  120
D.  240

22. All 125-volt, single-phase, __________ am-
pere receptacles installed in dwelling unit boat-
houses used for storage or work areas shall have 
ground-fault circuit-interrupter protection for 
personnel.

A.  15- or 20-
B.  25-
C.  30-
D.  40-
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General Requirements
Numerous branch circuits are required 
for power and lighting distribution in 

one- and two-family dwellings. �e Code provides 
minimum requirements for the branch circuits 
that supply receptacle, lighting, and appliance out-
lets used in these buildings and related structures. 

Two of the primary requirements for dwelling 
unit branch circuits are the minimum ratings and 
where such circuits are required. �is chapter fo-
cuses on the distribution requirements for power 
and lighting branch circuits based on the mini-
mum requirements of the Code.

Chapter 11

Power and Lighting 
Distribution

Definitions
Branch-circuit is defined as “the circuit conductors 
between the final overcurrent device protecting 
the circuit and the outlet(s)” (NEC Article 100 or 
IRC Chapter 35).

Branch circuits are rated by the ampere rating or 
setting of the overcurrent protective device. Typi-
cal branch-circuit ratings for dwelling units are 15, 
20, 30, 40, and 50 amperes. Where conductors of 
higher ampacity are installed for any reason, such 
as to compensate for voltage drop, the ampere rat-
ing or setting of the specified overcurrent protec-
tive device is required to be used to determine the 
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actual rating of the branch circuit (NEC
210.18 or IRC E3702.2).

For example, this means a 10 AWG 
copper Type THW circuit conductor 
that has an allowable ampacity of 30 
amperes is considered as a 20-ampere 
branch circuit where it is protected by a 
20-ampere overcurrent device. 

Branch-Circuit oltage 
imitations

In dwelling units, voltages are not per-
mitted to exceed 120 volts, nominal, 
between conductors where they supply 
the terminals of luminaires or cord- 
and plug-connected loads operating at 
1440 volt-amperes, nominal or less, or less than ¼ 
horsepower.

Branch circuits energized at up to 120 volts, 
nominal, between conductors are permitted to 
supply the following: terminals of lampholders 
applied within their voltage ratings, auxiliary 
equipment of electric-discharge lamps (see NEC 
410.137 for auxiliary equipment limitations), and 
cord- and plug-connected or permanently con-
nected utilization equipment (NEC 210.6(A) and 
(B) or IRC E3702.1).

inimum Si es and Types of 
Conductors
�e minimum size of conductors used for branch 
circuits, whether solid or stranded, is 14 AWG 
copper or 12 AWG aluminum or copper-clad 
aluminum (NEC 310.106(A) or IRC E3406.3). 
Minimum size of conductors used in Class 1, 
Class 2 and Class 3 circuits are permitted to be 
in accordance with NEC 725.49 and 725.127. 
Similarly, the minimum size of conductors used 
in fire protective signaling circuits is determined 
in accordance with NEC 760.49, 760.127 and 
760.179. �e IRC covers limited energy systems 
and circuits; however, it is limited to Class 2 re-
mote-control, signaling, and power-limited cir-

cuits that are not an integral part of a device or an 
appliance. Other classes of these types of circuits 
or systems are required to follow the provisions of 
NEC Article 725 (IRC E4301.1). See Chapter 17 
of this book for additional information on limited 
energy circuits.

�e ampacity of branch-circuit conductors can-
not be less than the maximum load that will be 
served. Where a branch circuit supplies continu-
ous loads or any combination of continuous and 
noncontinuous loads, the minimum branch-circuit 
conductor size, before application of any adjust-
ment or correction factors, must have an allowable 
ampacity equal to or greater than the noncontin-
uous load plus 125% of the continuous load. Few 
loads in a dwelling occupancy are considered to be 
continuous in nature.

In addition, the conductors of a branch circuit 
supplying more than one receptacle for cord- and 
plug-connected portable loads must have an ampac-
ity of not less than the rating of the branch circuit. 

ranch-Circuit Conductors 
Supplying Specific Appliances 
Ampacity of branch-circuit conductors used to 
supply household ranges, wall-mounted ovens, 
counter-mounted cooking units and other house-

Photo 11.1. ranch circuits connected to circuit brea ers in a 
panelboard
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hold cooking appliances cannot be less than the 
branch-circuit rating and must not be less than 
the maximum load to be served. Where a range 
of 8¾ kW or more in rating is to be supplied, a 
branch-circuit rating of not less than 40 amperes 
is required.

Under certain conditions, branch-circuit 
tap conductors used to supply electric ranges, 
wall-mounted electric ovens and counter-mount-
ed electric cooking units are permitted from a 
50-ampere branch circuit. �ese branch-circuit 
conductors are permitted to have an ampacity of 
not less than 20 amperes and must be sufficient for 
the load to be served. �ese taps cannot be longer 
than necessary for servicing the appliance [see fig-
ure 11.1 and NEC 210.19(A)(3)].

�e neutral conductor of a 3-wire branch cir-
cuit used to supply a household electric range, a 
wall-mounted oven, or a counter-mounted cook-
ing unit is also permitted to be smaller than the 
ungrounded (hot) conductors. �e maximum de-

mand of the range has been computed 
in accordance with NEC Table 220.55 or 
IRC Table E3704.2(2). In no case can 
the ampacity of the neutral conductor be 
less than 70% of the rating of the branch 
circuit. �e grounded conductor (neu-
tral conductor) cannot be smaller than 
10 AWG [NEC 220.61(B)(1) or IRC 
E3704.3].

NEC Table 310.15(B)(16) or IRC 
Table E3705.1 covers the allowable am-
pacity ratings of conductors before any 
correction factors are applied. Ampacity 
values contained in these tables are not 
the conductors’ true ampacity as defined 
in the Code; rather, the table values indi-
cate the amount of current various size 
conductors having the insulation type 
shown are permitted to carry. See Chap-
ter 1 of this text for a more complete 
discussion of the subject including de-
tails for proper application of ampacity 
correction factors.

Branch-circuit conductors supplying 
loads other than cooking appliances are required 
to have an ampacity sufficient for the loads served 
and cannot be smaller than 14 AWG [NEC 
210.19(A)(1) or IRC E3701.2]. 

Branch Circuits Required
�e Code contains specific requirements for pro-
viding branch circuits for general lighting circuits, 
small appliance, laundry, and bathroom branch 
circuits. A summary of the branch circuits re-
quired for dwelling units and the applicable Code 
sections are provided in table 11.1.

General-purpose receptacles in rooms such as 
living rooms and bedrooms in dwelling units are 
permitted to be on the general lighting circuits. 
�e Code does not require that receptacles be on 
different branch circuits from the lighting outlets 
on these general lighting circuits in these areas. 
Electrical designers often specify this separation 
of circuits in commercial and industrial occupan-

Figure 11.1. Taps permitted to itchen appliances

Table 11.1. ranch circuits required for dwelling units
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cies. See information in Chapter 2 for the method 
for determining the minimum number of gener-
al-purpose lighting circuits required.

Other references for branch-circuit installations 
depending on specific equipment are included in 
table 11.2.

ultiwire ranch Circuits
Multiwire branch circuit is defined as a branch 
circuit consisting of two or more ungrounded 
conductors having a potential difference between 
them, and a grounded conductor having equal po-
tential difference between it and each ungrounded 
conductor of the circuit and that is connected to 

the neutral or grounded conductor of the 
system (NEC Article 100 or IRC Chap-
ter 35). 

�e Code requires that each multiwire 
branch circuit be provided with a means to 
disconnect simultaneously all unground-
ed conductors at the panelboard where 
the circuit originates [NEC 210.4(B) or 
IRC E3701.5]. Identified handle ties 
manufactured for the particular brand of 
circuit breaker installed should be used. 
Use of a screw, wire, or a nail tying two 
single-pole breakers together is not ac-
ceptable and does not meet Code require-
ments (see figure 8.3).

All conductors of a multiwire branch 
circuit (including the grounded circuit 
conductor) are required to be grouped 
together in at least one location within 
the panelboard by cable ties, or similar 
means, to identify these circuits as a mul-
tiwire circuit to future users or installers 
of this electrical system. �is grouping 
requirement is not required if the circuit 
enters from a cable or raceway unique to 
the circuit that makes the grouping ob-
vious or if the conductors are identified 
at their terminations with numbered wire 
markers corresponding to the appropriate 
circuit number.

A multiwire branch circuit will often supply 
one common receptacle or other equipment on 
the same yoke or strap. Often the break-off tab 
of the receptacle is removed so that the top and 
bottom half of a receptacle can be energized by 
different circuits from opposite phases. One ex-
ample is where a properly located receptacle outlet 
supplies both a dishwasher and a garbage disposal. 
�e load of each appliance often necessitates that 
each be supplied by a separate circuit. Supplying 
the receptacle with a 3-wire cable and “split-wir-
ing” the receptacle is an efficient way of providing 
power to both appliances.

Disconnecting both ungrounded (hot) conduc-
tors is necessary to help avoid the hazards associ-

Table. 11.2. eferences for branch-circuit installations

Photo 11.2. Ser ice panelboard showing branch circuits  
including multiwire branch circuits (lower right)
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Figure 11.2. ultiwire branch circuits share a common neutral 
conductor

Figure 11. . Identified handle ties are required for multiwire branch 
circuits

ated with the installation of a multiwire 
branch circuit. One hazard is associat-
ed with an open neutral conductor. A 
multiwire circuit typically has 240 volts 
between the ungrounded (hot) conduc-
tors and 120 volts from each of the un-
grounded conductors to the grounded or 
neutral conductor.

Both hot (ungrounded) conductors of 
the multiwire circuit rely on the neutral 
conductor to complete their circuit. �is 
ensures that 120-volts-to-ground loads 
are maintained at the required voltage 
by the common neutral conductor. If the 
neutral conductor is broken or discon-
nected from a device used to complete 
the neutral circuit, the loads beyond 
that point operate in series at 240 volts. 
�is can result in an unbalanced voltage 
across some loads. Higher voltages on 
electronic equipment such as computers, 
televisions, and audio equipment will 
damage the equipment.

An open neutral conductor on a mul-
tiwire branch circuit will produce a po-
tential difference (voltage) between the 
open conductors. �is voltage is a hazard 
to an individual working on the circuit 
and can result in a severe electrical shock.

It is also equally important that each 
ungrounded (hot) conductor contained 
within a 3-wire cable assembly be con-
nected on opposite phases. A properly 
connected neutral conductor in a 3-wire 
cable carries only the unbalanced load. �is is the 
difference between the loads on each phase con-
ductor. If both ungrounded conductors are con-
nected to the same phase, the neutral will carry the 
sum of the currents. �is situation has been the 
cause of conductor failures, some of which have 
caused fires. See figure 11.2 for examples of 3-wire 
circuits that illustrate both “multiwire branch cir-
cuits” and “not multiwire branch circuits.”

�e general rule permits multiwire branch cir-
cuits to be used for the supply of line-to-neutral 

loads. �e Code allows a multiwire branch circuit 
to supply both line-to-neutral and line-to-line 
loads where only one piece of utilization equip-
ment that utilizes electric energy for mechanical, 
chemical, heating, lighting or similar purposes is 
supplied.

Ungrounded (hot) conductors of a multiwire 
branch circuit to supply 240-volt equipment, such 
as an electric range or dryer, are also permitted to 
be supplied by a two-pole circuit breaker. Two-
pole circuit breakers are required where loads are 
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connected line-to-line. Only a two-pole breaker 
will ensure that both poles open when the breaker 
operates due to an overcurrent.

All conductors of a multiwire branch circuit are 
required to originate from the same panelboard 
or similar distribution equipment. In multiwire 
branch circuits, the continuity of a grounded 
(neutral) conductor shall not depend on device 
connections such as lampholders, receptacles, and 
so forth, where the removal of such devices would 
interrupt the continuity of the grounded (neutral) 

conductor (see NEC 300.13(B) or IRC 
E3406.11.2).

quipment rounding 
Conductor  eneral
�e equipment grounding conductor is 
the key part of the electrical safety circuit 
that enables the fuse or circuit breaker to 
function in the event of a ground fault. 
Care must be taken when installing 
branch circuits and feeders to ensure the 
integrity and functionality of the equip-
ment grounding conductor. �e equip-
ment grounding conductor of a branch 
circuit can be identified by a continuous 
green color or a continuous green color 
with one or more yellow stripes. It is also 
permitted to be bare. Ungrounded or 
grounded conductors are not permitted 
to be identified using the color green or 
green with yellow stripes.

�e Code requires equipment ground-
ing conductor(s) to be installed in the 
same raceway, cable or cord with the 
circuit conductors. �is keeps the circuit 
impedance as low as possible during 
normal current flow and when fault cur-
rent flows. Keeping the impedance low 
allows high amounts of current to flow 
back to the overcurrent device to facil-
itate the overcurrent device operation. 
Where the cable does not contain an 
equipment grounding conductor, NEC 

250.130(C) must be followed. Replacement of 
receptacles and branch-circuit extensions where 
older installations may not include an equipment 
grounding conductor are covered in greater detail 
in Chapter 16. 

Bare, covered or insulated equipment grounding 
conductors are permitted. An individually covered 
or insulated equipment grounding conductor is 
one that has a continuous outer finish that is either 
green, or green with one or more yellow stripes. �e 
Code permits an insulated or covered conductor 4 

Figure 11. . Continuity is required for grounded (neutral) conductor 
where multiwire branch circuits pass through outlet boxes.

Figure 11.5. quipment grounding conductor connections at receptacle 
outlet boxes



Chapter  11 — Power and Lighting Distributions  275

AWG or larger to be permanently identified at the 
time of installation as an equipment grounding 
conductor. �e conductor must be identified using 
a permitted method at each end and at every point 
where the equipment grounding conductor is ac-
cessible. �e Code permits identification methods 
such as striping the insulation or covering from 
the entire exposed length of conductor, identifying 
the exposed insulation or covering with a green 
color, or marking the exposed insulation or cov-
ering with green-colored tape or green-colored 
adhesive labels (NEC 250.119 or IRC E3407.2).

�e Code also includes specific requirements 
for ungrounded (hot) conductor identification. 
Single or multiconductor cables are required to be 
finished so as to be “clearly distinguishable” from 
the neutral conductor (white or gray) and equip-
ment grounding conductors (green, green with a 
yellow stripe, or bare) [NEC 310.110(C) or IRC 
E3407.3].

quipment rounding 
Conductors
�e Code includes a list of acceptable equipment 
grounding conductors for use in wiring systems, 
including wiring methods that are also recognized 
as suitable equipment grounding conductors. 
�ese vary from actual wire conductors to con-
duit and tubing types (see NEC 250.118 or IRC 
E3908.8 for equipment grounding conductors 

suitable for this use). �e minimum size for sep-
arately installed equipment grounding conductors 
must not be less than NEC Table 250.122 or IRC 
Table E3908.12. Equipment grounding conduc-
tor size is based on the rating of the overcurrent 
protective device (circuit breaker or fuse) protect-
ing the branch-circuit conductors. 

quipment rounding Conductor 
Connections
�e Code requires that where circuit conductors 
are spliced together or supply equipment or devic-
es in a box, the equipment grounding conductors 
also be either joined together or all joined to the 
enclosure. �e equipment grounding conductors 
are joined or spliced together in an enclosure with 
an identified wire connector. An alternative is to 
use listed devices such as ground clips or ground 
screws for securing each individual equipment 
grounding conductor to the metal enclosure or 
box. Insulation is not required on the equipment 
grounding conductor(s) splice(s).

An equipment grounding conductor connection 
must be made so any disconnection or removal of 
a receptacle, luminaire or other device supplied 
from the box will not interfere with or interrupt 
the equipment grounding conductor continuity 
downstream. �is is usually accomplished by splic-

Photo 11. . quipment grounding conductor connected to 
metal box using a grounding screw

Photo 11. . quipment grounding conductor connected to 
metal box using a listed grounding clip
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ing the equipment grounding conductors 
together with short “pigtails” or bonding 
jumpers used to connect to the ground-
ing terminal on each switch or recepta-
cle. �at way, the receptacle or switch 
can be removed without disturbing the 
continuity of the equipment grounding 
conductor (NEC 250146 and 250.148 or 
IRC E3908.13 and E3908.14; see pho-
tos 11.3 and 11.4).

Where a metal enclosure is used, a 
connection between one or more equip-
ment grounding conductors is required 
to be made from the splice mentioned 
above to the enclosure by means of a 
grounding screw or listed grounding clip. 
Identified grounding screws typically employ 8-32 
or 10-32 machine threads to maximize the met-
al-to-metal contact. Sheet metal screws or other 
types of screws that do not engage a minimum of 
two threads are not permitted to be used for con-
necting grounding conductors or bonding jumpers 
to enclosures (NEC 250.8 or IRC E3908.15).

�is requirement for grounding a metal box by 
a “grounding screw that shall be used for no other 
purpose” precludes the use of a cable clamp screw 
for connecting the equipment grounding conduc-
tor. Equipment grounding conductors wrapped 
around the outer jacket of an older existing non-
metallic-sheathed cable assembly and secured un-
der a cable clamp where they are back wrapped are 
not, and have never been, permitted to be used as 
the termination to a metal box or other enclosure 
[NEC 250.148(C) or IRC E3908.15].

�e typical metal enclosure (box) is required to 
be provided with a tapped hole engraved with the 
marking “GRND” or “GR” that is to be used for 
this purpose. 

Where a nonmetallic outlet or device box is 
used, the equipment grounding conductors are 
required to be spliced together and so arranged 
inside the nonmetallic enclosure that a connection 
can be made to any fitting or device that requires 
grounding. �is is accomplished by splicing the 
equipment grounding conductors together with 

short “pigtails” or bonding jumpers used to con-
nect to the grounding terminal on each switch, 
receptacle, or mounting bracket for a luminaire. 

ethods of rounding Switches
�e Code requires that snap switches be effectively 
grounded by means of connection to an equipment 
grounding conductor. In addition to grounding 
the switch, a means must be provided to ground 
metal faceplates. �is requirement applies even if 
a nonmetallic faceplate is used with the switch. 
Snap switches are considered effectively grounded 
if either of the following conditions is met.

1. �e switch is mounted with metal screws to 
a metal box or metal cover that is connect-
ed to an equipment grounding conductor, 
or the switch is mounted to a nonmetallic 
box that contains an integral means for con-
necting to an equipment grounding con-
ductor. �e Code does not require the use of 
“self-grounding” snap switches.

2. An equipment grounding conductor or 
equipment bonding jumper is connected to 
an equipment grounding termination of the 
snap switch. If multiple switches are ganged 
together in a single box, each switch must 
be bonded.

Figure 11.6. rounding of switches and metal faceplates is required
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Where an equipment grounding means does not 
exist in the box or where the wiring method does 
not contain an equipment grounding conductor, 
a snap switch having a metal yoke is permitted to 
be installed without being grounded; this applies 
to replacement of switches only. If the switch is 
located within 2.5 m (8 ft) vertically, or 1.5 m (5 
ft) horizontally of earth, grade, concrete floors, or 
other conducting surfaces, a nonmetallic cover 
plate must be installed. A permitted alternative is 
to protect the switch with a ground-fault circuit 
interrupter. Listed switch kits and listed switch 
assemblies constructed with nonmetallic yokes 
and equipped with nonmetallic faceplates are not 
required to be grounded as well. �ese switches are 
not designed for, and have no provisions for, at-
taching a metallic faceplate to them. Snap switch-
es with integral nonmetallic enclosures do not 
need a means of providing a connection to a metal 
faceplate to an equipment grounding conductor as 
these switches incorporate integral nonconductive 
(nonmetallic) faceplates and inherently cannot 
interchange faceplates, metal or otherwise. [NEC 
404.9(B) and Exceptions or IRC E4001.11.1 and 
Exceptions]. See Chapter 16 of this book for addi-
tional information on replacement of switches in 
existing dwellings.

eceptacles and Cord 
Connectors
All receptacles installed in 15- and 20-ampere 
branch circuits are required to be of the ground-
ing type. A grounding-type receptacle is generally 
permitted to be installed only on circuits of the 
voltage class and current for which they are rated. 
Receptacles and cord connectors that have ground-
ing contacts shall have the contacts effectively 
grounded. �is is accomplished by connecting the 
grounding contact(s) to the equipment grounding 
conductor of the branch circuit supplying the re-
ceptacle. Where an effective grounding means ex-
ists, grounding-type receptacles must be used. 

In older, existing dwellings employing non–
grounding-type receptacles, some existing circuits 

may not contain an effective grounding means. In 
this case, non–grounding-type receptacles may 
continue to be used. �e Code also permits a non–
grounding-type receptacle to be replaced with a 
properly marked GFCI receptacle or receptacle 
protected by a GFCI [NEC 406.4(D)(2)]. How-
ever, if the Code requires a particular appliance or 
other cord- and plug-connected equipment to be 
grounded, GFCI protection cannot be used as a 
substitute. Equipment such as refrigerators, freez-
ers, air-conditioners, washing machines, dish-
washers, waste disposers, computers, sump pumps, 
and aquarium pumps and filters are required to be 
grounded via an equipment grounding conductor 
(NEC 250.114 or IRC E4101.3). Chapter 16 of 
this publication has additional information on this 
topic. 

ethods of rounding 
Receptacles
�e branch-circuit cable assemblies or branch-cir-
cuit raceways must include or provide an equip-
ment grounding conductor to which the ground-
ing contacts of the grounding-type receptacle or 
cord connector will be connected. �e equipment 
grounding conductor terminal on a receptacle or 
switch is required to be identified by a:

1. green-colored terminal screw provided with 
a hexagonal head that cannot be easily re-
moved;

2. green-colored hexagonal terminal nut that 
cannot be easily removed; or

3. green-colored pressure wire connector.

Where the terminal for the equipment ground-
ing conductor is not visible, the conductor en-
trance hole is required to be marked with the word 
“green” or “ground” or be otherwise identified as 
required by Code and product standard (NEC 
250.126).

An equipment bonding jumper is used to con-
nect the grounding terminal of the receptacle to 
a grounded box or equipment grounding conduc-
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Figure 11.7. Identification of grounded (neutral) conductors

Figure 11. . hite conductor (re-identified) in cable is power conductor 
(line side) from lighting outlet to -way switches

tor. Where the box is surface-mounted, 
direct metal-to-metal contact between 
the box and the device yoke is per-
mitted as the bonding means. At least 
one of the insulating washers must be 
removed from the receptacle in order 
to accomplish the metal-to-metal con-
tact. An alternative is a contact yoke 
that is self-grounding. �is type of de-
vice is sometimes called a self- or au-
to-grounding receptacle (NEC 250.146 
or IRC E3908.14).

Color Code for ranch-
Circuit Conductors 
�e grounded (neutral) branch-circuit 
conductor is a system or circuit con-
ductor that is intentionally grounded. 
�is conductor is required to be specif-
ically identified by a continuous white 
or gray outer finish, or by three con-
tinuous white or gray stripes on any 
color other than green insulation along 
its entire length [NEC 200.6(A) and 
(B) or IRC E3407.1]. �e Code per-
mits a cable containing an insulated 
conductor with a white or gray outer 
finish or a marking of three continu-
ous white or gray stripes to be used for 
the supply to single-pole, three-way, 
or four-way switches. If used for sin-
gle-pole, 3-way or 4-way switch loops, 
the re-identified conductor can only be used for 
the supply to the switch but not as a return con-
ductor from the switch to the switched outlet, 
such as a luminaire. �is is illustrated in figures 
11.7 and 11.8. In this type of circuit, permanent 
re-identification of the white or gray conductor 
insulation is required. Painting, marking tape, 
or other effective means may be used to meet 
this requirement. Re-identification is required 
where the conductor is visible and accessible, 
including terminations, such as at switches, 
junction boxes, etc.

Remember that permission to re-identify con-
ductors with white or gray or white- or gray-
striped conductor insulation applies only to cable 
assemblies. �e conductor with white or gray or 
other identified insulation in a raceway is not 
permitted to be used as an ungrounded (hot) 
conductor. �e Code does not permit painting, 
taping, or otherwise re-identifying individual 
grounded conductors run through raceways and 
using them as ungrounded phase or equipment 
grounding conductors [NEC 200.7(C) or IRC 
E3407.3 Exceptions].
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ating of ercurrent De ices 
Branch-circuit conductors and equipment are re-
quired to be protected by properly rated and sized 
overcurrent protective devices (NEC 210.20 or 
IRC E3705.5). Where a branch circuit supplies 
continuous loads (three hours or more of con-
tinuous operation) or any combination of con-
tinuous and noncontinuous loads, the rating of 
the overcurrent device shall not be less than the 
noncontinuous loads plus 125% of the continuous 
loads. �is has the effect of limiting the circuit 
and overcurrent device on these loads to not more 
than 80% of their ratings. Most loads in dwellings 
are considered to be noncontinuous loads. Some 
electric swimming pool pump motors and heaters 
can be expected to operate for three hours or more 
continuously and would thus meet the definition 
of a continuous load.

Conductor protection must be in accordance 
with the allowable ampacity tables for the par-
ticular conductor (NEC Tables 310.15(B)(16) 
through 310.15(B)(19) or IRC Table E3705.1). 
�e rating or setting of the overcurrent protective 
device is also not permitted to exceed the values 
specified for equipment.

�e Code does permit the rating of a branch 
circuit supplying a receptacle outlet to exceed the 

ampere rating of the device if two or 
more receptacles or outlets are supplied. 
Proper application of this rule requires 
a brief review of the definition of a re-
ceptacle.

“A receptacle is a contact device in-
stalled 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 mul-
tiple receptacle is two or more contact 
devices on the same yoke.”

Outlet devices are always required to 
have an ampere rating not less than the 
load to be served. A single receptacle is 
required to be rated at not less than that 

of the branch circuit where installed on an indi-
vidual branch circuit. For example, a single recep-
tacle is installed on a 20-ampere branch circuit. 
�is receptacle must have a rating of 20 amperes.

�e rules change where two or more receptacles 
are connected to the same branch circuit. First, a 
receptacle can only be used to supply a cord- and 
plug-connected load equal to or less than the val-
ue specified in either NEC Table 210.21(B)(2) or 
IRC Table E3702.14. For example, a 15-ampere 
receptacle cannot supply more than a 12-ampere 
load.

Second, the receptacle ratings are required 
to conform to the values included in NEC Ta-
ble 210.21(B)(3) or IRC Table E4002.1.2. �is 
permits a 15-ampere receptacle on a 20-ampere 
branch circuit and a 40- or 50-ampere receptacle 
on a 40-ampere branch circuit. A receptacle rated 
at more than 50-amperes cannot be less than the 
rating of the branch circuit. A 60-ampere recepta-
cle must be installed on a branch circuit rated 60 
amperes or less.

aximum oad on ranch 
Circuits
�e total load on any branch circuit cannot exceed 
the actual rating of the branch circuit. Also, the 
branch circuit cannot exceed the maximum loads 

Figure 11. . Typical 125- olt  15-ampere receptacles (single and 
duplex)
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specified below as indicated in NEC
220.18 or IRC E3701.2.

Motor Operated and Combination 
Loads. NEC Article 430 is required to 
be applied where a branch circuit sup-
plies only motor-operated loads. Article 
440 is required to be applied where a 
branch circuit supplies only air-condi-
tioning and/or refrigerating equipment. 
For branch circuits that supply loads 
consisting of motor-operated utilization 
equipment that is fastened in place and 
has a motor rated larger than ⅛ horse-
power in combination with other loads, 
the total computed load must be based 
on 125% of the largest motor load plus 
the sum of all the other loads. 

Inductive and LED Lighting Loads. For circuits 
supplying lighting units having ballasts, such as 
those found in fluorescent luminaires, transform-
ers, autotransformers, or LED drivers, the total 
computed load is required to be based upon the 
total ampere ratings of such units and not on the 
total watts of the lamps. 

Range Loads. Demand factors given in NEC 
Table 220.55 or IRC Table E3704.2(2) are per-
mitted to be applied when calculating the rating 
of a range load branch circuit. Note 4 to NEC Ta-
ble 220.55 is permitted to be used to calculate the 
branch-circuit rating. 

NEC Table 220.55, Note 4, applies to the min-
imum branch-circuit load for electric ranges, 
wall-mounted ovens and counter-mounted cook-
ing units. It permits computing the branch-cir-
cuit load for one range in accordance with NEC 
Table 220.55. �e branch-circuit load for one 
wall-mounted oven or one counter-mounted 
cooking unit must be the nameplate rating of the 
appliance. �e branch-circuit load for a count-
er-mounted cooking unit and not more than two 
wall-mounted ovens, all supplied from a single 
branch circuit and located in the same room, is 
computed by adding the nameplate rating of the 
individual appliances and treating this total as 
equivalent to one range. After doing this, the de-

mand factors of NEC Table 220.55 can be applied 
to the total.

Permissible oads
�e load cannot exceed the branch-circuit am-
pere rating under any circumstance. An individual 
branch circuit is permitted to supply any load for 
which it is rated (NEC 210.22 or IRC E3702.2).

A 15- or 20-ampere branch circuit is permitted 
to supply lighting units, or other utilization equip-
ment, or a combination of both. Small appliance, 
laundry, and bathroom branch circuits are restrict-
ed to supplying receptacle outlets only specified 
in 210.11(C)(1), (2), and (3) or IRC E3703.2, 
E3702.3, and E3702.4 respectively.

�e rating of any one cord- and plug-connected 
piece of utilization equipment cannot exceed 80% 
of the ampere rating of the branch circuit [NEC 
210.23(A)(1) or IRC E3702.12.1]. “�e total 
rating of utilization equipment that is fastened in 
place, other than luminaires, cannot exceed 50% 
of the branch-circuit ampere rating where lighting 
units, cord- and plug-connected utilization equip-
ment not fastened in place, or both, are also sup-
plied” by the branch circuit (NEC 210.23(A)(2) or 
IRC E3702.12.2). In dwelling unit(s), heavy-duty 
lampholders supplied with fixed lighting units 
cannot be supplied by a 30-ampere branch circuit. 

Figure 11.10. eceptacle ratings for indi idual branch circuit and 
general-purpose branch circuits
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A 30-ampere branch circuit can be used 
to supply utilization equipment such as 
electric dryers or water heaters.

A 40- or 50-ampere branch circuit is 
permitted to supply cooking appliances 
that are fastened in place in one- and 
two-family dwelling unit(s).

Branch-Circuit
Requirements — 
Summary
�e requirements for circuits having 
two or more outlets, other than the re-
ceptacle circuits of NEC 210.11(C)(1), 
and (2) or IRC E3703.2, E3702.3, are 
summarized in NEC Table 210.24 and 
IRC Table E3702.14. An outlet or out-
lets installed for the purpose of charging 
electric vehicles are to be supplied by a 
separate branch circuit for electric vehi-
cle charging only. �is circuit shall have 
no other outlets [NEC 210.17 or IRC 
E3702.13].

Common Area ranch 
Circuits
Branch circuits installed in dwelling units 
are permitted to supply only loads with-
in that dwelling unit or loads associated 
only with that dwelling unit. Branch cir-
cuits required for the purpose of lighting, 
central alarm, signal, communications or 
other needs for common or public areas are not per-
mitted to be supplied from an individual dwelling 
unit panelboard (NEC 210.25 or IRC E3702.14).

Loads associated with an individual dwelling 
unit are permitted to be supplied by the dwelling 
unit panelboard. Examples are the tenant’s storage 
space, laundry area or garage stall. �ese spaces 
are not required to be contiguous to the tenant’s 
dwelling unit.

Branch circuits for lighting, central alarm, sig-
nal, communications and other needs for public 

or common areas are not permitted to be supplied 
from the panelboard located in a resident man-
ager’s dwelling unit. Such loads must be supplied 
by an additional panelboard, often called a “house 
panel.” �is will reduce the likelihood of these 
essential and safety circuits being turned off by 
tenants or of loss of power to common area loads 
due to the utility disconnecting power to an indi-
vidual dwelling unit. �e house panel is permitted 
in addition to the service equipment that supplies 
each dwelling unit. NEC 230.40, Exception No. 

Figure 11.11. Spacing requirements for general use receptacle 
placement

Figure 11.12. Fixed cabinets that do not ha e a countertop or similar 
wor  surface can brea  up wall space for receptacle outlets
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4 permits an additional set of service conductors 
to supply the house panel for a two-family or a 
multifamily dwelling. 

Dwelling nit eceptacle utlets
Required receptacle outlets specified in NEC
210.52 and IRC E3901 are those convenience re-
ceptacle outlets for circuits rated 125-volt, 15- and 
20-amperes. �is makes it clear that any receptacle 
outlets beyond those ampacity and voltage con-
figurations are not permitted to be counted as the 
required receptacles. For example, a 30-ampere, 
240-volt receptacle outlet at a kitchen countertop 

location is considered over and above 
the required 125-volt, 20-ampere re-
ceptacle outlet required for the coun-
tertop space.

�e Code requires receptacle outlets 
for general use in every dwelling unit 
kitchen, family room, dining room, 
living room, parlor, library, den, sun-
room, bedroom, recreation room, or 
similar room or area. �e receptacle 
outlets are required to be installed so 
that no point along the floor line in 
any wall space is greater than 1.8 m 
(6 ft), measured horizontally, from an 
outlet in that space. 

�e Code describes wall space as: 
“Any space 600 mm (2 ft) or more 
in width (including space measured 
around corners) and unbroken along 
the floor line by doorways and similar 
openings, fireplaces, and fixed cabinets 
that do not have countertops or sim-
ilar work surfaces.” Only “fixed cabi-
nets that do not have countertops or 
similar work surfaces” are considered 
as an item (along with doorways and 
fireplaces) that would not be counted 
as “wall space” concerning receptacle 
spacing and location requirements. 
Fixed cabinets such as kitchen pan-
try-type cabinets (but not limited to 

kitchen cabinets) and built-in bookcases that do 
not have countertops or similar work surfaces are 
considered to break up the wall space for spacing 
of receptacle outlets. Fixed cabinets with counter-
tops and similar work surfaces such as the back 
side of a cabinet that separates the kitchen coun-
tertops from the living room area do require re-
ceptacle outlets as this would be wall space. Every 
wall space of 600 mm (2 ft) or more in width is 
required to be treated individually and separately 
from all other wall spaces within the room. A wall 
space includes two or more walls of a room (around 
corners) where they are unbroken at the floor line. 
Spaces occupied by fixed panels in exterior or in-

Photo 11.5. Fixed in place railings and banisters are considered wall 
space of receptacle out placement

Figure 11.1 . equirements for receptacle placement at dwelling units
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terior walls are considered wall space for 
required outlet spacing. Sliding patio or 
deck panels in exterior walls are exempt 
from this requirement [NEC 210.52(A)
(1) and (A)(2) or IRC E3901.2.1 and 
E3901.2.2]. See figure 11.11 for the re-
ceptacle layout in a typical room. Space 
created by fixed room dividers, such as 
freestanding bar-type counter or rail-
ings, is considered wall space for the pur-
pose of applying these receptacle outlet 
requirements. Railings create wall spaces 
where electrical appliances such as tele-
visions, cable boxes, DVRs, or lamp-type 
luminaires are commonly located. Floor 
receptacles are a common solution for 
railings and banister locations where re-
ceptacle outlets are required to be placed 
[NEC 210.52(A)(3) or IRC E3901.2. 3].

Where floor receptacles are installed 
to meet the receptacle outlet spacing 
provisions, they must be located with-
in 450 mm (18 in.) of the wall they are 
intended to serve. Without receptacles 
located for these spaces, occupants often 
resort to the unsafe practice of using ex-
tension cords across walkways or door-
ways, or they place these extension cords 
under carpeting or other floor covering, 
creating a possible fire hazard [NEC 
210.52(A)(3) or IRC E3901.2.3].

Although not an enforceable require-
ment, a good rule of thumb for recepta-
cle outlet spacing is to space receptacle 
outlets equal distances apart. Required wall recep-
tacle outlets are in addition to any receptacle that 
is part of any luminaire or appliance that may be 
located within cabinets or cupboards or located 
over 1.7 m (5-½ ft) above the floor (NEC 210.52 
or IRC E3901.1).

Switched receptacles for lighting as permitted 
by NEC 210.70(A)(1), Ex. No. 1 or IRC E3903.2, 
Ex. No. 1 are not acceptable for required wall re-
ceptacle outlet spacing requirements if the entire 
receptacle is switched. �e receptacles required for 

wall spacing requirements must meet the objec-
tive of providing convenience receptacles in those 
prescribed locations for users. Switching both re-
ceptacles of a duplex-type receptacle could leave 
an area of a wall without a receptacle that provides 
continuous service to meet these minimum re-
quirements. Leaving only one of the receptacles on 
a duplex receptacle switched, and the other recep-
tacle on that yoke continuously energized would 
satisfy the required wall receptacle outlet spacing 
requirements [NEC 210.52 or IRC E3901.1].

Figure 11.1 . eceptacles installed in the oor to meet placement 
requirements

Figure 11.15. Switched receptacles do not count as receptacle outlets 
required by C 210.52 or I C 01.1
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Electric baseboard heating units (fixed 
electric space heating) create a potential 
hazard. A flexible cord that is draped in 
front of or on the hot fins of the base-
board heater can create a fire and shock 
hazard. Listed baseboard heaters may 
contain instructions that prohibit the 
installation of the unit below recepta-
cle outlets. �ere is no specific vertical 
distance or separation above which re-
ceptacle outlets are then permitted. �e 
Code permits factory-installed receptacle 
outlets or outlets provided as a separate 
assembly by the manufacturer in per-
manently installed electric baseboard 
heaters to serve as the required outlet or 
outlets for the wall space utilized by such 
permanently installed heaters. �ese re-
ceptacle outlets are not permitted to 
be connected to the electric baseboard 
heater circuits. �e branch circuit that 
serves that area must be used to supply 
the receptacle located in the baseboard 
heater (NEC 210.52 or IRC E3901.1).

Small Appliance Circuits 
( itchen)
�e Code requires that two or more 
20-ampere small-appliance branch cir-
cuits serve all receptacle outlets in the 
kitchen, pantry, breakfast room, dining 
room or similar area of a dwelling unit. 
One of the 20-ampere small-appliance 
circuits are required to supply refrigeration equip-
ment located in these kitchen areas as well, unless 
the exception for a specific appliance is employed. 
[NEC 210.52(B)(1) or IRC E3901.3 (also see ex-
ceptions)]. 

Other than in kitchens and bathrooms, switched 
receptacle(s) sometimes used for general illumina-
tion are permitted. �ese receptacles are in addi-
tion to those required to serve the wall spaces in 
the above mentioned rooms. Switched receptacles 
in lieu of lighting outlets are also not permitted in 

hallways and stairways.
As mentioned above, the Code also permits an 

individual branch circuit for a specific appliance 
(such as the refrigerator) per NEC 210.52(B)(1) 
Ex. No. 2 or IRC E3901.3 Ex. No. 2. Where in-
stalled, the specific appliance branch circuit must 
not be smaller than 15-amperes in rating. �e re-
ceptacle supplying refrigeration equipment in the 
kitchen does not require GFCI protection if the 
receptacle outlet is located behind the appliance 
and is not readily accessible to serve the counter-

Figure 11.16. Small-appliance branch circuits for itchen  pantry  
brea fast room  and dining room receptacle outlets

Figure 11.17. Indi idual specific appliance branch circuit permitted in 
itchen area
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top and not located within 1.8 m (6 ft) of a sink 
such as the kitchen sink. 

�e two or more small-appliance branch circuits 
cannot be connected to other outlets, with two ex-
ceptions. �e term other outlets refers to lighting, 
appliance, and receptacle outlets that do not serve 
countertops or wall spaces in the kitchen, pantry, 
breakfast room, dining room, or similar areas. �is 
means that additional circuits must be provided 
to supply lighting outlets for kitchen hood fans, 

built-in microwave ovens, dishwashers, 
garbage disposals, etc. �e exceptions 
include a receptacle installed solely for 
an electrical clock in kitchens, dining 
rooms or related spaces permitted to be 
supplied by one of the small-appliance 
branch circuits. �e other exception 
permits receptacles installed to provide 
power for supplemental equipment 
and lighting on gas-fired ranges, ovens 
or counter-mounted cooking units to 
be supplied from one of the small-ap-
pliance branch circuits. Outdoor re-
ceptacles, kitchen lighting outlets, and 
other outlets not specified above are 
not permitted to be connected to the 
small-appliance branch circuit(s) [NEC 
210.52(B)(2) and exceptions or IRC 
E3901.3.1 and exceptions]. 

At least two of the 20-ampere 
small-appliance branch circuits are re-
quired to serve the countertop surfaces 
in the kitchen. Either or both of these 
two circuits can also supply other re-
ceptacle outlets in the same room or in 
adjacent areas such as a dining room or 
pantry receptacle outlets. No small-ap-
pliance branch circuit is allowed to 
serve more than one kitchen. Some 
dwellings have a kitchen at the patio or 
in a “mother-in-law”type apartment in 
addition to the main dwelling kitchen. 
Each kitchen must be supplied by not 
less than two, 20-ampere, small-appli-
ance branch circuits [NEC 210.52(B)

(3) or IRC E3901.3.2].
Kitchen is defined in the Code as “an area 

with a sink and permanent provisions for food 
preparation and cooking.” Permanent provi-
sions for food preparation and cooking is not 
defined; therefore, is a microwave oven “per-
manent provisions for food preparation and 
cooking?” �e enforcing agency often has to 
use good judgment and discretion relative to 
making this determination to ensure that ad-

Figure 11.1 . Small-appliance branch circuits are permitted to supply 
electric cloc  outlets  gas-fired ranges  o ens  or counter-mounted 
units

Figure 11.1 . itchen receptacle spacing requirements at countertop 
surface (typical layout)
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equate circuitry and receptacle outlets are pro-
vided for the anticipated use.

itchen eceptacle Spacing
In kitchen and dining area countertop spaces 
of dwelling units, a receptacle outlet must be 
installed at each wall counter space that is 300 
mm (12 in.) or wider. In addition, receptacle out-
lets must be installed so that no point along the 
wall line is more than 600 mm (24 in.) measured 
horizontally from a receptacle in that space. For 
applicable wall counter spaces, this means the 
first receptacle must be located not more than 
600 mm (24 in.) from the edge of the counter 
space, and the next receptacle can be no more 
than 1.2 m (48 in.) from the first one, and so on 
along the wall counter space. �ough not specifi-
cally mentioned here, the provision of measuring 
around the corner of the floor for wall receptacles 
is commonly accepted for wall counter spaces as 
well. �is 600 mm (24 in.) rule is only appli-
cable to wall or base countertops and does not 
apply to peninsular or island countertops [NEC 
210.52(C)(1) or IRC E3901.4.1].

�e term appliance garage is referenced in NEC 
210.52(C)(5) and IRC E3901.4.5. An appliance 
garage is often an integral part of the dwelling unit 
kitchen cabinetry. Although it is permitted to in-
stall a receptacle within the appliance garage, that 
receptacle is not permitted to serve as the required 
receptacle for the countertop space. Also, any re-
ceptacle installed within an appliance garage locat-
ed on the countertop must be GFCI-protected to 
meet the requirements of NEC 210.8(A)(6) and 
IRC E3902.6 for kitchen countertop receptacles. 

Receptacle outlets may be required to serve 
wall or countertop space behind sinks or ranges. 
Two figures are included in the Code to illustrate 
the condition (NEC Figure 210.52(C)(1) or IRC 
Figure E3901.4.1). One illustration is for a sink 
or range that extends from the front face of the 
countertop. If the space between the sink or range 
and the wall or backsplash is 300 mm (12 in.) or 
greater, a receptacle outlet is required to serve that 

Photo 11.6. itchen receptacle placement at counter 
locations

Photo 11.7. eceptacles located in an appliance garage 
cannot count as the required receptacle for itchen 
countertop spacing

Photo 11. . itchen countertop receptacles at corner-
mounted sin  area
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space. �e other illustration is of a sink or 
range mounted in a corner. If the space 
between the sink or range and the corner 
is 450 mm (18 in.) or greater, a recepta-
cle outlet is required to serve that space. 
�e third function of both illustrations is 
to show where the measurement to the 
first required receptacle outlet starts at 
the sink or range. 

Island Countertop Spaces
At least one receptacle outlet shall be in-
stalled at each island counter space with 
a long dimension of 600 mm (24 in.) or 
greater and a short dimension of 300 
mm (12 in.) or greater. In essence, this 
means you can cut a pattern of those di-
mensions and any island counter space 
that is 600 mm (24 in.) by 300 mm (12 
in.) or larger must have a receptacle out-
let for that space. Only one receptacle 
outlet is required for the island coun-
tertop space regardless of how large it 
is, unless a range or sink is installed in 
the island countertop that creates a 600 
mm (24 in.) or greater by 300 mm (12 
in.) or greater space on both sides of the 
range or sink. Additional receptacles, 
of course, can be added but are not re-
quired to meet the minimum provisions 
of the Code [NEC 210.52(C)(2) or IRC 
E3901.4.2].

Peninsular Counter Space
Some kitchens include cabinet configurations 
that incorporate peninsular extensions from wall 
counter space. �e Code requires a receptacle out-
let to be installed at each peninsular countertop 
with a long dimension of 600 mm (24 in.) or 
greater and a short dimension of 300 mm (12 in.) 
or greater. Any peninsular countertop space that 
is equal to or larger than 300 mm (12 in.) by 600 
mm (24 in.) must have a receptacle outlet installed 

Figure 11.20. itchen countertop receptacle outlet spacing 
requirements are required behind range or sin  mounted on straight 
countertop if x  is equal to or greater than 00 mm (12 in.)

Figure 11.21. itchen countertop receptacle outlet spacing 
requirements are required behind corner-mounted range or sin  if x  
is equal to or greater than 50 mm (1  in.) than 00 mm (12 in.)

at the long dimension space. Again, only one re-
ceptacle outlet is required for the space regardless 
of how large the peninsular is, unless a range or 
sink is installed in the peninsular countertop that 
creates a 600 mm (24 in.) or greater by 300 mm 
(12 in.) or greater space on both sides of the range 
or sink. In that case, at least one receptacle outlet 
would be required per qualifying counter space. 
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Additional receptacles are permitted but 
are not required. Since its inception in 
the 1993 edition of the NEC, the long 
dimension measurement was always mea-
sured from the “connecting edge” where 
the peninsular countertop mates with the 
base kitchen countertop. �is will no lon-
ger be true beginning with the 2017 NEC 
and the 2018 IRC as this measurement 
will now be measured from the “connect-
ed perpendicular wall.” [NEC 210.52(C)
(3) or IRC E3901.4.3].

Separate Countertop 
Spaces

Kitchen countertop spaces separated by range 
tops, refrigerators or sinks are considered sep-
arate countertop spaces insofar as applying the 
rules for wall-counter, island and peninsula 
spaces. �is means each side of one of these sep-
arators is considered an individual counter space, 
and measurement to determine if a receptacle is 
required must be made for each space. An ex-
ample of this would be a rangetop installed at a 
dwelling unit kitchen island. If the countertop 
on the left side of the rangetop is 300 mm (12 
in.) or greater by 600 mm (24 in.) or greater 
and the countertop on the right side of the 
rangetop is also 300 mm (12 in.) or greater by 
600 mm (24 in.) or greater, a receptacle outlet 
would be required on each side to serve the two 
separate island countertops on each side of the 
island-mounted rangetop [NEC 210.52(C)(4) 
or IRC E3901.4.4].

Where a range or sink is installed in an island 
or peninsular countertop and the width of the 
countertop behind the range or sink is less than 
300 mm (12 in.), the range or sink is considered 
to divide the countertop space into two separate 
countertop spaces. Measurements would need to 
be performed on the remaining countertop on 
each side of the range or sink to see if a recepta-
cle outlet(s) is need on one or both sides of the 
range or sink.

Photo 11. . eceptacle located at itchen island

Figure 11.22. itchen Island countertop receptacle requirements

Photo 11.10. itchen island countertop space where the 
countertop extends more than 150 mm (6 in.) beyond its 
support base (cabinet)
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Counter eceptacle utlet 
ocation

Receptacle outlets are generally re-
quired to be located on or above, but 
not more than 500 mm (20 in.) above 
the countertop or work surface in order 
to serve that countertop or work surface 
[NEC 210.52(C)(5); IRC E3901.4.5]. 
In addition, receptacles are not permit-
ted to be installed in a face-up position 
on the work surfaces or countertops 
[NEC 406.5(G) or IRC E4002.16]. 
A receptacle outlet that is not readily 
accessible by an appliance garage or an 
appliance that is fastened in place or 
otherwise restricts ready access to the 
receptacle cannot be considered as one 
of the required receptacles. Receptacle 
outlet assemblies listed for the applica-
tion are also permitted to be installed 
in kitchen countertops. New technolo-
gy and design concepts in recent years 
have produced innovated receptacle 
construction and housing designs for 
receptacles to be safely installed in 
countertops. �ese listed outlet assem-
blies will allow for receptacles to be 
installed flush in kitchen and bathroom 
countertops. Some of these new design 
concepts consist of a hydraulic cylinder 
that actuates with pressure being placed 
on top of the cover. Upon release, the 
hydraulic cylinder raises up providing a standard 
duplex receptacle mounted in the vertical posi-
tion above the countertop. �ese listed assem-
blies passed water saturation test while in the 
closed position. Additionally, when the recepta-
cle of these listed assemblies is closed below the 
countertop, it is de-energized (see figure 11.26 
and photo 11.10).

Receptacle outlets are not permitted to be in-
stalled more than 300 mm (12 in.) below the 
kitchen countertops in order to serve that coun-
tertop. Receptacle outlets are not permitted to be 
installed below a countertop unless one of two 

exceptions applies. �e first is for the construction 
for the physically impaired. �e second applies to 
an island or peninsular counter space where the 
countertop is flat across the entire surface (no 
backsplash) and there are no means to mount a re-
ceptacle within 500 mm (20 in.) above the coun-
tertop. If the island or peninsular counter space has 
more than one level separated by a backsplash or 
other vertical surface, then the required receptacle 
cannot be mounted below the countertop. Cabi-
nets mounted above such an island or peninsular 
countertop can be used to meet this requirement if 
the bottom of the cabinets is within 500 mm (20 

Figure 11.2 . itchen peninsular countertop receptacle requirements

Figure 11.2 . eceptacles for separate countertop spaces
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in.) of the countertop.
Receptacle outlets mounted below the coun-

tertop for either of these exceptions shall not be 
located where the countertop extends more than 
150 mm (6 in.) beyond its support base. �is ad-
dresses the safety issue of kitchen appliances with 
fairly short cords and the cord wrapping around 
the countertop and becoming more vulnerable to 
snagging and pulling appliances with hot liquids 
off the countertop [NEC 210.52(C)(5) Exception 
or IRC E3901.4.5 Exception].

Dwelling nit athrooms
At least one receptacle outlet is required 
to be installed in bathrooms within 900 
mm (3 ft) of the outside edge of each 
basin. �e receptacle outlet is required to 
be located on a wall or a partition that is 
adjacent to the basin location. Typically, 
this means a wall or a partition that is 
in contact with the countertop in which 
the basin is installed (see photo 11.12). 
Receptacle outlet assemblies listed for 
the application are also permitted to be 
installed on or in bathroom countertops 
(see photo 11.11). A receptacle is also 
permitted to be mounted in the side or 
face of the cabinet that supports the ba-
sin, but not more than 300 mm (12 in.) 
below the top of the basin or the basin 
countertop (see photo 11.13) [NEC 
210.52(D) or IRC E3901.6].

Additional receptacle outlets are 
permitted in the bathroom area. �e 
bathroom receptacles are required to 
be on a 120-volt, 20-ampere circuit 
supplying only bathroom receptacle 
outlets with an exception that will be 
discussed in the next paragraph [NEC 
210.11(C)(3) or IRC E3703.4]. All 
receptacles located in the bathroom 
must have ground-fault protection for 
personnel [NEC 210.8(A)(1) or IRC 
E3902.1]. Receptacle outlets are not 

permitted to be installed in a face-up position in 
the work surfaces or countertops in a bathroom 
[NEC 406.5(G) or IRC E4002.16].

Branch circuits for bathrooms are permitted to 
be installed in one of two configurations: either 
(1) with one or more 20-ampere bathroom branch 
circuit(s) supplying only the receptacle outlets in 
all the bathrooms, or (2) with a 20-ampere bath-
room branch circuit for each bathroom providing 
power to that bathroom receptacles along with  
the luminaires in that bathroom (by exception). 
At a minimum, the Code requires at least one 120-
volt, 20-ampere branch circuit for the supply of 

Figure 11.25. Counter receptacle location requirements

Figure 11.26. eceptacle outlet assemblies listed for the application 
permitted to be installed in itchen countertop
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all bathroom receptacle outlet(s) in the dwelling. 
�is general rule requires this bathroom circuit(s) 
to have no other outlets. �is is in response to in-
creased use of electrical grooming appliances (hair 
dryers, etc.) placing a greater demand on the bath-
room branch circuits.

An exception to this rule permits a 120-volt, 
20-ampere circuit to supply outlets for other 
equipment, such as lighting and exhaust fans as 
well as the receptacle outlets, in a single bathroom. 
In this case, the 20-ampere circuit can only sup-
ply loads in that bathroom it supplies [see figure 
11.29; NEC 210.11(C)(3) Exception or IRC 
E3703.4 Exception]. 

utdoor eceptacle utlets
�e Code requires at least two 125-volt, 15- or 
20-ampere outdoor receptacle outlets to be read-
ily accessible from grade level and not more than 
2.0 m (6½ ft) above grade level for a one-fam-
ily dwelling and for each unit of a two-family 
dwelling unit that is at grade level. A receptacle 
outlet is required at both the front and back of 
the dwelling. Of course, these receptacles must 
have GFCI protection per NEC 210.8(A)(3) or 
IRC E3902.3 for outdoor receptacle outlets. �e 
Code also requires at least one receptacle outlet be 
installed at all balconies, decks, and porches that 
are accessible from inside the dwelling unit and 

attached to the dwelling unit. �is receptacle out-
let(s) must be accessible from the balcony, deck, 
or porch and located not more than 2.0 m (6½ ft) 
above the balcony, deck, or porch walking surface 
[NEC 210.52(E) or IRC E3901.7].

�e Code requires a 125-volt, 15- or 20-am-
pere receptacle for servicing air-conditioning 
and refrigeration equipment. �is receptacle is 
required to be not less than 7.5 m (25 ft) from 
the equipment and on the same level as the 
equipment. �e receptacle must be in a readily 
accessible location. A receptacle outlet installed 
to meet NEC 210.52(E) or IRC E3901.7, Out-

Photo 11.11. isted receptacle outlet assembly for 
installation in a countertop

Photo 11.12. eceptacle outlet installed on the roughed-in 
centered between the two future basins of a dwelling unit 
bathroom

Photo 11.1 . eceptacle outlet located in nee space abo e 
is permitted as required receptacle outlet to ser e the basin 
per C 210.52(D)
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door Outlets, can be used to meet this service 
receptacle requirement if properly located. See 
Chapter 9 of this book for additional informa-
tion about this required receptacle outlet for 
use when servicing heating, ventilating, and 
air-conditioning equipment (NEC 210.63 or 
IRC E3901.12).

All 15- or 20-ampere, 125-volt receptacle 
installed in a wet location such as outdoors 
and exposed to the weather, is required to be 
installed in a weatherproof enclosure. The en-

closure must be weatherproof regard-
less of whether or not the attachment 
plug is inserted. An outlet box hood 
installed for this purpose shall be list-
ed and identified as an “extra duty” 
type hood cover. All 15- and 20-am-
pere, 125- and 250-volt nonlocking 
receptacles installed in damp or wet 
locations are required to be of the 
listed weather-resistant type [NEC 
406.9(A) and (B)(1); IRC E4002.8 
and E4002.9]. See Chapter 13 for 
more information on receptacles in-
stalled in damp and wet locations.

aundry Areas
At least one receptacle outlet is required 
to be installed for the laundry in dwell-
ing units. Laundry outlet(s) must be 
supplied by a 20-ampere branch circuit. 
�is branch circuit is not permitted to 
have other outlets, other than recepta-
cle outlets, in the laundry area [NEC 
210.11(C)(2) or IRC E3703.3]. More 
than one receptacle outlet is permitted 
to be supplied by the 20-ampere laun-
dry circuit as long as they are located in 
the same laundry area. Other recepta-
cles connected to a different circuit are 
permitted to be located in the laundry 
room. In an apartment or multifamily 
building dwelling unit where laundry 
facilities are provided on the premises 

and are available to all building occupants, a laun-
dry receptacle is not required [NEC 210.52(F) 
Ex. No. 1].

Where laundry outlet(s) are installed in a dwell-
ing unit to be used for specific appliances, such 
as laundry equipment, receptacle outlets must be 
located not further than 1.8 m (6 ft) from the in-
tended location of the appliance. Laundry equip-
ment includes appliances such as a washing ma-
chine, a gas clothes dryer or a clothes iron [NEC 
210.50(C) or IRC E3901.5].

Figure 11.27. eceptacle placement in dwelling unit bathrooms relati e 
to sin  locations

Figure 11.2 . athroom receptacle outlets permitted to be mounted on 
front or side of anity
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asements  arages  and 
Accessory uildings
At least one 125-volt, 15- or 20-ampere receptacle 
outlet is required to be installed in each unfinished 
basement, in each attached garage and in each 
detached garage with electric power, and each 
accessory building supplied with electric power. 
�is receptacle outlet is in addition to those that 
are provided for specific equipment in these areas, 
such as laundry equipment in a one-family dwell-
ing. Where a portion of the basement is finished 
into habitable room(s), a receptacle outlet must be 
located in the unfinished portion of the basement 
or in each separate unfinished portion of the base-
ment [NEC 210.52(G) or IRC E3901.9].

In each attached garage and in each detached 
garage with electric power, at least one recepta-
cle is required to be installed in each vehicle bay 
and located not more than 1.7 m (5½ ft) above 
the floor. �is would call for three receptacles for 

a 3-car garage, etc. �is reduces  the use of ex-
tension cords that might otherwise be used to ex-
tend the branch circuit wiring and provide a safer 
environment for the homeowner. �e garages en-
countered today at most dwelling units have gone 
from a simple place to park vehicles out of the 
elements in a bygone era to “do-it-all” locations 
where homeowners service their vehicles and/or 
convert a portion of the garage space to serve as a 
workshop. It is not uncommon in these situations 
for the homeowner to resort to running an exten-
sion cord from a receptacle outlet behind an ap-

Figure 11.2 . A 20-ampere branch circuit is required for 
dwelling bathroom(s)

Photo 11.1 . eceptacle outlets are required at all balconies  
dec s and porches

Photo 11.15. utlet box hood co ers are required to be 
identified as the extra duty  type (metallic or nonmetallic)
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pliance or from the garage door receptacle outlet 
stapling the cord to the ceiling and down the wall 
to have an additional outlet for convenience use 
for such things as hand drills, car vacuum cleaners, 
etc [NEC 210.52(G)(1) or IRC E3901.9]. 

At least one 120-volt, 20-ampere branch cir-
cuit is required to be provided in these attached 
garages and in detached garages to supply ga-
rage receptacle outlets only. An exception per-
mits this garage receptacle outlet branch circuit 
to also supply readily accessible outdoor recep-
tacle outlets. A lot of the appliance and tools 

used in today’s dwelling unit garages 
are rated at 12 to 16 amperes or higher 
and demand at least a 20 ampere rat-
ed branch circuit. A 15 ampere rated 
branch circuit in the modern dwelling 
unit garage is typically not sufficient 
for these loads. A small, portable, 120-
volt, 1 horsepower air compressor, hav-
ing an ampacity of 16 amperes would 
be an example of such a tool resulting 
in this 20 ampere rated branch circuit 
requirement. Having these branch cir-
cuits generally limited to just the ga-
rage will greatly assist in the ability of 
these garage receptacle outlets possess-
ing enough capacity to handle a load 
such as an electric vehicle charging 
station. With this EV charging con-
cept in mind, it makes sense to expand 
the requirements for receptacle outlets 
in dwelling unit garages to provide at 
least one receptacle outlet in each ve-
hicle bay space. [NEC 210.11(C)(4) 
and 210.52(G)(1) or IRC E3703.5 and 
E3901.9]. 

GFCI protection is required for 
these receptacle(s) in all these areas 
as well [NEC 210.8(A)(2) and (A)(5) 
or IRC E3902.2 and E3902.5]. An 
exception to the GFCI requirements 
applies to a single receptacle that pro-
vides power to a permanently installed 
burglar or fire alarm system located in 

an unfinished basement. �is exception is con-
sistent provisions at NEC 760.41 and 760.121 
as well as with NFPA 72, �e National Fire 
Alarm Code. �e Code requires a 125-volt, 15- 
or 20-ampere receptacle for heating, air-con-
ditioning, and refrigeration equipment. �is 
receptacle is required to be not less than 7.5 m 
(25 ft) from the equipment and on the same 
level as the equipment. �is receptacle must 
be in a readily accessible location. A receptacle 
outlet installed to meet NEC 210.52(G) or IRC 
E3901.9, (Basements, Garages, and Accessory 

Figure 11. 0. utdoor receptacle outlets are required in both front and 
bac  of dwellings

Figure 11. 1. eceptacles at balconies  dec s  and porches
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Photo 11.16. eceptacle outlet required to be accessible 
from the balcony  dec  or porch if the balcony  dec  or 
porch is accessible from inside the dwelling unit and 
attached to the dwelling unit

Photo 11.17. aundry circuit installed at the rough-in 
wiring stage installed within 1.  m (6 ft) of intended laundry 
equipment location (receptacle for dryer also installed at 
right)

Photo 11.1 . Three ehicle bay garage at a dwelling unit Photo 11.1 . allway receptacle outlet at rough wiring 
stages

Photo 11.20. arge foyer at dwelling unit front door area

Buildings), can be used to meet this requirement 
if properly located. See Chapter 9 of this book 
for additional information about this required 
receptacle outlet for use when servicing heating, 
ventilating, and air-conditioning equipment 
(NEC 210.63 or IRC E3901.12).

allways
At least one receptacle outlet is to be installed in 
hallways when the hallway is of 3.0 m (10 ft) or 
more in length. �is rule will help to avoid hav-
ing to pass an appliance cord through a doorway 
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for connection to a receptacle outlet for 
such things as a vacuum cleaner. �e 
length of the hallway is considered to 
be the length along the centerline of 
the hallway without passing through 
a doorway [NEC 210.52(H) or IRC 
E3901.10].

Foyers
Foyers that are not part of a hallway in 
accordance with NEC 210.52(H) or IRC 
E3901.10 and that have an area greater 
than 5.6 m2 (60 ft2) are required to have 
a 125-volt, 15- or 20-ampere recepta-
cle(s) located in each wall space 900 mm 
(3 ft) or more in width and unbroken 
by doorways, floor-to-ceiling windows, 
and similar openings [NEC 210.52(I) 
or IRC E3901.11]. �is foyer require-
ment is not required to follow the re-
quirements found in NEC 210.52(A) or 
IRC E3901.2 for receptacle wall spacing 
requirements (no point measured hori-
zontally along the floor line in any wall 
space is more than 1.8 m (6 ft) from a 
receptacle outlet). Under this require-
ment, it does not matter if a foyer wall 
space is 900 mm (3 ft) wide or 4.3 m 
(14 ft) wide, only one receptacle outlet 
would be required. Foyers or entryways 
with a floor area larger than 5.6 m2 (60 
ft2) is the minimum area requirement 
to this section to exempt smaller foyers 
that typically do not have the space to facilitate 
home furnishings and electrical equipment being 
located in these areas of the dwelling. Some of to-
day’s larger dwelling units have foyers the size of 
bedrooms. In the past, these large foyers may have 
only one receptacle outlet and, in some cases, no 
receptacles at all. �is often leads the homeown-
er to resort to the use of extension cords placed 
under rugs or across doorways as a substitute for 
the fixed wiring. Properly placed receptacle out-
lets should be available for the connection of table 
lamps and other cord-connected products.

ighting utlets equired
At least one lighting outlet controlled by a wall 
switch is required to be installed in every habit-
able room, kitchen, and in every bathroom [NEC 
210.70(A)((1) or IRC E3903.2]. In other than 
kitchens and bathrooms, one or more receptacles 
that are controlled by a wall switch are permit-
ted in lieu of the required lighting outlets [NEC 
210.70(A)((1) Ex. No. 1 or IRC E3903.2 Ex. No. 
1]. �e NEC does not include a definition of hab-
itable room; habitable room or habitable space is 
defined in the local building code. �e IRC defines 

Figure 11. . eceptacle required for basements  garages  and 
accessory buildings (with power)

Figure 11. 2. eceptacle is required within 1.  m (6 ft) of intended 
laundry equipment location
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a habitable space as “a space in a building for liv-
ing, sleeping, eating or cooking. Bathrooms, toilet 
rooms, closets, halls, storage or utility spaces and 
similar areas are not considered habitable spaces” 
(see IRC Chapter 2, Section R202). Contact the 
building code official for additional information. 

An exception to the general rule permits con-
trol of the lighting outlet with occupancy sensors 
where the occupancy sensor(s) is:

1. in addition to wall switches, or
2. located at a customary wall switch 

location and equipped with a man-
ual override that will allow the sen-
sor to function as a wall switch. [See 
NEC 210.70(A)(1) Exception No. 
2 or IRC E3903.2 Exception 2].

Additional locations where wall 
switch-controlled lighting outlets are re-
quired are identified in the Code. At least 
one wall switch-controlled lighting out-
let must be installed in hallways, stair-
ways, attached garages, and detached 
garages with electrical power. 

�e exterior side of outdoor entrances 
or exits with grade level access must be il-
luminated. A remote source of illumina-
tion is permitted. No minimum amount 
of illumination level (foot candles) is 
specified. �e location of the switch for 
these outdoor luminaires is not specified 
by the Code. Good work practice would 
suggest that these switches be located 
near the outdoor entrance or exit door-
ways closest to the outdoor luminaire. A 
switch is not required at a vehicle door 
in a garage. A vehicle door is not con-
sidered an outdoor entrance. However, a 
switch can be installed there as an option 
[NEC 210.70(A)(2) or IRC E3903.3].

Lighting outlets are required for in-
terior stairs. No minimum illumination 
level is specified by the Code. �e light-
ing outlet for interior stairs must have a 

wall switch at each floor level where the difference 
in floor levels is six or more risers (steps). In hall-
ways, stairways, or at outdoor entrances, remote, 
central or automatic control of lighting is permit-
ted. Where an intermediate landing is in the stair-
way and an entry way is provided at the landing 
location, a switch is required to control the stair-
way lighting at the landing location as well [NEC 
210.70(A)(2)(3) or IRC E3903.3.1].

At least one switch-controlled lighting outlet 
is required for spaces such as attics, under-floor 
spaces, utility rooms and basements, where these 

Figure 11. . 20 ampere branch circuit required for garage receptacle 
outlets

Figure 11. 5. Dwelling unit garage receptacle requirements
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spaces are used for storage or have equipment 
that requires servicing. At least one point of 
control must be at the usual point of entry to 
these spaces. No minimum illumination lev-
els are required. A lighting outlet containing a 
switch may be used to meet this requirement 
provided a means to operate the switch, such as 
a pull chain, is located at the point of entry to 
the space. Crawl spaces often contain equipment 
requiring servicing. Ground-fault circuit-inter-
rupter (GFCI) protection is required for lighting 
outlets (not exceeding 120 volts) installed in a 
crawl space [NEC 210.8(E) and IRC E3902.4]. 

See Chapter 10 for more information 
on GFCI requirements.

Equipment requiring servicing in-
cludes heating and air-conditioning 
equipment, water heaters, central vacu-
um system power units, laundry equip-
ment and similar equipment. It is not 
the intent of this rule to require a sep-
arate lighting outlet for equipment if 
other switch-controlled lighting outlets, 
such as room or space lighting outlets, 
provide adequate illumination [NEC 
210.70(A)(3) or IRC E3903.4]. Sim-
ilarly, illumination is required for all 
working spaces about service equipment 
and panelboards installed indoors; and 
this light source cannot be controlled by 
automatic means only, such as a motion 
sensor. Additional lighting outlets are 
not to be required where the work space 
is illuminated by an adjacent light source, 
such as the light source for the room or 
garage containing the panelboard [NEC 
110.26(D) or IRC E3405.7].

iring ethods
Chapter 3 of the NEC covers wiring 
methods and materials. Article 300, 
General Requirements for Wiring 
Methods and Materials, includes gener-
al requirements for wiring and electrical 

installations with emphasis placed on protection 
from physical damage, general securing and sup-
port requirements, rules for conductors, under-
ground and aboveground wiring provisions, and 
so forth. NEC Chapter 3 includes requirements 
for boxes, cabinets, and a list of wiring methods 
for use in electrical systems. Chapter 3 of the 
NEC also provides articles dedicated to each wir-
ing method. For example, nonmetallic-sheathed 
cable (Type NM) is located in Article 334; and 
rigid metal conduit is found in Article 344, and 
so on. Within each wiring method article are re-
quirements regarding installation and uses specif-

Figure 11. 6. eceptacle outlet requirements for foyers

Figure 11. 7. ighting outlets required (switch controlled)
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ic to that wiring method. Additionally, 
each article provides some key informa-
tion, such as a definition describing each 
wiring method and uses permitted and 
uses not permitted. For example: non-
metallic-sheathed cable is defined as “a 
factory assembly of two or more insu-
lated conductors having an outer sheath 
of nonmetallic material.” In addition 
to the definition, other requirements 
such as securing and support, listing 
requirements, conductor fill, bending 
radius, construction specifications, etc., 
are provided. �is information becomes 
an important resource when deciding 
which type of wiring method is to be 
used for a one- or two-family dwelling 
electrical system. Some of the specifics 
about each method are provided in the 
IRC in tabular format. �e NEC would 
need to be referred to by default for all 
the specific information concerning 
each particular wiring method. 

�e IRC handles wiring methods for 
one- and two-family dwellings a bit dif-
ferently in the way the information is 
laid out in the Code itself. �e allowable 
wiring methods are listed for installers in 
a tabular format (see Table 11.3 of this 
publication for a reproduction of IRC 
Table E3801.2).

Moving further into IRC Chapter 38, 
the uses permitted and not permitted are 
also included in a table, with the wiring 
methods listed horizontally across the 
top of the table, and the application listed in a ver-
tical column on the left (see IRC Table E3801.4). 
Important footnotes relative to use requirements 
are also provided at the bottom of this table. Just 
as notes to tables in the NEC, these are applicable 
as Code requirements, not just information. IRC 
Table E3802.1 provides general support and in-
stallation requirements for each method allowed 
for one- and two-family dwellings. �is table is set 
up in similar fashion with the wiring method list-

ed horizontally across the top and the installation 
requirements, such as support, number of bends, 
etc., listed vertically in the column on the left.

As previously noted, one must refer to the NEC 
for more specific information relative to each 
wiring method, as this is not provided within the 
IRC.

A table for underground wiring methods that 
includes minimum burial depths and specific lo-
cation criteria is also provided in IRC Chapter 38 

Figure 11. . Stairway lighting outlet(s) and switch requirements

Table 11. . I C Table 01.2. Allowable wiring methods
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(see IRC Table E3803.1). �is table also 
includes important footnotes that relate 
directly to the provisions in the table. 
�is table is derived from the NEC and 
is identical to NEC Table 300.5.

Nonmetallic-sheathed cable (Type 
NM) is often the method of choice for 
one- and two-family dwelling electrical 
systems. Conduit and tubing are also 
used for wiring in dwellings, but are not 
as common. Where conduit or tubing is 
used, the specific requirements for the 
wiring method must be complied with. 
For example, where Type AC or MC ca-
ble is selected and installed as the wiring 
for a dwelling, the specific rules for each 

of these cable methods must be applied. �e NEC 
provides the specifics for Type AC cable in Article 
320, and Type MC cable requirements are found in 
Article 330. Construction characteristics, securing 
and support provisions, protection from physical 
damage, as well as limitations of use are provided 
within these articles. Some areas and jurisdictions 
place local limitations restrictions on the types of 
wiring permitted for residential wiring. Others 
will not permit cable types of wiring but require 
conduit or tubing. It is important for contractors, 
designers, etc., to be familiar with local codes and 
regulations when working within these jurisdic-
tions. Being proactive in these circumstances is 
worth the effort. Always check with the enforcing 
agency when in doubt as to which code edition 
has been adopted and is being used and if there are 
any local amendments or regulations that overlay 
the NEC or IRC minimum requirements.

Nonmetallic-sheathed cables, such as Type NM, 
UF, SE and SER, are the most commonly used 
wiring methods in one- and two-family dwelling 
electrical wiring. �e following paragraphs will fo-
cus on the requirements for these types of cables. 

Type  Cable
One of the important and often discounted char-
acteristics of Type NM cable is the need to protect 

Photo 11.22. Switched lighting outlet at entrance to attic 
space where equipment is located

Figure 11. . Switch-controlled lighting outlet is required near 
mechanical equipment

Photo 11.21. A switch is required at each le el of an interior 
stairway with six risers or more
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it from damage. Nonmetallic jacketed 
cables can be damaged during or after 
initial installation. �e Code includes 
a plethora of rules and restrictions for 
installations of nonmetallic-sheathed 
cable wiring. �e requirements discussed 
in the following paragraphs concerning 
Type NM cable can be found in NEC 
Article 334 and IRC Chapter 38.

Type NM, Type NMC, and Type 
NMS cables are required to be listed. 
Type NM cable is permitted for both 
exposed and concealed work in normal-
ly dry locations. It also can be fished 
through air voids in masonry block or 
tile walls. Type NM cable cannot be 
embedded in masonry, adobe, concrete, 
fill, or plaster. It cannot be run in a 
shallow chase and covered with these 
materials. Type NMC can be run in a 
shallow chase and covered with adobe 
or plaster if properly protected from 
damage.

Type NM cable cannot be used where 
exposed or subject to excessive amounts 
of moisture or dampness. It can be used in 
locations that are normally dry. �e cable 
may be exposed to incidental amounts of 
moisture during construction without 
permanent damage. �e outer sheath is 
moisture-resistant. However, if the ends 
of the cable are submerged in water, 
damage to the cable may occur and the 
cable should be replaced.

Manufacturers produce Type NM cables with 
distinguishing colors for the jacket or sheaths. 
For example, the outer sheathing of 14-2 may be 
white in color, 12-2 may be yellow, and 10-2 may 
be orange. �is is a convenience for installers and 
inspectors but is not a requirement of the Code. 
Color-coding of the outer sheathing is handy 
for installers in keeping 15-ampere circuits sep-
arate from 20-ampere circuits. It is also handy 
for quick identification of the load-side wiring 
of a GFCI. Keep in mind that this is not a re-

quirement of the Code and that all manufacturers 
may not produce their Type NM cable with this 
color option on the jacket. �ose cables produced 
with colored jackets or sheaths can vary in colors 
from manufacturer to manufacturer. Currently 
there is no industry standard regarding this type 
of identification. It is important for installers 
and inspectors to always verify the identification 
markings on the cable when determining suit-
ability for use and not rely just on the colors of 
the outer sheathings.

Figure 11. 0. Installation and protection of  cables

Figure 11. 1. isted and mar ed steel plates less than the required 1.6 
mm ( 16 in.) thic  are permitted for protection of Type  cable
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Protection of  Cables
In exposed work, the cable must closely 
follow the building surface of the build-
ing finish. If this is not possible, the 
cable can be secured to running boards. 
�e cable shall be protected from phys-
ical damage. Routing the cables through 
rigid raceways such as EMT or Schedule 
80 PVC is a method of protecting cables 
exposed to physical damage.

Where Type NMC cable is installed 
in shallow chases in masonry, concrete, 
or adobe, the cable must be protected 
by steel plate at least 1.59 mm (¹⁄16 in.) 
thick and covered with plaster or adobe 
or a similar finish [NEC 334.10(B)(3)].

Several conditions apply to cables 
run in unfinished basements and crawl 
spaces. If the cable is run at angles to the 
joists, the cable can be secured to the bot-
tom of the joists as long as the conduc-
tors are not smaller than two (2) 6 AWG 
or three (3) 8 AWG. Smaller cables at 
angles to the joists must be run through 
bored holes or be secured to running 
boards. Cables installed on the wall of 
an unfinished basement are permitted in 
listed conduit or tubing or shall be pro-
tected in accordance with NEC 300.4 or 
IRC Table E3802.1. EMT is a type of 
tubing identified for this type of phys-
ical protection. A nonmetallic fitting or 
bushing must be installed at the point 
where the cable enters the conduit or tubing. �e 
fitting is intended to protect the cable from dam-
age as it is pulled through the raceway. �e outer 
sheathing of the Type NM cable is required to 
extend through the conduit or tubing and into the 
outlet or device box not less than 6 mm (¼ in.). 
�e cable also needs to be secured within 300 mm 
(12 in.) of the point where the cable enters the 
conduit or tubing (NEC 334.15 or IRC E3802.4).

�e requirements of NEC 300.4 and IRC Table 
E3802.1 apply where cables are installed through 
or parallel to framing members. �ese rules re-

quire that the cables be set back from the face 
of the framing member at least 32 mm (1¼ in.) 
or be protected by a steel plate at least 1.6 mm. 
(¹⁄16 in.) thick and of the appropriate length and 
width to cover the entire wiring area. Listed and 
marked steel plates less than the required 1.6 mm 
(¹⁄16 in.) thick are permitted that afford equal or 
better protection against nail or screw penetration. 
�is would include heat-treated type metals thin-
ner than 1.6 mm (¹⁄16 in.) but stronger than steel. 
Boxes, cable or raceway-type wiring methods are 
also prohibited from being installed directly un-

Figure 11. 2. etal nail protectors of the appropriate length and width 
required

Figure 11. . Ampacity ad ustment factors for Type  cable



Chapter  11 — Power and Lighting Distributions  303

der metal-corrugated sheet roof decking, unless 
the nearest outside surface of the cable or raceway 
is not less than 38 mm (1½ in.) from the nearest 
surface of the roof decking.

�e Code requires listed bushings or grommets 
to be installed in metal framing members through 
which Type NM cable will be installed. �e listed 
bushing or grommet is required to cover all metal 
edges and to be securely fastened in the opening 
prior to installation of the cable [NEC 300.4(B)
(1) or IRC Table E3802.1]. 

Bends in nonmetallic cables have to be made so 
that the cable and conductors will not be dam-
aged. �e radius of the curve of the inner edge of 
the cable shall be at least five times the diameter 
of the cable. �e diameter of flat cables is taken as 
the larger of the two measurements [NEC 334.24 
or IRC E3802.5].

Ampacity of Type  Cable
�e insulated conductors shall be rated for 600 
volts and range from sizes 14 AWG through 2 
AWG copper conductors and 12 AWG through 
2 AWG aluminum conductors. In addition to 
the insulated conductors, the cable must include 
an insulated or bare conductor to be used as an 
equipment grounding conductor only. �e insula-
tion has to be rated for 90°C (194°F). �e ampac-
ity of Type NM cable is that of 60°C (140°F) con-
ductors in accordance with NEC Table 310.15(B)
(16) or IRC Table E3705.1. �e overall covering 
of Type NM cable is required to be flame-retar-
dant and moisture-resistant. 

Precaution needs to be exercised when install-
ing more than two Type NM cables through the 
same opening in wood framing members. When 
more than two Type NM cables containing two 
or more current-carrying conductors are installed 
through the same hole (without maintaining 
spacing) and that hole is fire- or draft-stopped 
using thermal insulation, caulk, or sealing foam, 
the allowable ampacity of each conductor is re-
quired to be adjusted in accordance with NEC 
Table 310.15(B)(3)(a), Adjustment Factors for 

Photo 11.2 . Ampacity ad ustment factors must be applied 
when more than two Type  cables containing two or 
more current-carrying conductors are installed through the 
same sealing foam-filled hole

Photo 11.2 . Cables cannot be stapled on edge

Photo 11.25. Type  cable stapled to secure and support
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More �an �ree Current-Carrying Conductors 
in a Raceway or Cable, or IRC Table E3705.3. 
For example, if six (6) 12-2 W/GR Type NM ca-
bles were installed through a single fire-caulked 
drilled hole in a top plate, that would equal 
twelve (12) current-carrying conductors. Ac-
cording to NEC Table 310.15(B)(3)(a) or IRC 
Table E3705.3, those twelve (12) current-carry-
ing conductors could only be loaded to 50 per-
cent of their ampacity values from NEC Table 
310.15(B)(16) or IRC Table E3705.1. �e pro-
visions of NEC 310.15(A)(2), Exception or IRC 
E3701.2, Exception, (two different ampacities) 
permits the higher ampacity to be used if higher 
ampacity distance is less than or equal to 3.0 m 
(10 ft) or 10 percent of the total circuit length. 
However, for adjustment factors for Type NM 
cable as described above, NEC 334.80 or IRC 
E3705.4.4 indicate that the exception to NEC 
310.15(A)(2) or IRC E3701.2 does not apply in 
this application.

Also note that where more than two Type NM 
cables containing two or more current-carrying 
conductors are installed in contact with thermal 
insulation without maintaining spacing between 
cables, the allowable ampacity of each conductor 
is required to be adjusted in accordance with NEC 
Table 310.15(B)(3)(a) or IRC Table E3705.3 as 
well [NEC 334.80 or IRC E3705.4.4].

Securing and Supporting 
 Cables

Nonmetallic-sheathed cable must be 
properly secured by staples, cable ties 
(listed and identified for securement and 
support), straps, hangers, or similar fit-
tings. �ese items are required to be de-
signed and installed so as not to damage 
the cable. Care must be observed by the 
installer to not drive staples too deep or 
too strong as to damage the cable and 
enclosed conductors, which can result in 
potential fires at dwelling units.

Two conductor (flat) cables are not 
permitted to be stapled on edge. Cables 

run through holes in wood or metal joists, rafters 
or studs are considered to be supported. 

When installing the cable, securing the cable with 
the staple is the desired result. �is does not have to 
result in driving the staple too tight and damaging 
the cable. Movement could be caused by the build-
ing settling, framing members twisting or just nor-
mal deflection of the ceiling and floor. A properly 
installed insulated staple provides the necessary sup-
port and decreases the possibility that the cable jack-
et is tightly pinched. While the Code does not require 
the use of insulated staples, some local inspection 
agencies require their use. Insulated staples should be 
considered for the extra protection they provide.

Type NM cables are required to be secured in 
place at intervals not exceeding 1.4 m (4½ ft) and 
within 300 mm (12 in.) from every cabinet, box 
or fitting. However, for concealed work in finished 
buildings, it is permissible to fish the cable in hol-
low spaces in the structure between access points 
without supports.

Cables such as Type NM, SE, and SER are re-
quired to be secured to the cabinet, cutout box or 
meter socket enclosure. A similar requirement in 
the Code is found for cables entering boxes. A vari-
ety of connectors and fittings are available includ-
ing metal and nonmetallic, clamp-type and squeeze 
type connectors. It is important that the proper 
connector be installed for the size and configura-
tion of Type NM cable. It should be assumed that 

Figure 11. . Types of support for Type  cable
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each connector is designed for the con-
nection of a single cable unless the car-
ton containing the connector is marked 
for more than one cable. In addition, the 
carton will include the size and number 
of cables permitted. For example, the 
connector may be suitable for two 12-2 
cables but only a single 12-3 cable.

�e cable connector not only secures 
the cable to the cabinet or outlet box but 
it closes the hole through which the ca-
ble enters the box or cabinet. �e practice 
of installing a large EMT, PVC, or cable 
connector at the top of a panelboard cabi-
net and routing several cables through the 
connector is a Code violation and should 
not be permitted. �is practice leaves an 
opening through which debris or rodents 
can enter the cabinet and provides a chimney for 
hot gases or flames to pass through should there be 
a problem of that nature in the cabinet.

Cables are required to be individually secured 
to a cabinet or other enclosure [NEC 312.5(C) or 
IRC E3907.8]. An exception to this requirement 
permits multiple Type NM cables to be fished 
through a protective sleeve such as conduit or tub-
ing into an enclosure without securing the cables 
to the enclosure. All of the following conditions 
must be met before this alternate method of cable 
entry is permitted in cabinets: 

1. �e cables must enter the enclosure through 
the top of the enclosure.

2. �e enclosure must be surface-mounted.
3. �e nonflexible raceway must be used as 

the protective sleeve (not less than 450 mm 
(18 in.) and not more than 3.0 m (10 ft) in 
length.

4. Each Type NM cable is fastened within 300 
mm (12 in.) of the outer end of the raceway.

5. �e nonflexible raceway extends directly 
above the enclosure and does not penetrate 
the structural ceiling. (Keep in mind that a 
suspended ceiling is not a structural ceiling.)

6. A suitable fitting or bushing is provided on 

each end of the raceway (chase) to protect 
the cable(s) from abrasion, and the fittings 
remain accessible after installation.

7. �e raceway is sealed or plugged at the 
outer end using an approved means so as 
to prevent access to the enclosure through 
the raceway. (Duct seal, caulk, or fiberglass 
insulation are examples of materials used to 
comply with this requirement.)

8. �e cable sheath is continuous through the 
raceway and extends into the cabinet or 
other enclosure beyond the fitting not less 
than 6 mm (¼ in.).

9. �e raceway is fastened at its outer end and 
at the other points in accordance with the 
applicable article.

10. �e allowable cable fill does not exceed that 
permitted for complete conduit or tubing 
systems by NEC Table 1 of NEC Chapter 9, 
and all applicable notes. Note 2 to the tables in 
NEC Chapter 9 does not apply to this condi-
tion, as Note 2 states that the percent of cross 
sectional areas of Table 1 of NEC Chapter 9 
applies only to complete conduit or tubing 
systems and is not intended to apply to sec-
tions of conduit or tubing used to protect ex-
posed wiring from physical damage.

Figure 11. 5. Cables with nonmetallic sheaths are permitted to enter 
enclosures without being secured to the cabinet or panelboard under 
specific conditions
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Ser ice- ntrance Cable
�e Code permits service-entrance cables to be 
used in interior wiring systems with restrictions. 
All the circuit conductors are required to be cov-
ered with thermoset or thermoplastic insulation. 
Type SE cables without individual insulation on 
the branch-circuit conductor are not permitted 
as a branch circuit or as a feeder within a build-
ing. Type SE service-entrance cable is permitted 
for branch-circuit wiring where the fully insu-
lated conductors are used for circuit wiring and 
the uninsulated conductor is used for equipment 
grounding. An example of this type of permitted 
use is branch-circuit conductors to a 240-volt, sin-
gle-phase (no neutral) appliance such as a water 
heater or electric furnace.

Type SE cable conductors must not be subject 
to conductor temperatures in excess of the tem-
perature rating of the contained conductor insu-
lation. Typically, Type SE cables are manufactured 
with conductors that have 90°C insulation.

Type SE cable contains Type RHW, XHHW, 
or THWN conductors. Type USE contains con-
ductors that have insulation equivalent to RHW 
or XHHW. �e type designation of the conduc-
tors may be marked on the cable. When used, the 
marking indicates the equivalent temperature rat-
ing of the insulation. When the marking does not 
appear, the temperature rating of the cable is 75°C. 
Type USE-2 contains insulation that is equivalent 
to RHW-2 or XHHW-2 and is rated 90°C wet 
or dry.

Type SE cable used for interior wiring must 
comply with the same installation requirements 
for Type NM cable in Part II of NEC Article 334 
(excluding 334.80). For Type SE cable with un-
grounded conductor sizes 10 AWG and smaller, 
where installed in thermal insulation, the ampacity 
of the Type SE conductors must be in accordance 
with the 60°C (140°F) conductor temperature rat-
ing. �e maximum conductor temperature rating 
is permitted to be used for ampacity adjustment 
and correction purposes, if the final derated am-
pacity does not exceed that for a 60°C (140°F) 
rated conductor.

Photo 11.26. Type S  cable installed in the interior of a 
dwelling unit for a range circuit ( -wires)

�e NEC continues to allow the grounded con-
ductor of Type SE cable to be uninsulated where 
it supplies existing ranges and dryers in existing 
installations only. An uninsulated grounded con-
ductor is also permitted for a feeder to an existing 
separate building or structure. New installations at 
ranges, dryers, and separate buildings or structures 
require a separate insulated grounded conductor 
(neutral) and an equipment grounding conductor.

Where installed as exterior wiring, the installa-
tion must comply with the applicable Code provi-
sions for outside feeders and branch circuits. Type 
SE and SER cable is required to be supported and 
secured in intervals not exceeding 1.4 m (4½ ft) 
and within 300 mm (12 in.) from every cabinet, 
box or fitting. Outside installations are permitted 
to be supported by a messenger wire in accordance 
with NEC Articles 225 and 396. Type USE cable 
installed as underground feeder and branch circuit 
cable must comply with Part II of Article 340 
with the exception of single-conductor Type USE 
and multi-rated USE conductors.

nderground Feeder and ranch-
Circuit Cable (Type F)
Type UF underground feeder and branch-cir-
cuit cable is another wiring method suitable for 
indoor and outdoor use. �is cable is available in 
sizes 14 AWG copper or 12 AWG aluminum, or 
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Figure 11. 6. inimum co er requirements for arious wiring methods

Figure 11. 7. Protecting cables from damage with slee es is required 
where installed under buildings

copper-clad aluminum through 4/0 AWG. �e 
conductors of Type UF are required to be one of 
the moisture-resistant types listed in NEC Table 
310.104(A) that are suitable for branch-circuit 
wiring or one which is identified for such use.

In addition to the insulated conductors, Type 
UF cable is permitted to have an insulated or bare 
conductor to be used for equipment grounding 
conductor purposes only.

�e overall covering of Type UF is flame-retar-
dant and moisture-, fungus- and corrosion-resis-
tant. It is also suitable for direct burial in the earth. 

It is important to regulate rough or rocky 
backfill when using Type UF cable and 
to protect it from physical damage. Type 
UF cable is required to have a distinctive 
marking specifying the cable type on the 
exterior for its entire length. Type UF 
cable is also permitted for use as feeder 
or branch-circuit cable and like other 
conductors must be provided with prop-
erly rated overcurrent protection.

Where single conductor Type UF ca-
bles are installed, all conductors of the 
circuit, including any neutral conductor 
and equipment grounding conductor, are 
required to be run together in the same 
trench or raceway.

Where Type UF cables emerge from 
underground runs that are secured to the 
side of a building and are subjected to 
physical damage, they must be protected 
by a sleeve of rigid metal conduit, inter-
mediate metal conduit, or Schedule 80 
PVC conduit. �e ends of this raceway 
are required to be protected by a bushing 
or terminal fitting. Short metallic sleeves 
are not required to be grounded. Recom-
mended practice is to properly ground 
the metal sleeve to avoid the possibility 
of energizing it where a raceway is dam-
aged by some powerful force such as a 
car or truck bumper. Type UF cable as-
semblies are permitted to be used as an 
overhead branch circuit where they are 

supported by a messenger wire.
Type UF cable is permitted for interior wiring 

in wet, dry, or corrosive locations. Where Type UF 
cable is installed indoors as nonmetallic-sheathed 
cable, the installation requirements are required 
to follow all the provisions in Article 334, Parts 
II and III for Type NM cable. Type UF cable is 
not permitted to be used as service-entrance ca-
ble, or embedded in poured cement, concrete or 
aggregate, except where embedded in plaster as 
non-heating leads. �is type of cable is also re-
stricted for use where exposed to direct rays of 



308

the sun, unless specifically identified as sunlight 
resistant. �e ampacity of Type UF cable is that of 
60°C (140°F) conductors in accordance with NEC 
Table 310.15(B)(16) or IRC Table E3705.1.

nderground Installations and 
Co er (In eneral) 
Minimum cover requirements where cable as-
semblies or conduit or other raceways are di-
rectly buried are included in NEC Table 300.5 
or IRC Table E3803.1. Cover is defined “as the 
shortest distance measured between a point on 
the top surface of any direct-buried conductor, 
cable, conduit or other raceway and the top sur-
face of finished grade, concrete or similar cover.” 
�e term finished grade makes it necessary for 
the installer and inspection authority to be on 
the alert, especially where final grading of the 
earth covering the underground run has not 
been completed.

NEC Table 300.5 and IRC Table E3803.1 pro-
vide information for the location of the following 
types of wiring methods or circuits:

1. direct burial of cables or conductors;
2. rigid metal or intermediate metal conduit;
3. rigid nonmetallic (PVC) conduit listed for 

direct burial without concrete encase-
ment or other approved raceways;
4. residential branch circuits rated 120 

volts or less provided with GFCI 
protection and overcurrent protec-
tion not over 20 amperes;

5. and circuits for control of irrigation 
and landscape lighting limited to 
not more than 30 volts and installed 
with Type UF or in other identified 
cable or raceway.

All underground installations us-
ing metallic methods must be properly 
grounded and bonded. Where an un-
derground cable is installed under a 

building, it must be in a raceway [see exceptions 
for Type MI cable and Type MC cable listed for 
direct burial at NEC 300.5(C) or IRC E3803.11].

Where direct-buried conductors and cables 
emerge from grade and are specified in columns 1 
and 4 of NEC Table 300.5 or IRC Table E3803.1, 
they are required to be protected from physical 
damage by enclosures or raceways that extend 
from the minimum cover distance below grade 
to a point at least 2.5 m (8 ft) above the finished 
grade. In no case is this protection required to 
exceed 450 mm (18 in.) below the finished grade 
[NEC 300.5(D)(1) or IRC E3803.3]. Conductors 
entering a building are required to be protected to 
the point of entrance.

Where the enclosure or raceway is subject to 
physical damage, the conductors are required 
to be installed in rigid metal conduit, interme-
diate metal conduit, Schedule 80 PVC conduit 
or equivalent. Where direct-buried conductors, 
raceways, or cables are subject to damage by 
ground movement due to frost or settlement, 
wiring must be arranged to prevent damage to 
the conductors or connected equipment. A cou-
ple of common methods can be used to provide 
this protection. Slack in the direct burial cables 
or conductors that create an “S” loop prior to 
the transition to the conduit sleeve is acceptable. 
Conduit expansion fittings and flexible wiring 

Photo 11.27. xpansion coupling NEC 00.5( )  in ser ice lateral 
conduit
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methods installed in risers from the ground to 
connected equipment are other popular methods 
of providing protection [see photo 11.27; NEC 
230.32 and 300.5( J) or IRC E3803.9].

Splices and Taps in Direct-Buried
Conductors
Direct-buried conductors or cables are permitted to 
be spliced or tapped without the use of splice boxes. 
Splices or taps are required to be made by meth-
ods identified for the use using listed materials. See 
Chapter 1 of this text for additional information on 
requirements for splicing underground conductors. 
Backfill containing large rocks, paving materials, 
cinders, large or sharply angular substances, or cor-
rosive materials cannot be placed in an excavation 
where they may damage raceways, cables or other 
substructures, or prevent adequate compacting of 
fill, or contribute to corrosion of raceways, cables 
or other substructures. Where necessary to prevent 
physical damage to the raceway or cable, protec-
tion must be provided in the form of granular or 
selected backfill material, suitable running boards, 
suitable sleeves or other approved means. Conduits 
or raceways through which moisture may contact 
energized live parts are required to be sealed or 
plugged at either or both ends.

Presence of hazardous gases or vapors (such as 
methane) may also necessitate sealing of under-
ground conduits or raceways entering buildings.

A bushing or terminal fitting provided with an 
integral bushed opening is required to be used at 
the end of a conduit or other raceway that termi-
nates underground where the conductors or ca-
bles emerge as a direct-burial wiring method. A 
seal incorporating the physical protection char-
acteristics of a bushing is permitted to be used 
in lieu of a bushing. [NEC 300.5 or IRC Section 
E3803]

Flexible Cords
Flexible cords cannot be used as a substitute for 
the fixed wiring methods such as cables or race-

ways. Cords are permitted for connection of por-
table lamps or appliances. Cords can also be used 
for connection of luminaires. Some additional 
conditions apply. 

Flexible cords can be used for a cord- and 
plug-connection to stationary equipment for the 
following purposes:

1. to facilitate their frequent interchange; 
2. to prevent transmission of noise or vibra-

tion; and 
3. where the fastening means and mechani-

cal connections are specifically designed to 
permit ready removal for maintenance and 
repair and the appliance is intended or spe-
cifically identified to be supplied by a flexi-
ble cord connection.

Flexible cords are not permitted to be run 
through holes in walls, structural ceilings, sus-
pended ceilings, dropped ceilings or floors. �ey 
are not permitted to be concealed by walls, floors, 
or ceilings, or located above suspended ceilings. 
Flexible cords cannot be attached to the building 
surfaces. Chapter 13 and Chapter 7 of this book 
give examples of some of the common permitted 
uses of cords.

Product Safety Standard 
Requirements
It is recommended that the following electrical 
product safety guide card information and prod-
uct safety standards be consulted for additional 
guidance on the proper installation, operation and 
use of electrical equipment covered in this chapter. 
�e four-letter code in parenthesis refers to the 
product category in the UL Guide Information 
for Electrical Equipment Directory (UL Product 
Spec material)

• Equipment for Use in Ordinary Locations             
(AALZ)

• Armored Cable (AWEZ)
• Armored Cable Type AC, Connectors       

(AWSX)
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• Flexible Conduit, Liquidtight (DWWY)
• Flexible Metal Conduit (DXUZ)
• Grounding and Bonding Equipment 

(KDER)
• Nonmetallic-Sheathed Cable (PWVX)
• Nonmetallic-Sheathed Cable Connectors     

(PXJV)
• Receptacles for Attachment Plugs and 

Plugs (RTRT)
• Service Cable (TXKT)
• Underground Feeder and Branch-Circuit      

Cable (YDUX)

eferences
1National Electrical Code and NEC are registered trademarks of 

the National Fire Protection Association, Inc., Quincy, MA 02169. 

�is reprinted material is not the official position of the National Fire 

Protection Association, which is represented only by the standard in 

its entirety.

2International Residential Code for One- and Two-Family 

Dwellings (2018). Copyright © International Code Council, Inc., 

February 2017.

3Underwriters Laboratories Inc. (UL), Northbrook, IL. UL 

Guide Information for Electrical Equipment Directory (UL Product 

Spec material) unless indicated otherwise.
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Questions
1. A wall receptacle outlet is required above 

kitchen counter spaces wider than what dimen-
sion?

A. 150 mm (6 in.)
B. 225 mm (9 in.)
C. 250 mm (10 in.)
D. 300 mm (12 in.)

2. A wall between two closets in a bedroom re-
quires a receptacle outlet in that space where the 
wall measures ______ or more in width.

A. 600 mm (2 ft) 
B. 1.2 m (4 ft)
C. 1.8 m (6 ft)
D. 3.7 m (12 ft)

3. A receptacle outlet installed for a washing ma-
chine and gas dryer must be located within what 
distance of the intended location of the appliance?

A. 1.8 m (6 ft)
B. 2.1 m (7 ft)
C. 2.5 m (8 ft)
D. 2.7 m (9 ft)

4. A lampholder with a pull-chain (no wall 
switch) is permitted as the required illumination 
within a detached garage with electric power.

True ______ False ______

5. �e maximum cord- and plug-connected load 
permitted on a 15-ampere rated receptacle is:

A. 15 amperes
B. 12 amperes
C. 10 amperes
D. 7.5 amperes

6. A cord- and plug-connected household elec-
tric range supplied by a 40-ampere circuit is per-
mitted to be connected to a receptacle rated at:

A. 15 or 20 amperes
B. 20 or 30 amperes
C. 40 or 50 amperes
D. None of the above

7. An individual 20-ampere rated branch circuit 
serves a single receptacle for a washing machine. 
�e rating of the receptacle must not be less than:

A. 12 amperes
B. 15 amperes
C. 16 amperes
D. 20 amperes

8. If a point along the baseboard of a wall of a 
living room is 2.1 m (7 ft) from the nearest re-
ceptacle outlet, an additional receptacle must be 
installed.

True ______ False ______

9. �e standard circuit ratings of 15, 20, 30, 40 
and 50 amperes apply only to circuits having:

A. a minimum of three outlets
B. more than three outlets
C. more than two outlets
D. two or more outlets

10. �e rating of any one portable cord- and 
plug-connected appliance used on a 30-ampere 
branch circuit cannot exceed:

A. 30 amperes
B. 27 amperes
C. 24 amperes
D. 21 amperes
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11. Listed switch kits and listed switch assem-
blies constructed with nonmetallic yokes and 
equipped with nonmetallic faceplates are not re-
quire to be grounded.

True ______ False ______

12. Outdoor lighting outlets installed where lo-
cated at outdoor entrances of dwelling unit(s) are 
generally required or permitted to be:

A. controlled by a pull-chain lampholder
B. wall switched-controlled
C. controlled by a circuit breaker only
D. controlled by a Type S fuse only

13. An electric range rated at 8¾ kW or more 
must have a minimum branch-circuit rating of 
how many amperes?

A. 30
B. 40
C. 50
D. 60

14. Receptacle outlets are generally required to 
be located __________ but not more than 500 
mm (20 in.) above the countertop in order to serve 
that countertop.

A. above
B. on or above
C. above or below
D. beside or above

15. At dwelling units, a receptacle outlet(s) must 
be installed wherever:

A. kitchen countertops are 250 mm (10 in.)  
 or wider

B. wall spaces in a living room are    
 300 mm (12 in.) or wider

C. required by the authority having jurisdiction
D. flexible cords with attachment plugs   

 are used

16. A box, cable or raceway-type wiring method 
is prohibited from being installed directly under 
metal-corrugated sheet roof decking unless the 
nearest outside surface of the cable or raceway is 
at least ______________ from the nearest surface 
of the roof decking.

A. 19 mm (¾ in.)
B. 32 mm (1-¼ in.)
C. 38 mm (1-½ in.)
D. 50 mm (2 in.)

17. Each multiwire branch circuit shall be provid-
ed with a means that will ___________________ 
all ungrounded conductors at the point where the 
branch circuit originates.

A. provide arc-fault circuit-interrupter   
 protection for

B. disconnect
C. simultaneously disconnect
D. provide ground-fault circuit    

 protection for

18. �e maximum voltage permitted between 
branch-circuit conductors in dwelling units that 
supply luminaires is:

A. 250 volts
B. 240 volts
C. 150 volts
D. 120 volts

19. Rigid PVC conduit installed below a drive-
way between a house and a garage must be buried 
at least what distance?

A. 250 mm (10 in.)
B. 300 mm (12 in.)
C. 400 mm (16 in.)
D. 450 mm (18 in.)
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20. At least _______ of free conductor must be 
left at each outlet and switch point for splices or 
the connection of luminaires or devices.

 
A. 150 mm (6 in.)
B. 100 mm (4 in.)
C. 75 mm (3 in.)
D. 50 mm (2 in.)

21. Protection is required for exposed or con-
cealed cables and raceways that are installed par-
allel to framing members, such as joists, rafters, 
or studs, where the nearest outside surface of the 
cable or raceway is less than what distance from 
the nearest edge of the framing member where a 
nail or screw is likely to penetrate?

A. 13 mm (½ in.)
B. 19 mm (¾ in.)
C. 25 mm (1 in.)
D. 32 mm (1-¼ in.)

22. All 15- and 20-ampere, 125- and 250-
volt nonlocking receptacles installed in damp 
or wet locations are required to be of the listed 
__________ type receptacles.

A. weather-proof
B. wet location
C. weather-resistant
D. any of the above

23. �e minimum cover permitted for Type UF 
cable buried to a post light at a one-family dwell-
ing is not less than what distance where a 20-am-
pere, GFCI-protected branch circuit rated at 120 
volts or less is installed?

A. 150 mm (6 in.)
B. 300 mm (12 in.)
C. 450 mm (18 in.)
D. 600 mm (24 in.)

24. Sheet metal screws or other types of screws 
that do not engage a minimum of two threads are 
not permitted to be used for connecting equip-
ment grounding conductors or bonding jumpers 
to enclosures.

True ______ False ______

25. Where more than _______ Type NM ca-
bles containing two or more current-carrying 
conductors are installed in contact with thermal 
insulation without maintaining spacing between 
cables, the allowable ampacity of each conductor 
is required to be adjusted in accordance with NEC 
Table 310.15(B)(3)(a) or IRC Table E3705.3

A. one
B. two
C. three
D. four

26. Conductors emerging from the ground 
require protection from physical damage where 
installed on a utility pole. What is the minimum 
height above the finished grade for this protection?

A. 3.7 m (12 ft)
B. 3.4 m (11 ft)
C. 3.0 m (10 ft)
D. 2.5 m (8 ft)

27. Conductor insulation of a Type NM non-
metallic-sheathed cable assembly is required to be 
rated at:

A. 90°C (140°F)
B. 60°C (140°F)
C. 90°C (194°F)
D. 75°C (167°F)
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28. Type UF cable must not be used when ex-
posed to direct rays of the sun unless it is identi-
fied as being sunlight-resistant.

True ______ False ______

29. Foyers that are not part of a hallway in ac-
cordance with NEC 210.52(H) or IRC E3901.10 
and that have an area that is greater than 5.6 m2

(60 ft2) shall have a 125-volt, 15- or 20-ampere re-
ceptacle(s) located in each wall space __________ 
or more in width and unbroken by doorways, floor 
to ceiling windows, and similar openings.

A. 1.8 m (6 ft)
B. 1.2 m (4 ft)
C. 900 mm (3 ft)
D. 600 mm (2 ft)

30. �e minimum size of conductors used for 
branch circuits, whether solid or stranded, is 14 
AWG copper or 12 AWG aluminum or cop-
per-clad aluminum.

True _____ False _____

31. At dwelling units, at least one receptacle 
outlet is required to be installed in hallways of 3.0 
m (10 ft) or more in length.

True _____ False _____

32. Fixture wires cannot be sized smaller than 
16 AWG.

True _____ False _____

33. Each conductor entering a nominal 295 cm3 

(18 cu. in.) device box shall extend a minimum of 
what distance past the opening of the box?

A. 65 mm (2-½ in.)
B. 75 mm (3 in.)
C. 90 mm (3-½ in.)
D. 150 mm (6 in.)

34.  Branch circuit(s) supplying garage recepta-
cle(s) are allowed to supply other receptacle out-
lets outside of the garage area.

True _____ False _____

35.  Crawl spaces with a lighting outlet not ex-
ceeding 120-vols shall be protected by an arc-fault 
circuit-interrupter. 

True _____ False _____

36. Receptacles located in an appliance garage 
cannot count as the required receptacle for kitch-
en countertop spacing. 

True _____ False _____

37. At least __________ 120-volt, 20-ampere 
branch circuit is required to be provided in at-
tached and detached garages to supply only the 
garage receptacle outlets. 

A. 1
B. 2
C. 3
D. 4
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Definitions 
Cabinet. An enclosure that is designed for 
either surface mounting or flush mount-

ing and is provided with a frame, mat, or trim in 
which a swinging door or doors are or can be hung.

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.

Boxes such as FS and FD or larger cast or sheet 
metal boxes are not classified as conduit bodies.

Handhole Enclosure. An enclosure for use in 
underground systems, provided with an open or 

Chapter 12

Outlet Boxes and 
Other enclosures

closed bottom, and sized to allow personnel to 
reach into, but not enter, for the purpose of in-
stalling, operating, or maintaining equipment or 
wiring or both. 

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

Types of onmetallic and etal 
oxes

An outlet or switch box is a type of enclosure used 
for supporting and enclosing wiring devices such 
as switches or receptacles. �is type of box typi-
cally has threaded mounting holes for securing the 



316

yoke or strap of the device to the box. For an outlet 
or switch box, the device mounting holes accept a 
6-32 machine screw. �e boxes are usually square 
or rectangular and are available in a variety of 
depths. �ese enclosures may be used in the one, 
two, three, or more gang types.

Boxes for supporting luminaires and ceiling 
paddle fans are available in the round, pancake 
and octagonal types. �e mounting holes on this 
type of box accept an 8-32 machine screw. Where 
a square metal box is used, it may be used for the 
support of a luminaire or device, depending on the 
type of raised cover used. �ese covers are often 
referred to as plaster or mud rings.

A box used to enclose flush devices is required 
to be of such design that the devices will be com-
pletely enclosed on back and sides, and substantial 
support for the devices will be provided.

Conduit odies
A conduit body is a conduit fitting. It is often used 
with a conduit or tubing system instead of a pull 
box. A conduit body has a removable cover. �e 
conduit body is often referred to by the orienta-
tion of the conduit entry with respect to the cover. 
For example, an “LB” type conduit body has a con-
duit entry opposite the removable cover.

oxes or Conduit odies  here 
equired

�e Code contains specific requirements for where 

Photo 12.1. Conduit body (typical)

Photo 12.2. Typical -gang nonmetallic switch box installed 
at a dwelling unit

Photo 12. . onmetallic switch box (single-gang) ote 
that cables are secured within 200 mm (  in.) of box in 
accordance with C 1 .17(C)  x.

Photo 12. . Panca e style luminaire box
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a box or conduit body is required in the wiring 
system. �ere are several general requirements 
with additional sections that cover specific wiring 
methods, enclosures, or conditions. We will review 
the general requirements and those specific con-
ditions that are usually encountered in a one- or 
two-family dwelling.

�e general requirement applies to wiring 
methods such as conduit, electrical metallic tub-
ing, Type MC cable, Type AC cable, and nonme-
tallic-sheathed cable. Where the conductors are 
spliced or terminated at outlet, switch, junction, 
pull or splice points, a box or conduit body gen-
erally must be installed. In addition, a box is re-
quired to be installed at outlet and switch points 
for concealed knob-and-tube wiring (NEC 300.15 
or IRC E3905.1).

A box is not required where cables enter or exit 
from conduit or tubing that is used to provide ca-
ble support or protection against physical damage. 
A fitting is required on the end(s) of the conduit or 
tubing to protect the wires or cables from abrasion. 
�is type of fitting should have a nonmetallic pro-
tective bushing or adaptor at the point where the 
cable enters the raceway. �is installation meth-
od is often used in exposed locations such as the 
basement or garage. Typically, a length of electrical 
metallic tubing (EMT) or rigid polyvinyl chloride 

conduit (PVC) is secured to the wall. 
�e conduit terminates with one end in 
a conventional device box. Nonmetal-
lic cable is pulled through a bushing or 
adaptor on the other end of the conduit. 
Enough of the nonmetallic cable jacket 
is stripped back to permit the conductors 
to be terminated on the switch or recep-
tacle within the box [NEC 300.15(C) or 
IRC E3905.1.2].

A box is not required if the wiring de-
vice has an integral enclosure. �is type 
of device shall be identified for the use 
and have brackets that securely fasten the 
device to walls or ceilings. Switches and 
receptacles of this type are identified for 
use with nonmetallic-sheathed cables. 

�e termination compartment is an integral part 
of the device and no separate enclosure is required. 
While typically installed in manufactured housing 
such as manufactured homes, manufactured dwell-
ings and recreational vehicles, this type of device is 
permitted in conventional stick-built wood frame 
construction. In addition to NEC 300.15(E), NEC 
sections 334.30(C); 545.10; 550.15(I); 551.47(E), 
Exception No. 1; and 552.48(E), Exception No. 1 
or IRC E3905.1.3 contain specific provisions for 
wiring devices with integral enclosures used in ap-
plications covered by these articles.

Direct-buried conductors or cables are permit-
ted to be spliced or tapped without the use of a 
splice or junction box. A handhole enclosure is 
often used where access to the splices after in-
stallation is desired. Wire connectors or splicing 
devices used with direct burial conductors and 
cables must be listed or identified for such use. 
Specific installation details are often found in the 
manufacturer’s instructions. It is important to fol-
low these instructions in order to make the splice 
or joint watertight. Separately installed pressure 
connectors must be used with conductors at am-
pacities that do not exceed the ampacity at the 
listed and identified rating of the connector. See 
Chapter 1 of this publication for additional infor-
mation on this subject. In addition, the depth of 

Figure 12.1. ox is not required where cable enters or exits a conduit 
or tubing pro iding physical protection
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direct-buried cables must comply with the burial 
depth requirements [NEC 300.5(E); 300.15(G); 
or IRC E3803.4].

eneral ules for oxes
�e Code includes general rules for boxes such as 
sizing and support provisions. All boxes (enclo-
sures) must be large enough to provide for suf-
ficient free space for all conductors and devices 
that will be enclosed within them to prevent over-
crowding and possible physical damage when the 
devices or splices are installed or completed. Out-
let boxes that do not contain devices or utilization 
equipment are permitted to have an internal depth 
of less than 12.7 mm (½ in.). Boxes that enclose 
large equipment are required to have a depth that 
is not less than the depth of the equipment plus 6 
mm (¼ in.). Large equipment is defined as devices 
or utilization equipment that projects more than 
48 mm (1 ⅞ in.) rearward from the mounting 
plane of the box [NEC 314.24 or IRC E3905.4].

Other boxes that enclose devices or utilization 
equipment are to be sized based on the supply con-
ductors that supply the devices or utilization equip-
ment (see Table 12.1).

In completed installations, each box is required 
to have a cover, faceplate or luminaire canopy. One 

reason behind this rule is that failures are 
likely to occur at a joint, splice, or termi-
nation. �is type of failure often starts 
with a loose connection, and may result in 
a great deal of heat and be accompanied 
by arcing. A box or conduit body reduces 
the likelihood of adjacent combustible 
materials being ignited by heat or arcing 
(NEC 314.25; 410.22 and IRC E3906.9).

Screws used for the purpose of attach-
ing covers, or other equipment, to the 
box are required to be either machine 
screws matching the thread gauge or 
size that is integral to the box or must 
be in accordance with the manufactur-
er’s instructions. �is means the use of 

drywall screws or sheet-metal screw for attaching 
covers, luminaires, or other equipment to box-
es is unacceptable. �is crude practice can result 
in damage to the box and inadequate support of 
the attached cover, luminaire, or equipment itself 
[NEC 314.25, 404.10(B), 406.5 or IRC E3906.9, 
E4001.10, E4002.6].

Metal boxes, covers, or cover-plates are required 
to be grounded. NEC 250.110 or IRC E3908.2 
specifically requires that exposed non–current-car-
rying metal parts of fixed equipment be ground-
ed by connection to the equipment grounding 
conductor. Specifically, 250.110(5) requires that 
a metal box or enclosure be grounded if supplied 
by a metal raceway, metal-clad or metal-sheathed 
cable, or other wiring method that includes an 
equipment grounding conductor. �e attachment 
of a metal cover or plate to an effectively grounded 
enclosure or device usually fulfills this require-
ment [NEC 250.110(5); 314.4; 314.28(C) or IRC 
E3908.2, E3906.10].

Metal boxes have a means for connecting the 
box to an equipment grounding conductor; typ-
ically this consists of a 10-32 tapped hole. Some 
nonmetallic boxes contain an integral means for 
bonding switches and metal faceplates to the 
equipment grounding conductor. �e bonding 
means may be a metal strap or band that links the 
device mounting screw to an equipment ground-

Table 12.1. inimum depth of boxes for outlets  de ices  or utili ation 
equipment
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ing terminal [NEC 314.40(D); and IRC 
E3905.2 and E3905.3].

ox olume Calculations
Volume of a box is the total volume 
in cubic millimeters or cubic inches of 
the assembled sections. Where used, 
the space provided by plaster rings, 
domed covers and extension rings that 
are marked with their volume in cubic 
inches is included. If the extension ring 
is made of metal and corresponds to a 
size listed in NEC Table 314.16(A) or 
IRC Table E3905.12.1, the appropri-
ate volume for that size box is used as 
the volume of the extension ring. Total 
volume is the volume of the box plus the volume 
of any attached plaster rings, extension rings, or 
domed cover.

�is total volume (space) determines the num-
ber and size of conductors and wiring devices 
permitted to be contained in the box. Conductors, 
internal clamps, barriers, support fittings, and 
devices such as switches and receptacles take up 
space within the box. So the Code assigns to each 
conductor, clamp, barrier, support fitting, device 
and equipment grounding conductor an associ-
ated volume allowance. �is volume allowance is 
listed in cubic inches or cubic centimeters. Tables 
in the NEC and the IRC list the volume allow-
ance as a function of conductor size [NEC Table 
314.16(B) and IRC Table E3905.12.2.1]. �e vol-
ume allowance for each conductor, clamp, support 
fitting, device, and equipment grounding conduc-
tor is added together. �e box must have a volume 
that equals or exceeds the total volume required 
for the contained items and conductors.

Sometimes, more conductors end up in boxes 
than were originally intended. For example, the 
conduit may be of sufficient size for a new circuit; 
however, the pull or outlet box may not have suf-
ficient volume. Where practicable, an extension 
ring that is the same shape as the box can be in-
stalled; this will add the required additional space 

so the original box does not have to be replaced. 
Sometimes it is necessary to replace the original 
box with a deeper metallic or nonmetallic box 
to achieve the required volume of space [NEC 
314.16(A) or IRC E3905.12.1].

Standard etal oxes
�e Code covers the maximum number of conduc-
tors permitted within a standard metal box. �ese 
boxes may have their cubic millimeter (cubic inch) 
capacity marked on the box where their capacity 
is larger than given in the volume allowance table, 
but that is not required.

Table 314.16(A) in the NEC and Table 
E3905.12.1 in the IRC provide box dimension 
and trade size in inches for standard metal boxes. 
�e minimum cubic millimeter (cubic inch) ca-
pacity for each standard size metal box is given 
along with the maximum number of conductors of 
sizes 18 AWG through 6 AWG permitted in the 
box. As shown in the table, the number of conduc-
tors permitted applies only where all conductors 
are the same size. Where a box contains conduc-
tors of different sizes, the required volume of the 
box must be calculated.

A calculation is also required if the box contains 
devices, clamps, barriers, or support fittings. No 

Figure 12.2. olume of standard metal boxes is gi en in C Table 
1 .16(A)
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volume allowances are required for small 
fittings such as locknuts and bushings 
[NEC 314.16(B) or IRC E3905.12.2].

ther oxes  ( onmetallic 
oxes) 

Metal boxes may be manufactured in siz-
es other than those listed in NEC Table 
314.16(A) or IRC Table E3805.12.1. 
�is type of box is called a non-standard 
box. Nonmetallic boxes made in cus-
tom sizes are called non-standard also, 
if their dimensions different from those 
in NEC Table 314.16(A) or IRC Table 
E3905.12.1. All non-standard boxes 
must have their cubic millimeter (cubic 
inch) capacity durably and legibly marked 
by the manufacturer on the inside of the 
box. Additional markings on nonmetallic 
boxes may include the type of fire-resis-
tive wall, floor, or ceiling assembly for 
which the box is suitable. A box listed 
for the support of a luminaire or lam-
pholder in a ceiling shall be designed for 
the purpose and is required to support a 
luminaire weighing a minimum of 23 kg 
(50 lb). Boxes used at luminaire or lam-
pholder outlets in a wall are required to be 
designed for the purpose and are required 
to be marked on the interior of the box 
itself to indicate the maximum weight 
of the luminaire that is permitted to be 
supported by that box in the wall [if other 
than 23 kg (50 lb)]. Vertical surface or wall-mount-
ed device boxes are permitted to support luminaires 
that weigh not more than 3 kg (6 lb). �ese de-
vice boxes may not be marked as being suitable for 
luminaire support since that is not their primary 
purpose. �e luminaire or its supporting yoke must 
be secured to the box with at least two 6-32 screws 
[NEC 314.27(A) or IRC E3905.6].

Requirements for determining the maximum 
number of conductors permitted in non-standard 
or nonmetallic boxes are given in NEC 314.16(B) 

Photo 12.5. olume of metal boxes is based on total olume of 
assembled sections including plaster rings or co ers with mar ed 
olumes

Figure 12. . ox olume for standard boxes

or IRC E3905.12.2. �e individual volume of each 
conductor, clamp, and fitting is provided in the vol-
ume allowance table [NEC Table 314.16(B) and 
IRC Table E3905.12.2.1]. �e minimum volume 
of the box is the total of the individual volumes 
required for each conductor, device or fitting.

A typical nonmetallic, single-gang device box 
typically used for new construction does not have 
internal clamps. �e openings on a single-gang 
nonmetallic box are considered knockouts. As a 
result, no volume allowance for clamps is required 
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on a single-gang nonmetallic box. Multiple-gang 
device nonmetallic boxes and round or octagonal 
boxes have internal clamps. �ese clamps may be 
field-installed or incorporated into the box by the 
manufacturer. A single volume allowance is made 
for one or more internal clamps that are present in 
the box. �e volume allowance for clamps that are 
an integral part of the box construction is included 
in the marked volume of the box.

ox Fill Calculations
�e Code provides the method for determining 

the minimum cubic millimeter (cubic 
inch) volume required in non-standard 
or nonmetallic boxes. �is same method 
is used to determine the minimum vol-
ume of standard boxes that have more 
than one size of conductors or any de-
vices installed in them. �is method re-
quires the addition of all the allowances 
required for various items, and this sum 
then becomes the minimum volume re-
quired for the box. At that point, the size 
of a standard (metal) box or nonmetallic 
box with a cubic inch volume that equals 
or exceeds the volume required can be 
determined.

As stated previously, no allowance 
is required for small fittings in boxes 
such as for locknuts, bushings and parts 
of cable connectors that are inside sin-
gle-gang nonmetallic boxes.

Cubic millimeter (cubic inch) volume 
for each item that must be considered is 
given in NEC Table 314.16(B) or IRC 
Table E3905.12.2.1. �is table gives the 
cubic millimeter (cubic inch) volume al-
lowance required for conductors from 18 
AWG through 6 AWG.

Conductor Fill
�e Code requires each conductor that 
originates outside the box and termi-

nates or is spliced within the box to be counted 
once. Each conductor that passes through the 
box without splice or termination is also required 
to be counted once. A looped, unbroken conduc-
tor 300 mm (12 in.) or longer is counted as two 
conductors. A conductor which originates in, and 
of which no part leaves the box, is not required to 
be counted. �ese are often jumpers or “pigtails” 
to wiring devices.

An exception to this rule applies to the con-
ductors that are part of the luminaire wiring. It 
permits equipment grounding conductor(s) or 
not more than four fixture wires smaller than 14 

Figure 12. . Conductor fill for nonmetallic other boxes

Photo 12.6. onmetallic box with plaster extension ring
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AWG, or both, to be omitted from the 
fill calculations. �e conductors must 
enter a box from a domed luminaire or 
similar canopy, and are required to ter-
minate within the outlet box.

Clamp Fill
�e Code provides information on the 
volume required for clamp fill. Where 
one or more internal cable clamps, 
whether factory or field-supplied, are 
present in the box, a single volume al-
lowance in accordance with NEC Table 
314.16(B) or IRC Table E3905.12.2.1 is 
required to be made based on the largest 
conductor present in the box. �is sec-
tion requires a single volume allowance 
for all the clamps that are internal to the 
box, regardless of the number of clamps. 
Volume allowance is required for non-
metallic boxes (other than single-gang 
nonmetallic boxes) with integral cable 
clamps. Before the total box volume 
can be determined on nonmetallic box-
es (other than single-gang boxes), the 
manufacturer is required to remove the 
internal clamping mechanism; then total 
box volume is determined by a nationally 
recognized testing laboratory (NRTL). 
Single-gang boxes are determined to 

have knockouts rather than cable clamps, so no 
deduction is required for cable clamps for sin-
gle-gang nonmetallic boxes when securing non-
metallic-sheathed cable within 200 mm (8 in.) of 
the box as allowed by NEC 314.17(C) Exception 
or IRC E3905.3.2 Exception. No allowance is re-
quired to be made for a cable connector with its 
clamping mechanism outside the box (see Photo 
12.5). A clamp assembly listed and marked for use 
with specific nonmetallic boxes that incorporates 
a cable termination for the cable conductors have 
been introduced to the electrical industry in re-
cent years. Conductors that originate within the 
clamp assembly shall be included in conductor fill 

Table 12.2. ox olume calculations  standard and nonstandard boxes

Photo 12.7. onmetallic barrier designed to be installed in 
a nonmetallic box
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calculations as though they entered from 
outside the box [NEC 314.16(B)(2) or 
IRC E3905.12.2.2].

arriers Installed in oxes
Where a box is provided with one or 
more securely installed interior bar-
riers, the Code requires the volume of 
that barrier to be allocated to each of 
the resulting spaces. Each barrier, if not 
marked with its volume, will need to be 
considered as take up 8.2 cm3 (½ in.3) 
of space if metal, and 16.4 cm3 (1 in.3) 
if nonmetallic. �is volume allowance is 
based on a simple volume calculation of 
100 mm x 50 mm x 1.6 mm (4 in. x 2 in. 
x 1/16 in.) for metal, and double that volume for 
nonmetallic barriers. Each space within a box in-
stalled with an interior barrier will need to be cal-
culated separately as two separate boxes or spaces 
[NEC 314.16(A) and (B) or IRC E3905.12.1 and 
E3905.12.2].

Support Fittings Fill
Where one or more fixture studs or hickeys are 
present in the box, a single volume allowance is re-
quired to be made for each type of fitting in the box.

Where both a fixture stud and a hickey are 
present in the box, two volume allowances must 
be made. One volume allowance is made for the 
fixture stud; the other, for the hickey. Each vol-
ume allowance is based on the largest conductor 
present in the box [NEC 314.16(B)(3) and IRC 
E3905.12.2.3].

A fixture stud is a fitting that mounts to the top 
of the box, usually inserts through the knockout 
of a metal box, and is threaded to accommodate 
the fixture stem. A hickey is a fitting that can be 
described as a coupling that has threads the same 
size as the fixture stem and has an oval-shaped 
hole on one or more sides for the fixture wires to 
exit inside the box. �e hickey is usually threaded 
onto the fixture stud with the fixture stem thread-

ed into it. �ese fittings, while used in many ex-
isting installations, have fallen out of popular use. 
Nowadays, a fixture strap or hanger strap is typi-
cally secured to the box with two 8-32 screws, and 
the luminaire is mounted to the strap.

De ice or quipment Fill
Minimum requirements for device or equipment 
fill are also provided in the Code. A double volume 
allowance is required for each yoke or strap con-

Photo 12. . Single-gang nonmetallic box-fill calculated 
by the olume required per conductor  de ices  etc. 
(conductors ha e been pulled out of box for ease of 
counting total number of conductors)

Table 12. . olume allowance required per conductor NEC Table 
1 .16( )
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taining one or more devices or equipment. Table 
314.16(B) or IRC Table E3905.12.2.1 gives the 
volume allowance. �is volume allowance is based 
on the largest conductor connected to a device(s) 
or equipment supported by that yoke or strap.

�is requirement applies to devices such as switch-
es, timers, dimmers and receptacles. �e word equip-
ment is intended to include items like pilot lights.

Each device or equipment is considered indi-
vidually where more than one item is contained 
in the box. For example, if a switch has 14 AWG 
wire connected to it, a volume allowance of 2 x 
2.0 cubic inches or 4 cubic inches is required. If a 

receptacle has 12 AWG wire connected 
to it, a volume allowance of 2 x 2.25 or 
4.5 cubic inches must be made for that 
particular device.

Any device or utilization equipment 
wider than a single 50 mm (2 in.) device 
box is required to have a double volume 
allowance provided for each gang re-
quired for mounting. �is would apply 
to a device such as a dryer receptacle that 
would require two yokes for mounting. 
A device such as this would be required 
to be counted as four conductors based 
on the largest conductor connected to 
such device [NEC 314.16(B)(4) or IRC 
E3905.12.2.4].

quipment rounding 
Conductor Fill
Requirements for equipment grounding 
and equipment bonding conductor fill 
are covered in the Code. A single volume 
allowance is made regardless of the num-
ber of equipment grounding conductors 
installed. �e allowance is based on the 
largest equipment grounding or equip-
ment bonding conductor present in the 
box. Where an additional set of equip-
ment grounding conductor(s) is present 
in the box, such as an isolated equipment 
grounding conductor for an isolated 

receptacle as permitted by NEC 250.146(D), an 
additional volume allowance is required based on 
the largest isolated equipment grounding conduc-
tor(s) in the additional set [NEC 314.16(B)(5) or 
IRC E3905.12.2.5].

Pull and unction oxes and 
Conduit odies
Pull and junction boxes used with conductors 4 
AWG and larger must be sized to meet the require-
ments of NEC 314.28. If the conductors are pulled 
straight through the box, the length of the box is eight 

Figure 12.5. inimum cubic inches needed for box  (See Figure 12.2 )

Figure 12.6. uminaire conductors entering lighting outlet box
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times the trade size of the largest raceway. 
When transposing cable size into raceway 
size, the minimum size raceway required 
for the number and size of the conductors 
in the cable is used in the calculation.

Where splices are made in the box, or 
where the conductors are formed into a 
U-pull or angle-pull, the calculation is 
slightly more complex. �e dimension 
between the wall of the box where the 
conduit enters and the opposite wall of 
the box is calculated by multiplying the 
trade size of the largest raceway size by 
six. �is distance is increased if there are 
any other raceway entries in the same 
row on the same wall of the box. �e 
trade sizes of the additional raceways are 
added up and added to the initial result.

Where conduit bodies contain con-
ductors in sizes 4 AWG or larger, di-
mension requirements must be met. For 
straight pulls, the length of the conduit 
body is to be not less than eight times 
the trade diameter of the largest raceway. 
Where an angle or U-pull is being made, 
the distance between the raceway entry 
and the opposite wall of the conduit 
body must be not less than six times the 
largest raceway. In addition, the distance 
between the conduit entries (containing 
the same conductor) in the conduit body 
must be not less than six times the trade 
diameter of the larger raceway. Short ra-
dius conduit bodies, such as capped elbows and 
service-entrance elbows, enclosing 6 AWG or 
smaller conductors are not permitted to contain 
splices, taps or devices. �ese conduit bodies must 
be of adequate size to provide free space for all 
conductors enclosed in the fitting [NEC 314.28, 
314.16(C)(3)]. See chapter 6 for more informa-
tion on conduit bodies.

ultiple Cable ntries
In general, the Code requires that cables be 

clamped or otherwise secured to the box. �e Code
permits (by exception) multiple cable entries in a 
single knockout opening in nonmetallic boxes.

�e exception permits Type NM cable or Type 
UF cable to enter a nonmetallic box without 
being clamped to the enclosure. �is exception 
applies only to single-gang nonmetallic boxes 
with nominal dimensions of 57 mm (2¼ in.) x 
100 mm (4 in.). �e box must be mounted in a 
wall or ceiling. Cable entries into the box are not 
required to be secured to the box if the cable is 
secured or fastened within 200 mm (8 in.) of the 

Figure 12.7. Dimensions of pull or unction boxes containing 
conductors of si es  A  or larger

Figure 12. . Dimensions of conduit bodies containing conductors of 
si es  A  or larger
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box [NEC 314.17(C) Ex-
ception or IRC E3905.3.2 
Exception].

No maximum number of 
cables permitted to enter 
through a single knockout is 
given. However, the knock-
out in the box provided by 
the manufacturer cannot be 
enlarged in the field [NEC 
110.3(B) or IRC E3403.3].

oxes in et or 
Damp ocations
Boxes, conduit bodies and 
fittings installed in damp or 
wet locations must be posi-
tioned or equipped so as to prevent moisture from 
entering or accumulating within the box, con-
duit body or fitting. Boxes, conduit bodies, outlet 
box hoods, and fittings installed in wet locations 
must be specifically listed for use in wet locations. 
Drainage openings that are not smaller than 3 mm 
(⅛ in.) and not larger than 6 mm (¼ in.) are per-
mitted to be installed in the field in boxes or con-
duit bodies listed for use in damp or wet locations. 
Larger openings are permitted to be installed in 
the field in accordance with manufacturer’s in-
structions [NEC 314.15 or IRC E3905.11].

Wet locations include installations underground, 
or in concrete slabs or masonry in direct contact 
with the earth, locations subject to saturation with 
water or other liquids, such as the area outdoors 
where the A/C unit is located, and locations ex-
posed to weather and unprotected. �e interior of 
enclosures or raceways installed underground or 
of raceways installed in wet locations abovegrade 
are also considered to be a wet location [NEC 
300.5(B), 300.9 or IRC E3803.10, E3802.8].

Installation of  ocation of  
xtension from Flush oxes

A flush-mounted box is mounted within a wall, 

Photo 12. . ultiple cables through a single clamp where 
box is identified for same. Cable sheath must extend at 
least 6 mm (  in.) inside box

Figure 12. . ultiple cables are permitted through a single opening on box

Photo 12.10. ox installed in combustible finish material is 
required to be ush with the finished surface
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floor, or ceiling such that the front edge of the 
box is essentially even with the finished surface. 
Boxes employing a flush-type cover or faceplate 
that are installed in walls or ceilings of concrete, 
tile or other noncombustible material are re-
quired to be installed so that the front edge of 
the box, plaster ring, extension ring, or listed box 
extender will not be set back of the finished sur-
face more than 6 mm (¼ in.). Gypsum wallboard 
(sheetrock) is considered a noncombustible finish 
for the purpose of meeting the requirements of 
this section. Outlet boxes, plaster rings, extension 
rings, or listed box extenders installed in walls 
and ceilings constructed of wood or other com-
bustible materials are required to be flush with 
or project out from the finished surface (NEC 
314.20 or IRC E3906.5).

Noncombustible surfaces of plaster, drywall or 
plasterboard that are broken or incomplete are re-
quired to be repaired so there will be no gaps or 
open spaces greater than 3 mm (⅛ in.) at the edge 
of the box. �is rule applies to boxes that employ a 
flush-type cover or faceplate. �e rule covers both 
new installations and boxes installed in an exist-
ing dwelling unit. Sealing or repairing oversize 
or uneven holes around boxes helps maintain the 
integrity of any fire rating the outlet or 
device box has in combination with the 
wall covering or wall/ceiling assembly 
(NEC 314.21 or IRC E3906.6; see also 
figure 12.11).

An exposed surface extension made 
from an outlet box that is flush-mounted 
is required to be mounted and mechani-
cally secured by use of a box or extension 
ring installed over the concealed box. A 
surface extension from the cover of a 
concealed box is permitted by exception 
to be made when the cover is designed 
so that it cannot fall off or be removed 
if its security means becomes loose (see 
figure 12.12). �e wiring method for 
this so-called “whip” is required to be of 
the flexible type for an approved length 
and arranged to include the required 

Figure 12.10. Installation requirements for boxes relati e to 
both combustible and noncombustible finished surfaces

Figure 12.11. epairing spaces or gaps around ush boxes in plaster  
drywalls  or plasterboard
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equipment grounding conductor within it. �is 
will provide access and ensure electrical continuity 
between the box and metal cover as well as equip-
ment supplied by the branch circuit should there 
be a need to remove the cover to inspect or check 
the splices. �is method reduces the possibility 
of an electric shock hazard (NEC 314.22 or IRC 
E3906.7 and exceptions).

Securing and Supporting oxes
Enclosures are required to be rigidly and securely 
fastened in place. Surface-mounted enclosures are 
required to be securely fastened to the building 
surface. If the mounting surface does not provide 
adequate support, the enclosure must be rigidly 
supported from a structural member of the build-
ing. �e enclosure may be mounted directly to the 
structure, or mounted indirectly by using a metal, 
wooden, or polymeric brace of sufficient strength.

Where a nail is used as a fastening means for the 
support of a box, it is permitted to pass through 
the interior of the enclosure only where it is locat-
ed within 6 mm (¼ in.) of the back or ends of the 
inside of the enclosure. Screws are not permitted 
to pass through the box unless the exposed threads 
are protected by an approved means to avoid abra-
sion of the enclosed conductor’s insulation. Some 
type of box kits, such as those intended for sup-
port of ceiling-suspended paddle fans, will have 
mounting screws that pass through the box. Often 
the box manufacturer will provide a protective 
tube or sleeve to be used with these screws.

A metal brace used to secure an enclosure to 
a structural member is required to be protected 
against corrosion and formed from metal not less 
than 0.51 mm (0.020 in.) thick, uncoated. A wood-
en brace used to secure an enclosure to a structural 
member is required to have a cross section not less 
than nominal 25 mm x 50 mm (1 in. by 2 in.). 
Wood braces in wet locations are required to be 
treated for the conditions (NEC 314.23 or IRC 
E3906.8).

Screws used for supporting boxes for 
flush-mounted devices are not permitted to be 
used for the attachment of the device contained 
within the box (NEC 314.19 or IRC E3905.5).

Although not common, a suspended drop tile 
ceiling can be found it dwelling units from time 
to time. Support wires used for enclosure or lu-
minaire support must provide adequate support. 
�e Code permits independent support wires to be 
added to a suspended ceiling assembly. Indepen-
dent support wires are those that were added in 
addition to the wires that support the suspended 

Photo 12.11. ox installed in noncombustible material 
(gypsum) is allowed to be ush or ha e up to a 6 mm (  
in.) setbac

Photo 12.12. penings around box needs to be sealed 
(repaired) tight to box edges
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ceiling for the support of electrical en-
closures or luminaires. Identifying these 
independent support wires is required 
for both fire-rated and non-fire-rat-
ed ceiling assemblies. Identification by 
distinguishable color, tagging, or other 
effective means will clarify the intended 
purpose for all personnel involved with 
the construction. Only the independent 
wires are permitted to be used for race-
way, cable, luminaire, or enclosure sup-
port. In addition, the enclosure must be 
secured to the support wires using meth-
ods identified for the purpose. Support 
wires used for enclosure support must 
be fastened at each end so as to be taut 
within the ceiling cavity [NEC 314.23(D)(2); 
300.11(A)]. 

�e IRC does not provide requirements for 
boxes supported by independent support wires in 
a suspended ceiling, so the rules in the NEC are 
to be applied for those installations incorporating 
that method of support.

Framing members of suspended or dropped 
ceiling type systems are permitted as the support 
for enclosures where the framing members are ad-
equately supported and securely fastened to each 
other and to the building structure in accordance 
with the applicable building code requirements.

Where an enclosure is supported by the dropped 
ceiling-framing member, it is required to be fas-
tened by mechanical means such as bolts and nuts, 
screws or rivets. Clips identified for use with the 
type of ceiling-framing member(s) and enclo-
sure(s) are also permitted for securing luminaires 
to framing members.

In some parts of North America, these clips are 
called “earthquake clips” or “hurricane clips.” See 
NEC 314.23(D)(1) and 410.36(B) for similar sup-
port requirements for these types of luminaires.

oxes  onstructural ounting
A flush installation of an enclosure is permitted to 
be made in existing covered surfaces where adequate 

Figure 12.12. Surface extensions permitted from ush-mounted boxes

Photo 12.1 . Surface extension from ush-mounted box

Photo 12.1 . ld-wor  style round nonmetallic box cut into 
existing building surface
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aceway-Supported nclosures 
and uminaires
It is not uncommon to see landscape lighting in-
stalled at one- or two-family dwellings where the 
junction boxes and/or luminaires are supported by 
the conduit system.

�ere are two sets of rules that address this 
installation. �e first condition is where the 
conduits support a box or other enclosure. �e 
second condition involves an installation where 
the conduits support a box and the box supports a 
luminaire or contains a device. Devices that could 
be used in this context include switches and re-
ceptacles. �ey do not include splicing devices 
such as twist-on wire connectors. An enclosure 
that is supported by the connected conduits and 
does not contain a device(s) or does not support 
a luminaire must not exceed 1650 cm3 (100 in.3) 
in size. �e enclosure must have threaded entries 
or identified hubs. A minimum of two conduits 
threaded wrenchtight into the enclosure is re-
quired for support. Each supporting conduit must 
be secured within 900 mm (3 ft) of the enclosure if 
the conduits are on at least two sides. If both con-
duits are on one side, the support must be within 
450 mm (18 in.) [NEC 314.23(E) and (F) or IRC 
E3906.8.4 and E3906.8.5].

Rigid metal (RMC), intermediate metal (IMC), 
rigid polyvinyl chloride (PVC), reinforced ther-
mosetting resin (RTRC) conduit or electrical 
metallic tubing (EMT) are permitted to support 
conduit bodies where the conduit bodies are not 
larger than the largest trade size of the conduit or 
electrical metallic tubing [NEC 314.23(E) Excep-
tion or IRC E3906.8.4 Exception]. Schedule 40 
rigid PVC conduit may not be used where sub-
ject to physical damage. Schedule 80 rigid PVC 
conduit is permitted in these locations [NEC 
352.12(C)].

Raceways are also permitted to support enclo-
sures that contain devices or support luminaires 
or lampholders. However, rigid metal conduits 
(RMC) or intermediate metal conduits (IMC) are 
the only conduits permitted to support these boxes 
or boxes with luminaires. Rigid polyvinyl chloride 

Photo 12.15. ld-wor  style outlet box with front and bac  
iew

Figure 12.1 . onstructural securing or mounting of boxes

support is provided by clamps, anchors or fittings. 
Two of these supports are called “Madison clamps” 
or “battleships” [NEC 314.23(C) or IRC E3906.8.3].
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PVC conduit is not permitted to be used 
for the support of luminaires or other 
equipment [NEC 352.12(B)]. Likewise, 
electrical metallic tubing is not permitted 
for box and luminaire support. Electrical 
metallic tubing is not suitable for installa-
tion in the ground or in concrete slabs on 
grade, in most cases, unless it is protected 
from corrosion.

Just like with an enclosure that is sup-
ported by the connected conduits and 
does not contain a device(s) or does not 
support a luminaire, an enclosure that 
is supported by the connected conduits 
and does contain a device(s) or supports 
a luminaire must not exceed 1650 cm3 

(100 in.3) in size. �e enclosure must 
have threaded entries or identified hubs. 
A minimum of two conduits threaded 
wrenchtight into the enclosure is required 
for support. Each supporting conduit 
must be secured within 900 mm (3 ft) 
of the enclosure if the conduits are on at 
least two sides [NEC 314.23(F) or IRC 
E3906.8.5].

Enclosure(s) supported by embed-
ment in concrete or masonry must be 
identified as suitably protected from 
corrosion. All metal boxes, except for 
aluminum alloy boxes, are provided with 
corrosion protection suitable for instal-
lation in concrete or masonry. A metal 
or nonmetallic box designated concrete 
tight is permitted to be supported solely by em-
bedment. �e enclosure is required to be securely 
embedded in the concrete or masonry, unless ad-
ditional support is provided [NEC 314.23(G) or 
IRC E3906.8.6].

nused penings
Unused openings in boxes, conduit bodies and fit-
tings, other than those intended for the operation 
of equipment, those intended for mounting pur-
poses, or those permitted as part of the design for 

listed equipment, must be effectively closed to af-
ford protection substantially equivalent to that of 
the wall of the box, conduit body or fitting. Metal 
plugs or plates used with nonmetallic boxes, con-
duit bodies or fittings are required to be recessed 
at least 6 mm (¼ in.) from the outer surface [NEC 
110.12(A) or IRC E3906.4]. See Chapter 1 for 
more information on unused openings

oxes at uminaire utlets
Ceiling-Mounted Luminaires. Boxes used at ceil-

Figure 12.1 . aceway used for support of boxes that do not contain 
de ices or support luminaires

Figure 12.15. aceway used for supporting boxes that contain de ices 
or support luminaires
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ing-mounted luminaire or lampholder outlets 
have to be designed for that purpose and are re-
quired to support a luminaire weighing up to 23 
kg (50 lb). A luminaire that weighs more than 23 
kg (50 lb) must be supported independently of 
the outlet box, unless the outlet box is listed for 
not less than the weight to be supported. At every 
ceiling-mounted outlet used exclusively for light-
ing, the box has to be designed or installed so that 
a luminaire or lampholder can be attached [NEC 
314.27(A)(2) or IRC E3905.6.2].

Vertical Surface-Mounted Luminaires. Boxes used 
at luminaire or lampholder outlets in or on a ver-
tical surface such as a wall are also required to be 
identified and marked on the interior of the box 
to indicate the maximum weight of the luminaire 

that is permitted to be supported by said 
box in or on the vertical surface [if other 
than 23 kg (50 lb)].

An exception permits vertical sur-
face-mounted luminaires or lampholders 
to be supported on other boxes such as 
device boxes. �e conditions limit the 
weight of the luminaire to 3 kg (6 lb). 
�e luminaire or its support yoke, or 
lampholder, must be secured to the box 
with at least two No. 6 or larger screws 
[NEC 314.27(A)(1), or IRC E3905.6.1].

Utilization Equipment. Utilization 
equipment such as smoke alarms and 
carbon monoxide detectors weighing not 
more than 3 kg (6 lb) are permitted to be 
supported on nonmetallic single-gang 
boxes or plaster rings that are secured to 
boxes, provided the equipment or its sup-
porting yoke is secured to the box with 
no fewer than two No. 6 or larger screws 
[NEC.314.27(D) or IRC E3905.9].

Separable Attachment 
Fittings
Listed power supply devices and listed 
locking support and mounting recep-
tacles and supporting means for lumi-

naires, lampholders, and ceiling suspended (pad-
dle) fans have been incorporated into the Code. 
�is listed locking support and matching mount-
ing receptacle is designed to be installed in or to 
boxes designed for this purpose. �ese fittings 
can be used to support and power the luminaire 
or ceiling suspended (paddle) fan directly thus 
facilitating replacement of the luminaire or ceil-
ing suspended (paddle) fan when attached in or 
to the lighting outlet boxes. �ese listed devices 
and listed locking support and mounting recep-
tacles recognizes new listed technology designed 
to power and support luminaires and or ceiling 
suspended (paddle) fans from a receptacle and 
mounting means located in the box or mounted 
directly to the box. �is listed product will provide 

Figure 12.16. oxes at luminaire or lampholder outlets
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Figure 12.17. utlet box for support of utili ation equipment

Photo 12.16. Ceiling-mounted outlet box for luminaire

Photo 12.17. De ice box installed in ceiling for support of 
de ice such as smo e alarm or receptacle

a secure mounting mechanism and will 
facilitate interchange of luminaires and 
ceiling suspended (paddle) fans in a safe 
and efficient manner [NEC 314.27(E) or 
IRC E3906.12]. 

�ese new provisions for listed locking 
support and mounting receptacles for lu-
minaires coincides with the revised defini-
tion of a “receptacle” in NEC Article 100 
and IRC Chapter 35. A receptacle is now 
defined as “a contact device installed at the 
outlet for the connection of an attachment 
plug, or for the direct connection of electri-
cal utilization equipment designed to mate 
with the corresponding contact device.” 

In conjunction with these requirements at NEC 
314.27(E) or IRC E3906.12, similar Code language 
was added at NEC 422.18 or IRC E4101.6.

Floor oxes
A box listed specifically for installation in a floor 
is required to be used where receptacles are locat-
ed in a floor. Floor boxes and fittings must be in-
stalled in accordance with installation instructions 
provided with the product.

Boxes designated for floor installation as covered 
in the Code are provided with covers and gaskets 
to exclude surface water and sweeping compounds 
that might be present during the floor cleaning op-
erations. �ose boxes intended for installation in 
concrete floors are frequently provided with level-
ing screws, threaded hubs, or both, and are provid-
ed with a marking on the carton to identify boxes 
of this type, such as “FLOOR BOX” or “FLOOR 
BOX, CONCRETE TIGHT” as appropriate. In 
addition, floor boxes designed and listed for use 
in wood frame construction are available as well. 
Frequently the floor box is provided as an assembly. 
�e manufacturer provides a box, gasket and cover 
plate to be used together. Some inspectors permit 
cast or formed metal boxes with a weatherproof 
plate to be used in dwelling units where located out 
of heavily traveled areas as a reasonable alternative 
[NEC 314.27(B) or IRC E3905.7].
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oxes at Ceiling-Suspended 
(Paddle) Fan utlets
A box used at ceiling fan outlets is not permitted to 
be used as the sole support for ceiling-suspended 
(paddle) fans, unless it is specifically listed for the 
application and for the weight of the fan to be sup-
ported. �is requirement applies to both metal and 
nonmetallic boxes. Outlet boxes or outlet box sys-
tems used as the sole support for a ceiling-suspend-
ed (paddle) fan shall be listed, marked by the man-
ufacture as suitable for ceiling-suspended paddle 
fan support, and shall not support fans that weigh 
more than 32 kg (70 lb). �is box or system must be 
rigidly supported from a structural member of the 
building. �e outlet box system often has a bracket 
that is directly secured to a structural member. �e 
outlet box and the ceiling fan are then 
typically supported by the bracket using 
hardware provided in the kit.

Manufacturers of listed ceiling (pad-
dle) fan boxes typically supply braces 
that can be installed for secure box sup-
port. Different types of braces are avail-
able. Some types are suitable for both 
new and retrofit applications. Where the 
weight of the listed ceiling paddle fan, 
with or without accessories, exceeds 16 
kg (35 lb), the Code requires that the box 
or outlet box system be marked with the 
maximum weight that can be support-
ed. All manufacturer instructions must 
be followed for the proper installation 
of the box intended to support a paddle 
fan. Hardware and fasteners supplied by 
the manufacturer must be completely installed to 
ensure a safe installation. Hundreds of incidents 
have been reported concerning paddle fans that 
have fallen and caused injury to persons or proper-
ty. Often, the fans were installed improperly, using 
boxes for support that were not listed for ceiling 
fan use.

All outlet boxes must be supported on a surface 
or to a structural member or brace that provides 
rigid and secure support. �is is especially import-
ant with outlet boxes used for ceiling-suspended 

(paddle) fans. �e vibrations of the fan will impose 
additional forces on the outlet box and the support 
means. �e manufacturer’s instructions will often 
specify the type of fasteners or specific mounting 
means suitable for use with the listed outlet box.

For example, the instruction on the box may 
indicate that the listed box must be mounted di-
rectly to a ceiling joist for secure support. Or the 
markings on the box may specify that a minimum 
of two (2) 2-inch-long, No. 10 or 12, Type A 
self-tapping screws must be used to attach the box 

Photo 12.1 . isted loc ing support and mounting 
receptacle for luminaires and ceiling (paddle) fans

Figure 12.1 . oxes for oor receptacles are required to be listed for 
that purpose
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to the joist or truss.
�e listed box is equipped with two threaded 

holes accepting standard 8-32 screws for lumi-
naire support. However, instructions may indicate 
that all ceiling-paddle fans or heavy luminaires 
are not to be mounted to the outlet box ears. �e 
manufacturer will often provide a bracket with 
larger screws for ceiling-paddle fan or heavy lu-
minaire support.

Careful attention must be paid to this require-
ment. As previously stated, there have been many 
reported instances of property damage as well as 
injury to persons caused by a ceiling-suspended 
paddle fan that broke loose and fell due to im-
proper mounting. It is critical that all the man-

ufacturer’s instructions are carefully fol-
lowed and that all the correct hardware 
items be used in addition to ensuring the 
proper outlet box is used (NEC 422.18 
or IRC E4101.6).

�is is an especially severe problem in 
existing occupancies where an existing 
luminaire is to be replaced by a ceiling 
(paddle) fan. One solution is a type of 
ceiling-suspended (paddle) fan outlet 
box with a retrofit-type bracket. �is 
type of assembly is readily available. 
�ese boxes and brackets can be in-
stalled from below the ceiling through a 
hole that is cut for the outlet box without 
having access to the attic or joist space 

above the box. �e bracket is installed through this 
hole and then adjusted to make contact with the 
ceiling joists. After securely tightening the bracket 
to the framing, the listed ceiling-suspended (pad-
dle) fan support box is then attached to the brack-
et. Where the space above the box is accessible, 
proper structural bracing can be installed for listed 
outlet boxes identified for support of ceiling-sus-
pended (paddle) fans. A spare switched conductor 
is oftentimes installed at single-family, two-family 
and multi-family dwelling units in locations such 
as bedroom switch locations which supply ceil-
ing-mounted luminaire or lighting outlets. �is 
spare switched conductor is typically installed in 
the event a ceiling fan will be installed at a later 
date by the homeowner. In this situation where a 
spare, separately switched, ungrounded conductor 
is installed to a ceiling-mounted outlet box (in a 
location acceptable for a ceiling fan), the outlet 
box or outlet box system must be listed for sole 
support of a ceiling-suspended (paddle) fan [NEC 
314.23; 314.27(C); or IRC E3906.8, E3905.8].

oxes to e Accessible
Boxes, conduit bodies and handhole enclosures 
must be installed such that the contained wiring is 
accessible. No part of the building or structure can 
restrict access to the wiring within the box. For 

Figure 12.1 . Ad ust-a- ox

Photo 12.1 . Ceiling-suspended paddle fans require suitable 
support
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underground installations, access to the 
wiring is required without having to ex-
cavate sidewalks, paving, earth, concrete 
or other substance used to establish the 
finish grade. An exception permits listed 
boxes or handhole enclosures to be cov-
ered with sand or gravel. �e location of 
the enclosure must be effectively identi-
fied and accessible for excavation (NEC 
314.29 or IRC E3905.10).

lectrical Penetrations 
of Fire- ated Structural 

embers
In most dwellings, the wall and ceiling be-
tween the attached garage and the remain-
der of the dwelling are the only walls or 
ceilings that are required to have a fire rat-
ing. Requirements for the ratings of fire-
walls, ceilings, area separations and build-
ing separations are found in the applicable 
building code, not in the NEC. Building 
separation firewalls may be required where 
single-family dwellings, such as condo-
miniums, are a part of an overall larger 
structure. It is common that these building 
separation firewalls are required to have a 
two-hour fire rating (NEC 300.21 or IRC 
E3402.2 and R302.4).

�e general requirement regarding 
controlling the spread of fire or products 
of combustion is provided in NEC 300.21 
or IRC E3402.2 and R302.4. �ese 
sections require that openings around electrical 
penetrations through fire-resistant-rated walls, 
partitions, floors, or ceilings to be firestopped us-
ing approved methods. �e approved firestopping 
methods must maintain the fire resistant rating 
of the assembly. �e IRC provides detailed infor-
mation relative to electrical penetrations in walls, 
partitions, floors, or ceilings that are fire-rated at 
IRC Section R302.

Directories of electrical construction materials 
published by qualified testing laboratories contain 

many installation restrictions necessary to main-
tain the fire-resistive rating of assemblies where 
penetrations or openings are made. For example, 
the Underwriters Laboratories Fire Resistance 
Directory contains hundreds of systems for pro-
tecting penetrations of fire-rated floors or walls. 
�ese systems have been tested and found sat-
isfactory for various electrical cables, boxes and 
other equipment. �e rating of the fire or sepa-
ration wall, ceiling or floor will not be reduced 
if the equipment is installed in full compliance 

Photo 12.20. utlet box listed for support of a ceiling-suspended 
(paddle) fan

Photo 12.21. Typical building area separation construction at two-
family dwelling units
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with the design that has been tested. General in-
formation on the use of electrical outlet boxes in 
fire-rated construction is found in the UL Product 
Spec [previous Guide Information for Electrical 
Equipment Directory (White Book)]. �e direc-
tory provides some basic background information 
under Outlet Boxes and Fitting Classified for Fire 
Resistance (Category QBWY). It is common to 
find these outlet boxes installed in these fire-rated 
structural assemblies for mounting equipment like 
switches, receptacles, smoke alarms and fire alarm 
system devices.

�is category includes classifications for 
nonmetallic outlet and switch boxes for use 
in walls, partitions, or ceilings. �e informa-
tion provided for each classification includes 
the model numbers for the various types of 
classified products, a description of the rated 
assemblies, the spacing limitations for the 
boxes, and the installation details. Nonme-
tallic boxes shall not be installed on opposite 
sides of walls or partitions of staggered stud 
construction unless classified for use in such 
constructions.

General information includes permitted 
markings on nonmetallic boxes. �e marking 
will indicate if the box has been tested and 
classified for locations such as floors, walls or 
ceilings. An additional marking will give the 
maximum hourly rating of the fire-resistive 
wall, floor, or ceiling assembly. �e box will 
also contain the listing mark indicating its 
permitted use as an electrical outlet box. �is 
reference is to the guide card information for 
outlet boxes in the UL Product Spec, Non-
metallic Outlet Boxes (QCMZ).

Typical marking on these nonmetallic out-
let boxes includes “Class” (for “Classified”) 
and “1” or “2” to indicate the maximum hourly 
rating of the fire-resistive structural member, 
and “F,” “W,” “C” or “FC” to indicate floor, 
wall, ceiling or floor-ceiling.

In the UL Product Spec, Outlet Boxes 
and Fittings Certified for Fire Resistance 
(CEYY), individual model numbers of de-

vice or outlet boxes are given along with specific 
requirements for using these boxes in a fire-rated 
wall or ceiling. For example, boxes typically are re-
quired to be installed at least 600 mm (24 in.) apart 
where the boxes are installed on opposite sides of 
a fire-rated wall assembly. Some listed nonmetallic 
boxes are permitted to be installed closer than 600 
mm (24 in.) apart on opposite sides of a firewall 
where installed in compliance with the require-
ments. Similarly, some nonmetallic boxes are per-
mitted to be used in staggered stud construction. 
�is use is limited only to those specific boxes that 

Figure 12.20. Support of ceiling-suspended (paddle) fans 
with boxes
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have been evaluated with certain wall assemblies 
or with specific types of wall opening protective 
materials.

�e UL Product Spec has similar information 
for metallic electrical outlet boxes. �e product 
category is Metallic Outlet Boxes (QCIT).

�e listing permits single and double gang me-
tallic outlet and switch boxes to be used in bearing 
and nonbearing wood and steel stud walls with 
ratings not exceeding two hours. �e metallic out-
let or switch box shall be securely fastened to the 
studs. �e opening around the box shall be cut so 

that the clearance between the box and 
the wallboard does not exceed 3 mm (⅛ 
in.). �e box may have either a metallic 
or nonmetallic cover plate.

�e listing as well as the IRC limits 
the surface area of individual metallic 
outlet or switch boxes to a maximum 
of 0.0103 m2 (16 sq. in.) �e aggregate 
surface area of the boxes shall not exceed 
0.0645 m2 (100 sq. in.) per 9.29 m2 
(100 sq. ft) of wall surface. Metallic box-
es located on opposite sides of walls or 
partitions shall be separated by a mini-
mum horizontal distance of 600 mm (24 
in.). �e minimum separation distance 
between metallic boxes may be reduced 
when UL product category (CLIV) 
“Wall Opening Protective Materials” are 
installed according to the requirements 
of their classification.

�e listing for metallic boxes also pro-
hibits installation on opposite sides of 
fire-rated walls or partitions of staggered 
stud construction unless UL product 
category (CLIV) materials are installed. 
�ese products install on or within the 
outlet box and swell up to close off the 
opening in the wall when exposed to the 
heat produced by a fire.

Firestopping Penetrations
Power, lighting, remote-control, signal-

ing, and power-limited circuits and equipment 
must be installed to not substantially increase 
the spread of fire or products of combustion. �e 
Code requires suitable firestopping be installed 
at any openings around electrical penetrations 
where the wiring methods for such circuits pen-
etrate into or through fire-resistance-rated walls, 
partitions, floors or ceilings (NEC 300.21 or IRC 
E3402.2 and E3402.3). To maintain the fire-re-
sistant rating, an approved firestop method must 
be used. Many caulking or sealing products have 
been specifically designed for sealing penetrations 

Figure 12.21. xistents of a spare ungrounded conductor requires 
listed ceiling fan outlet box or system

Figure 12.22. lectrical outlet boxes in fire walls
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in fire-rated assemblies. Simply stuffing 
the bored holes or similar openings with 
pieces of insulation, caulk, foam, news-
paper, or steel wool is not acceptable. 
�e common practice of installing a de-
vice ring without a box is not permitted 
in a fire-rated assembly. For example, a 
device-ring rough-in for a telephone 
receptacle outlet would not be permit-
ted in a fire-rated assembly. A suitable 
“back-box” listed for use in the fire-rated 
assembly is required.

When installing Type NM cable 
through firestopping penetrations, 
keep in mind the requirements of NEC 
334.80 or IRC E3705.4.4 which state 
that where more than two NM cables 
containing two or more current-carrying conduc-
tors are installed, without maintaining spacing 
between the cables, through the same opening in 
wood framing that is to be sealed with thermal 
insulation, caulk, or sealing foam, the allowable 
ampacity of each conductor shall be adjusted for 
bundling of conductors. See Chapter 11 of this 
textbook for more information on the require-
ments of NEC 334.80 or IRC E3705.4.4.

iring in Air- andling Spaces
It is best to avoid placing any wiring in ducts or 
other spaces for environmental air (plenums) due 
to the restrictive wiring methods required for 
these locations. As used in dwellings, return air 
ducts and plenums generally consist of prefabri-
cated round or rectangular sheet metal ducts used 
to transport environmental air. �e term plenum is 
defined in Article 100 of the NEC and in Chapter 
35 of the IRC. Plenums in dwellings are usual-
ly fabricated chambers built for the sole purpose 
of transmitting environmental air. For example, a 
plenum chamber is used to connect the ducts to a 
forced-air furnace.

Wiring in ducts or plenums is covered in NEC 
300.22(B). Wiring methods, such as electrical 
metallic tubing, flexible metallic tubing, inter-

Figure 12.2 . iring in other spaces used for en ironment air 
(plenum)  is permitted using specific installation criteria

Photo 12.22. A -gang switch box and wiring method installed 
in en ironmental air-handling space. ( n ironmental air-
handling is shaded in red for clarification)

Photo 12.2 . Typical handhole enclosure. Courtesy of 
Strongwell
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mediate or rigid metal conduit are required in 
ducts or plenums used for environmental air. �e 
circuits and equipment are restricted to those 
directly associated with the operation of the 
heating, ventilation, or air-conditioning system. 
For example, a humidistat may be installed in the 
plenum to monitor the relative humidity of the 
conditioned air.

ther Spaces sed for 
n ironmental Air

NEC 300.22(C) provides the require-
ments for wiring in “Other Spaces Used 
for Environmental Air (Plenums).” It 
is common in dwellings to use stud or 
joist spaces that are closed in with gyp-
sum board or sheet metal to provide 
return air space used for environmen-
tal air-handling purposes. �ese spaces 
are examples of “other spaces” to which 
NEC 300.22(C) and 725.179(A) or 
IRC E4303.2.1 would apply. �e re-
quirements that limit the types of wiring 
methods and equipment in these spaces 
are less restrictive than those regulating 
ducts and plenums. However, if possible, 
avoid placing wiring and equipment in 
these spaces. �e mechanical codes lim-
it the amount of foreign systems in the 
space in order to avoid unduly restricting 

air movement.
NEC 300.22(C) Exception or IRC E3904.7 per-

mits nonmetallic wiring methods in the “joist or 
stud spaces” of dwelling units where wiring pass-
es through such spaces perpendicular to the long 
dimension of such spaces.” �is permits the use 
of a wiring method, such as Type NM nonme-
tallic-sheathed cable, to be installed only where it 
crosses the narrow axis of the space that is used to 
transport environmental air. It is not permitted to 
pass through the space in the long axis even if se-
cured to the framing member. �e intent of this rule 
is to limit the amount of this nonmetallic (flamma-
ble) wiring material in the air-handling space. Type 
NM cable is not permitted to supply equipment, 
such as device boxes, in these air-handling spac-
es. If boxes are required in this space, the wiring 
method must be one of the types specified in NEC 
300.22(C)(1) for environmental air spaces such a 
metal raceway or metal-clad cable. Remember that 
the building and mechanical codes may prohibit 
electrical boxes in this space in order to avoid undu-
ly restricting air movement. Listed Class 2 cables, 
such as CMX and CL2X, are also permitted to pass 

Figure 12.2 .  Answer ey to Figure 12.5

Photo 12.2 . Identification mar ing on a handhole co er
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through the short dimension of these “other spaces” 
without being installed in a metal raceway or other 
wiring method required by NEC 300.22(C)(1).

andhole nclosures
Handhole enclosures are typically used with un-
derground circuits. �e removable cover gives ac-
cess to wiring or equipment. �e enclosure must 
be designed and installed to withstand safely all 
loads that are likely to be imposed on them. �ey 
are also required to be identified for use in under-
ground systems. �e minimum size of the enclo-
sure is determined based on NEC 314.30(A). Un-
derground raceways and cables shall extend into 
the handhole enclosure but are not required to be 
mechanically connected to the enclosure.

A typical handhole enclosure is not watertight. 
Splices or equipment contained in such an enclo-
sure have to be listed as suitable for wet locations. 
�e cover of a handhole must have a prominent 
mark or logo that identifies the function of the 
enclosure. Identification marks such as “Electric” 
or “Communication” or “Landscape Lighting” 
effectively indicate the purpose. �e cover shall 
require tools to open or weigh over 45 kg (100 
lb). Metal covers or other exposed conductive sur-
faces must be properly bonded to ensure electrical 
continuity and to convey safely any fault current. 
A field-installed equipment-bonding jumper may 
be necessary in order for this to be accomplished 
(NEC 314.30). �e IRC does not specifically ad-
dress handhole enclosures.

Conductor outing and Induction
Where conductors carrying alternating current 
are installed in ferrous metal enclosures or ferrous 
metal raceways, they are required to be so ar-
ranged as to avoid heating the surrounding metal 
by induction. To accomplish this, all ungrounded 
phase conductors and, where used, the grounded 
(neutral) conductor and all equipment-grounding 
conductors are generally required to be grouped 
together by installing them in the same raceway, 

cable, or trench. Switch loops are not required to 
include a grounded (neutral) conductor because of 
the canceling effect due to counter electromotive 
force (emf ) (NEC 300.20).

Product Safety Standard 
equirements

It is recommended that the following electrical 
product safety guide card information and prod-
uct safety standards be consulted for additional 
guidance on the proper installation, operation and 
use of electrical equipment covered in this chapter. 
�e four-letter code in parenthesis refers to the 
product category in the Underwriters Laborato-
ries Guide Information for Electrical Equipment 
Directory (Product Spec).

• Electrical Equipment for Use in 
• Ordinary Locations (AALZ)
• Outlet Boxes and Fittings (QBPZ)
• Metallic Outlet Boxes (QCIT)
• Nonmetallic Outlet Boxes (QCMZ)
• Conduit Fittings (Bodies) (DWTT)
• Fans, Ceiling Suspended (GPRT)

eferences
1National Electrical Code and NEC are registered trademarks of 

the National Fire Protection Association, Inc., Quincy, MA 02169. 

�is reprinted material is not the official position of the National Fire 

Protection Association, which is represented only by the standard in 

its entirety.

2International Residential Code for One- and Two-Family 

Dwellings (2018). Copyright © International Code Council, Inc., 

February 2017.

3Underwriters Laboratories Inc. (UL), Northbrook, IL. UL 

Guide Information for Electrical Equipment Directory (White 

Book), unless indicated otherwise.
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Questions
1. How many 14 AWG conductors are permit-

ted in a 100 mm (4 in.) square metal box sized at 
38 mm (1-½ in.) deep?

A. 14
B. 12
C. 10
D. 9

2. All cable clamps added together represent 
______ conductor allowance(s) when calculating 
the required size of a junction or device box.

A. 0
B. 1
C. 2
D. 3

3. Fittings such as capped elbows and service-en-
trance elbows are classified as conduit bodies.

True _____ False _____

4. What is the minimum volume of space re-
quired for four (4) 14 AWG and four (4) 12 AWG 
conductors installed within a metal junction box?

A. 230 cm3 (14 cu. in.)
B. 246 cm3 (15 cu. in.)
C. 263 cm3 (16 cu. in.)
D. 279 cm3 (17 cu. in.)

5. �e minimum volume of space required with-
in a nonmetallic box for four (4) 10 AWG, and 
four (4) 12 AWG conductors is:

 
A. 197 cm3 (12 cu. in.)
B. 246 cm3 (15 cu. in.)
C. 312 cm3 (19 cu. in.)
D. 344 cm3 (21 cu. in.)

6. Plates or metal plugs used to close up unused 
openings in a nonmetallic box must be recessed 
at least:

A. 13 mm (½ in.)
B. 6 mm (¼ in.)
C. 3 mm (⅛ in.)
D. 1.6 mm (¹⁄₁₆ in.) 

7. A metal brace used to secure a box to a struc-
tural member is required to be protected against 
corrosion and formed from metal not less than 1.6 
mm (¹⁄₁₆ in.) thick, uncoated.

True _____ False _____

8. A listed ceiling fan that does not exceed 
_______ pounds in weight, with or without its ac-
cessories, is permitted to be supported by an outlet 
box or outlet box system identified for such use.

A. 6
B. 20
C. 35
D. 70

9. Where one (1) cable clamp and one (1) de-
vice are included, how many 12-2 W/G Type NM 
cables are permitted in a 3� x 2� x 3-½� metal 
device box?

A. 1
B. 2
C. 3
D. 4
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10. �e same screw is permitted to be used to 
secure a device as well as the box in which it is 
mounted.

True _____ False _____

11. What is the minimum volume of space re-
quired for a ceiling box containing a luminaire 
(fixture) stud and two (2) cable clamps with one 
(1) 14 AWG two-wire W/G Type NM cable feed 
in, and one (1) 14 AWG two-wire W/G Type 
NM cable feed out?

A. 98 cm3 (6 cu. in.)
B. 115 cm3 (7 cu. in.)
C. 230 cm3 (14 cu. in.)
D. 295 cm3 (18 cu. in.)

12. Where a spare, separately switched, un-
grounded conductor is installed to a ceil-
ing-mounted outlet box (in a location acceptable 
for a ceiling fan), the outlet box or outlet box 
system must be listed for sole support of a ceil-
ing-suspended (paddle) fan

True _____ False _____

13. Of the boxes listed below, what is the min-
imum size box required in volume of space for a 
nonmetallic junction box containing eight (8) 
12 AWG conductors and four (4) equipment 
grounding conductors are brought into the box for 
splicing?

A. 295 cm3 (18 cu. in.)
B. 328 cm3 (20 cu. in.)
C. 344 cm3 (21 cu. in.)
D. 395 cm3 (24 cu. in.)

14. A metal device box contains eight (8) 12 
AWG conductors, no clamps, hickeys, devices or 
equipment grounding conductors. Which of the 
following is the minimum allowable box permit-
ted to contain these conductors?

A. 100 mm x 32 mm (4 in. x 1-¼ in.) 
 (round/octagonal)
B. 100 mm x 38 mm (4 in. x 1-½ in.) 
 (round/octagonal)
C. 100 mm x 54 mm (4 in. x 2-⅛ in.) 
 (round/octagonal)
D. 100 mm x 32 mm (4 in. x 1-¼ in.)       

 (square)

15. A two-gang nonmetallic box with internal 
cable clamps contains two (2) 14/3 AWG and two 
(2) 14/2 AWG non-metallic-sheathed cables with 
ground. Including two (2) 3-way switches, which 
of the following is the minimum allowable volume 
of space capacity of the box?

A. 426 cm3 (26 cu. in.)
B. 492 cm3 (30 cu. in.)
C. 525 cm3 (32 cu. in.)
D. 590 cm3 (36 cu. in.)

16. �e maximum weight of a luminaire which 
can be directly supported from an outlet box de-
signed for the support of luminaires is: 

A. 35 lbs.
B. 40 lbs.
C. 50 lbs.
D. 60 lbs.

17. Boxes, conduit bodies, and fittings installed 
in wet locations must be specifically listed for use 
in wet locations.

True _____ False _____ 
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18. �e required box fill volume allowance for a 
switch or receptacle on a single yoke or strap in a 
typical nonmetallic box is:

A. 3
B. 2
C. 1
D. 0

19. Outlet boxes that employ a flush-type cover 
and that are installed in walls and ceilings con-
structed of wood or other combustible material 
are required to be installed so that the front edge 
of the box is flush with the finished surface or 
project therefrom.

True _____ False _____

20. For a standard metal box containing one (1) 
luminaire stud and two (2) cable clamps, the total 
conductor volume allowance required for these 
items is:

A. one
B. two
C. three
D. four

21. An extension ring is permitted to be used 
when extending a branch circuit from a concealed 
octagon box.

True ______ False ______  

22. No box (without an enclosed device or utili-
zation equipment) is permitted to have an internal 
depth of less than 12.7 mm (½ in.).

True ______ False ______

23. A box that is intended to enclose devices or 
utilization equipment supplied by 14 AWG con-
ductors is required to have an internal depth of not 
less than _________.

A. 12.7 mm (½ in.)
B. 15.8 mm (⅝ in.)
C. 19.0 mm (¾ in.)
D. 23.8 mm (¹⁵⁄₁₆ in.) 

24. A nonmetallic box is required to be suitable 
for the lowest temperature rated conductor enter-
ing the box.

True ______ False ______

25. Boxes employing a plaster ring and installed 
in walls or ceilings of concrete, tile, or other non-
combustible material are required to be installed 
so that the front edge of the plaster ring will not 
set back of the finished surface more than what 
distance?

A. 6 mm (¼ in.)
B. 13 mm (½ in.)
C. 16 mm (⅝ in.)
D. 19 mm (¾ in.)

26. Where a nail is used as a fastening means 
for the support of a box, it is permitted to pass 
through the interior of the enclosure only where it 
is located within what distance of the back or ends 
of the inside of the enclosure?

A. 6 mm (¼ in.)
B. 13 mm (½ in.)
C. 16 mm (⅝ in.)
D. 19 mm (¾ in.)
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27. A vertically-mounted luminaire such as a 
wall-mounted luminaire weighing not more than 
3 kg (6 lb) shall be permitted to be supported on 
other boxes not designed for the purpose or by 
_________ that are secured to other boxes, pro-
vided the luminaire or its supporting yoke is se-
cured to the box with no fewer than two (2) No. 6 
or larger screws.

A. nails
B. plaster rings
C. sheet-metal screws
D. no box needed

28. Any device or utilization equipment wider 
than a single 50 mm (2 in.) device box is required 
to have a _________ volume allowances provided 
for each gang required for mounting.

A. single
B. double
C. triple
D. no volume alliance required

29. Openings around electrical penetrations 
through fire-resistant-rated walls, partitions, 
floors, or ceilings must be firestopped using 
__________ methods.

A. approved
B. listed
C. identified
D. fire-proof

30. Nonmetallic wiring methods are permitted 
in the joist or stud spaces used for environment 
air (plenum) in dwelling units where wiring pass-
es through __________ to the long dimension of 
such spaces.

A. vertical
B. perpendicular
C. horizontal
D. sideways

31.  Screws used for the purpose of attaching 
covers, or other equipment, to the box are required 
to be either machine screws matching the thread 
gauge or size that is integral to the box or must be 
in accordance with the _____________________
____________.

A.  NEMA specifications
B.  manufacturer’s instructions
C. UL 790
D.  UL White Book  

32.  Drainage openings that are not larger than 
_______________________ are permitted to be 
installed in the field in boxes or conduit bodies 
listed for use in damp or wet locations. Larger 
openings are permitted to be installed in the field 
in accordance with manufacturer’s instructions.

A. 13 mm (½ in.)
B.  16 mm (⅝ in.)
C.   6 mm (¼ in.)
D.  19 mm (¾ in.)

33.  Where a metal device box is provided with a 
securely installed metal interior barrier, the barrier 
is considered as take up __________. 

A. 1.0 cm3 (¹⁄₁₆ in.3)
B. 2.1 cm3 (⅛ in.3)
C. 4.1 cm3 (¼ in.3)
D. 8.2 cm3 (½ in.3)

34.  A __________ is a listed product which 
provides a secure mounting mechanism and will 
facilitate interchange of luminaires and ceiling 
suspended (paddle) fans in a safe and efficient 
manner.

A. hickey fitting
B. fixture stud
C. separable attachment fitting
D. fixture sitting
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Luminaires, receptacles, and switches are the 
“nuts and bolts” of the dwelling unit. �ese 
items and devices make life much easier 

for the occupant. �ey have become so common-
place, we tend to take them and their functions 
for granted. �e Code has a lot to say about these 
essential items. �is chapter will take a closer look 
at their workings and requirements.

Luminaires
�e term luminaire is used in international stan-
dards for what has been commonly identified 
in the United States and in past editions of the 

Chapter 13

Requirements for 
Luminaires and Switches

Code as a lighting fixture. Including a definition 
for luminaire in the Code is important. �e term 
fixture is still used in other parts of the Code, such 
as Article 402, Fixture Wire, which covers the re-
quirements for and construction specifications of 
fixture wire; and it still limits the use of fixture wire 
for installation in and connection to luminaires.

Definition
A luminaire is “a complete lighting unit consisting 
of a light source such as a lamp or lamps, togeth-
er with the parts designed to position the light 
source and connect it to the power supply. It may 
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also include parts to protect the light source or the 
ballast or to distribute the light. A lampholder it-
self is not a luminaire.”

As a rule, luminaires must be installed in com-
pliance with three sets of requirements:

1. Article 410 of the National Electrical Code or 
E4003, E4004, and E4005 of the IRC

2. Product safety standard and guide card 
information of UL Guide Information for 
Electrical Equipment Directory (Product 
Spec)

3. �e manufacturer’s instructions or markings 
on the luminaire, carton, or other materials 
provided with the luminaire

NEC Article 410 and the latter part of Chap-
ter 40 of the IRC contain many requirements for 
the safe installation of luminaires. General re-
quirements are provided that cover all luminaires. 
Limitations are placed upon the type of lumi-
naires that can be installed in specific locations 
such as clothes closets, shower and bath areas, and 
wet, damp, dry, and corrosive locations. Rules for 
supporting, grounding, and wiring luminaires are 
contained in NEC Article 410 and Chapter 40 of 
the IRC as well. Some general construction re-

quirements are included in NEC Article 410 Part 
VII. Most of the specific requirements that govern 
luminaire construction are left to the product safe-
ty standard.

Many requirements regarding the proper con-
struction of electric luminaires are contained in 
product safety standards produced by Under-
writers Laboratories. �ese standards spell out 
in precise detail every facet of the construction, 
testing, marking, and performance requirements 
for luminaires. �e standard most applicable to 
luminaires used in one- and two-family dwellings 
is UL product safety standard 1598, Luminaires. 
UL standards are updated on a regular basis and 
are available from Underwriters Laboratories or 
other sources.

Many marking requirements are contained 
in the product safety standards. In addition, the 
product standards require the luminaire manufac-
turer to include installation instructions or use in-
formation in sheets that accompany the luminaire. 
Such installation instructions or restrictions on 
use are requirements of the Code. Some markings 
are permitted or required to be on the luminaire 
itself, while other markings are permitted or re-
quired to be in or on the shipping carton [NEC 
110.3(B) or IRC E3403.3].

Instructions or ar ings on 
uminaires by the anufacturer

All luminaires, lampholders, and retrofit kits for 
luminaires are required to be listed (see NEC 
410.6). It is critical to the safe installation and 
operation of luminaires that they be installed and 
used in full compliance with all instructions and 
markings provided by the manufacturer. Some of 
these instructions limit the luminaire to installa-
tion in certain locations such as on a wall or ceil-
ing or in a dry or damp location; or they require 
certain minimum clearances from combustible 
materials. Other instructions or markings specify 
certain trims on recessed luminaires or perhaps in-
dicate requirements on the insulation temperature 
rating of branch-circuit supply conductors.

Photo 1 .1. D retrofit it for incandescent recessed 
luminaire



348

Table 1 .1.  15  Table D.1 (in part)  Courtesy of nderwriters aboratories

etrofit its for uminaires
�e definition for “Retrofit Kit” in Article 100 of the 
NEC states that a retrofit kit is, “a general term for a 
complete subassembly of parts and devices for field 
conversion of utilization equipment.” Extensive up-
grades are underway in the lighting industries to 
achieve greater energy efficiency in luminaires by 

replacing in-place illumination systems with light 
emitting diodes (LED) technology. In the case of 
NEC Article 410, retrofit kits for luminaires will in-
corporate field modifications of existing luminaires. 
Testing laboratories, such as Underwriter’s Labora-
tories (UL) have developed protocols for these field 
conversions, such that when done within the test-
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Photo 1 .2. uminaires are designed in a wide ariety of 
styles and designs

ing laboratory parameters, these field conversion 
“retrofit kits” do not compromise the safety profile 
of the listed luminaire. As an example, to ensure 
that the parts are compatible with the field modifi-
cation, UL requires all the parts for luminaire con-
versions to be assembled into a kit that UL labels as 
Classified. By adding “retrofit kits” to the required 

listing requirements of NEC Article 410, this will 
drive the use of these “classified” kits and the use of 
conversion subassemblies. �e changing of illumi-
nation systems in luminaires presents a hazard for 
installers doing maintenance after the conversion if 
not installed using these listed subassembly retrofit 
kits and installed properly per the manufactures in-
structions.

Luminaires that are improperly installed or have 
a lamp that is larger than the luminaire is designed 
for have been the cause of countless fires. �ese 
fires have resulted in the loss of a significant num-
ber of lives and the loss of millions of dollars in the 
value of buildings or structures.

Many marking or warning requirements are 
contained in the Safety Standard for Luminaires, 
UL 1598. Markings that are required vary to 
some extent based on the type of luminaire in-
volved and the type of lamp required to be used. 
A typical marking will state “CAUTION—RISK 
OF FIRE. USE MAX ___ WATTS TYPE ___
ONLY.” A symbol for type of lamp to be installed 
includes types A, B, C, R, T, or PAR. Lamp type 
names include Reflector, Elliptical Reflector, Par-
abolic Reflector, and Globe.

�ere are many lamp types available for use in 
luminaires. Symbols are often on the luminaire 
markings as an installation use guide and instruc-
tions for installers and consumers. It is important 
that the appropriate lamp be inserted in luminaires 
and maximum wattages not be exceeded. Please 
refer to Table 10.1 near the end of this chapter for 
a list of the various lamp symbols as derived from 
UL Standard 1598 Table D.1.

�e common thread in these warning statements 
is the risk of fire from incandescent luminaires. 
Overlamping of luminaires presents a major po-
tential threat. Overlamping means using a lamp 
with wattage greater than the maximum wattage 
for which a luminaire is designed. Incandescent 
lamps are rated in watts, which are a measure of 
the energy used to produce light. A higher watt-
age lamp generally produces a brighter light. �e 
higher wattage lamp also radiates more energy in 
the form of heat.
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�e size of the lamp does not always 
correspond to the wattage. For a given 
type and physical size lamp, often sev-
eral wattage ratings are available. �is 
increases the chance of overlamping. �e 
Edison base lampholder, also referred to 
as medium base, has been the standard 
lamp base for many years. No scheme is 
available for limiting lamp wattage in a 
manner similar to Type S fuse, which is a 
fuse of a given ampere rating that is not 
interchangeable with a fuse of a different 
ampere rating.

uminaire Designs
Luminaires come in a wide variety of 
sizes, shapes, styles and designs to supply 
illumination for an equally wide variety 
of locations. Lamps are usually incan-
descent or electric discharge such as flu-
orescent, metal halide or high-pressure 
sodium. Quartz, tungsten, halogen, and 
LED (light omitting diode). Many sup-
plemental or decorative applications are 
now employing low-voltage luminaires. 
Some luminaires are designed to be in-
stalled in specific locations such as sur-
face, recessed or pole-mounted. Other 
types of luminaires are designed for and 
intended to be chain-, cable- or cord-hung.

uminaires in Dry  Damp  and 
et ocations

Dry Locations
Luminaires are permitted to be installed only in 
dry locations, unless they are marked “Suitable for 
Damp Locations” or “Suitable for Wet Locations.” 
�e term dry location is defined as, “A location not 
normally subject to dampness or wetness. A loca-
tion classified as dry may be temporarily subject to 
dampness or wetness, as in the case of a building 
under construction.” �e definitions of damp lo-

cation and wet location are also found in Article 
100 of the NEC or Chapter 35 of the IRC. Using 
these definitions, the local authority having juris-
diction (AHJ) is the one who should determine 
the location involved as being either a damp, wet, 
or dry location.

Wet Locations
Luminaires installed in wet or damp locations 
must be installed so that water will not enter or 
accumulate within the luminaire wiring compart-
ment, lampholder, or other parts associated with 
the construction of the luminaire [NEC 410.10(A) 
or IRC E4003.9].

Figure 1 .1. uminaires installed in wet locations

Figure 1 .2. uminaires in wet as compared to damp locations
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Only luminaires marked “Suitable for Wet Lo-
cations” or “Suitable for Damp/Wet Locations” are 
permitted to be installed in wet locations. A wet 
location includes any installation underground, in 
concrete slabs, in masonry that is in direct contact 

with the earth, and outside locations that 
are exposed to the rain, ice, and snow. 
Luminaires installed on the outside of 
a dwelling unit that are exposed to the 
weather and unprotected are luminaires 
considered to be in a wet location. A lu-
minaire marked “Suitable for Wet Loca-
tions” is also permitted to be installed in 
a damp or dry location. 

Damp Location
Only luminaires marked “Suitable for 
Wet Locations” or “Suitable for Damp 
Locations” are permitted to be installed 
in damp locations. A damp location 
includes locations such as the area un-

der an outside open porch, patio, carport, or en-
tryway. �e location is covered and has limited 
protection from the weather, but may be subject 
to some moderate degrees of moisture. Some 
basements, cellars, or crawl spaces located in one- 
and two-family dwelling units may be subject to 
moderate degrees of moisture and be considered 
damp locations by the AHJ. �ese areas may be 
damp in an existing older home. Basements and 
cellars in new dwellings are generally considered 
dry locations.

uminaire Installation in et or 
Damp ocations
A listed luminaire marked “Suitable for Wet 
Locations” is intended to be installed at least 1.2 
m (4 ft) above the ground where it is not likely 
to be subjected to water from a lawn or garden 
sprinkler system. A wall- or post-mounted lu-
minaire that may be used for landscape lighting 
may be installed within 1.2 m (4 ft) of ground 
level if it is marked “Suitable for Mounting 
within 1.2 m (4 ft) of the Ground.” Luminaires 
with this marking are intended to be subjected 
to water from lawn or garden sprinkler systems, 
but are not intended to be installed at or below 
ground level where they may be subjected to 
immersion in water.

Figure 1 . . Caul ing is required for luminaires installed in wet 
locations

Photos 1 . . all-mounted luminaire clearly shows the 
bead of caul ing around the top and sides of the mounting 
plate edge to seal against the entry of water and moisture. 
A gap in the caul ing should be left at the bottom of the 
luminaire mounting base to release any condensation 
buildup as shown.
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Installation equirements 
in et ocations
Many wet location luminaires are 
mounted to an outlet box that is flush 
with the exterior surface of the dwelling. 
�e Code requires the luminaire to be 
mounted on an outlet box since the typ-
ical luminaire does not have an integral 
wiring compartment. �e outlet box may 
be incorporated into a siding accessory, 
sometimes called a “siding block”; or 
the outlet box may be recessed into the 
exterior surface of the wall. Consult the 
manufacturer’s instructions for guidance 
on proper installation. �ese instructions 
identify for the installer (1) that the use 
of caulking compound is required to pro-
vide a watertight seal between the luminaire and 
the building, and (2) the generic type of caulking 
compound to be used.

�e installation may not require the use of caulk-
ing compound if (1) the luminaire is intended to 
be mounted on a weatherproof outlet box and is 
provided with a gasket; and (2) the instructions 
specify that the luminaire is intended for use only 
on outlet boxes marked for use in wet locations. 
It is important that these directions for caulking 
be followed to prevent rain from entering the 
structure at the luminaire-mounting location and 
possibly causing structural damage.

Typical instructions by major manufacturers on 
caulking a luminaire installed in a wet location 
will read as follows: “Use weather-resistant caulk 
to seal around the perimeter of the back plate of 
the luminaire. Leave the bottom of the back plate 
open to allow condensation to leak out of the bot-
tom of the luminaire.” Suitable caulking material 
includes the silicone and acrylic types.

uminaires around Swimming 
Pools
NEC Article 410 or Chapter 40 of the IRC does 
not include any specific rules covering luminaires 
installed in, around, or above swimming pools or 

spas and hot tubs. Although rules for these lumi-
naires are covered in NEC Article 680 and IRC 
Chapter 42, any luminaire installed in a wet lo-
cation, such as outdoors, to provide lighting for a 
swimming pool, spa or hot tub, must still comply 
with the requirements for luminaires used in wet 
locations. NEC Article 680 or IRC Chapter 42 
limits the placement of these luminaires if in close 
proximity to the pool, spa, or hot tub. See Chap-
ter 14 of this book for additional information on 
luminaires for swimming pools and related loca-
tions.

uminaires Installed in 
athrooms

�e Code limits some types of luminaires from be-
ing installed in the tub or shower space. No part 
of cord-connected luminaires, chain-, cable-, or 
cord-suspended luminaires, lighting track, pen-
dants or ceiling-suspended (paddle) fans can be 
located within a zone measured 900 mm (3 ft) 
horizontally and 2.5 m (8 ft) vertically from the 
top of a bathtub rim or shower stall threshold. �is 
zone is all encompassing and includes the space 
directly over the tub or shower stall. �is require-
ment also applies to hydromassage bathtubs.

Other types of luminaires may be located in this 

Figure 1 . . uminaires installed in bathrooms are generally prohibited 
within the Code-identified tub or shower one (illustrated in yellow)
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zone if listed for the proper location. At a 
minimum, the luminaires located in this 
zone must be listed for damp locations. 
If a permitted type of luminaire is subject 
to spray from the showerhead, the lumi-
naire must be listed for wet locations. 
Properly listed recessed luminaire assem-
blies and wall sconce type luminaires are 
examples of luminaire types permitted in 
the tub or shower zone if properly listed 
for a wet or damp location. NEC Article 
680 or IRC Chapter 42 does not mod-
ify this rule for hydromassage bathtubs 
[NEC 410.10(D) or IRC E4003.11].

Other types of luminaires can be in-
stalled in bathrooms subject to being 
suitable for the location. �ese include 
surface and recessed types. No mini-
mum height above the tub is given for 
surface and recessed luminaires. Re-
cessed luminaires installed above shower 
stalls should be sealed with a gasket and 
marked as suitable for a damp location. 
Some inspectors also consider recessed 
luminaires installed above bathtubs 
without showerheads to be in a damp 
location and require a luminaire suitable 
for damp locations, while others con-
sider that location to be dry and permit 
dry location luminaires. Consult with 
the proper authority having jurisdiction 
prior to installing the luminaire. Lumi-
naires above bathroom vanities contain-
ing sink(s) are typically considered to be in a dry 
location.

Some manufacturer markings or installation in-
structions on recessed luminaires require protection 
by a GFCI device if the luminaires are located in 
a damp or wet location. GFCI protection for lu-
minaires in damp or wet locations is usually not 
required; however, the manufacturer is permitted 
to be more restrictive than the Code. Such instruc-
tions or markings must be complied with under the 
terms of NEC 110.3(B) and IRC E3403.3, which 
are covered in Chapter 1 of this text.

uminaires Installed in Clothes 
Closets
�e Code does not specifically require that a lumi-
naire be installed in a clothes closet. If a luminaire 
is installed in a clothes closet, the installation must 
meet the minimum specific requirements of the 
Code. �ese rules have evolved over the years and 
have become more stringent due to fires that have 
originated in areas with highly ignitible materials 
such as clothes closets. Careful consideration must 
be given to spacing luminaires away from the stor-
age spaces in a clothes closet. �is storage space is 

Figure 1 .5. uminaires installed in bathtub or shower one (illustrated 
in yellow) must be listed for location

Figure 1 .6. uminaires in clothes closets must be of a certain type 
and comply with minimum clearance requirements
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often used to stack combustible materials such as 
clothing or boxes. A fire can be started if the com-
bustible materials tip over and contact open in-
candescent lamps. Broken incandescent lamps can 
also cause fires. Fracture of the lamp causes pieces 
of hot filament to drop onto nearby combustible 
material. If the combustible material is near the 
lamp, the filament will not have time to cool.

It should be noted that governments around the 
world have passed measures to phase out incan-
descent light bulbs for general lighting in favor of 
more energy-efficient lighting alternatives. Phase-
out regulations effectively ban the manufacture, 
importation or sale of incandescent light bulbs for 
general lighting. �e regulations would allow sale 
of future versions of incandescent bulbs if they are 
sufficiently energy efficient.

A lengthy definition of storage space is provided 
in NEC 410.2, Figure 410.2 and IRC E4003.12 
and Figure E4003.12. �e lower part of storage 
space is defined as “the volume bounded by the 
sides and back closet walls and planes extending 

from the closet floor vertically to a height of 1.8 
m (6 ft) or the highest clothes-hanging rod and 
parallel to the walls at a horizontal distance of 600 
mm (24 in.) from the sides and back of the closet 
walls respectively...” 

Storage space above 1.8 m (6 ft) or the highest 
clothes-hanging rod continues to extend “verti-
cally to the closet ceiling parallel to the walls at 
a horizontal distance of 300 mm (12 in.) or the 
width of the shelf, whichever is greater...”

For a closet that permits access to both sides of 
a hanging rod, the storage space “includes the vol-
ume below the highest rod extending 300 mm (12 
in.) on either side of the rod on a plane horizon-
tal to the floor extending the entire length of the 
rod.” By definition, storage space can be delineated 
even if the closet rods or shelves are not installed. 
Such is the situation often encountered during the 
rough-in stage(s) of construction when the closet 
luminaire box is “roughed-in” so that its location 
can be inspected. �e Code contains a very use-
ful figure which graphically illustrates the storage 
spaces within a typical clothes closet (NEC Figure 
410.2 or IRC Figure E4003.12; (see figure 13.7 
for additional details).

Incandescent luminaires with open (exposed) 
lamps, partially enclosed lamps, pendant lumi-
naires, or lampholders are not permitted in clothes 
closets. Use of a lampholder in a clothes closet 
(regardless of the type of lamp employed) is a vio-
lation of the Code. Installing a compact fluorescent 
lamp in a lampholder does not turn the lamphold-
er into a fluorescent luminaire.

�e term lampholder should be clearly under-
stood; it is a device that is intended to support 
an electric lamp mechanically and to connect it 
electrically to a circuit (NEMA). A lampholder 
may have a switch with a pull-chain or be of the 
keyless type. Lampholders are made of porcelain, 
plastic, fiberglass or other nonmetallic materials. A 
lampholder is not a luminaire and should not be 
referred to as a luminaire.

A lighting outlet is intended for the direct 
connection of a lampholder, a luminaire, or a 
pendant cord terminating in a lampholder. A 

Figure 1 .7. eproduction of C Figure 10.2 or I C 
Figure 00 .12 for closet storage spaces
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luminaire installed in a clothes clos-
et is permitted to be only of the sur-
face-mounted or recessed incandes-
cent type with all lamp(s) completely 
enclosed, or a surface-mounted or 
recessed fluorescent or light-emit-
ting diode (LED) luminaire. Sur-
face-mounted fluorescent or LED 
luminaires identified as suitable for in-
stallation within the closet storage area 
are also permitted in a clothes closet. 
LED lighting has become a growing 
and popular option for closet lighting, 
as well as for other areas, because of its 
relatively low heat source.

A surface-mounted incandescent or 
LED luminaire of the totally enclosed 
type is permitted to be installed in a 
clothes closet. Permitted locations are 
on the inside wall above the top of the 
door or on the ceiling. A clearance of 
not less than 300 mm (12 in.) must be 
provided between the luminaire and 
the closest point of the storage area. 
Recessed incandescent or LED lumi-
naires with completely enclosed lamps 
are permitted to be installed in the wall 
or on the ceiling where a clearance of 
not less than 150 mm (6 in.) is provided 
between the luminaire and the nearest 
point of the storage area (NEC 410.16 
or IRC E4003.12; see figures 13.6 – 
13.10 for additional details).

A surface-mounted or recessed fluorescent or 
LED luminaire is permitted to be installed on 
the inside wall of a clothes closet, either above 
the door or on the ceiling. In either case, a clear-
ance of not less than 150 mm (6 in.) is required 
between the luminaire and the closest point of a 
storage area.

It is very important that the lamp wattage 
marked on the luminaire not be exceeded to 
avoid generation of excessive heat. �is is a po-
tential source of ignition for nearby combustible 
material.

ecessed uminaires

ecessed Incandescent 
Luminaires
�e Code requires recessed incandescent lumi-
naires to be provided with thermal protection and 
identified as being thermally protected. �ermal 
protection is not required for listed recessed in-
candescent luminaires that provide by design, con-
struction, and thermal performance characteristics 
that are the equivalent to thermally protected 
luminaires. �e marking “INHERENTLY PRO-
TECTED” identifies such luminaires.

Figure 1 . . Incandescent or D luminaires installed in clothes closet

Figure 1 . . Fluorescent luminaires installed in clothes closets
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�e thermal sensing device is installed by the 
luminaire manufacturer and may be placed in 
various locations. It is direct acting and interrupts 
power to the luminaire when it operates.

Clearance from Combustible 
aterials

Other than at the points of their support, recessed 
portions of luminaire enclosures must be spaced 

at least 13 mm (½ in.) from combustible 
materials. �is requirement applies to 
both incandescent and fluorescent lu-
minaires. �is spacing is not applicable 
where the recessed luminaire is identi-
fied as a Type IC recessed luminaire, 
being suitable for thermal insulation 
and combustible materials to be in di-
rect contact with the luminaire [NEC 
410.116(A) or IRC E4004.8]. �ere are 
two basic types of recessed luminaires; 
Type IC and Non-IC Rated. “IC” stands 
for “Insulation Contact.” Non-IC hous-
ings are prohibited from direct contact 
with any type of insulation in contact 

with the housing. With a non-IC rated recess lu-
minaire, the insulation can trap the heat created 
by the bulb and either damage the insulation on 
the electrical conductors, creating a fire hazard, or 
actually ignite combustible materials.

Thermal Insulation
In general, thermal insulation is not permitted to 
be installed within 75 mm (3 in.) of a recessed 
luminaire enclosure, wiring compartment, ballast, 
transformer, LED driver, or power supply. �ermal 
insulation cannot be installed above the luminaire 
where the insulation will entrap heat and prevent 
the free circulation of air. �ermal insulation is per-
mitted to make contact with a recessed luminaire 
enclosure, wiring compartment, ballast, transform-
er, LED driver, or power supply where the lumi-
naire is identified as being suitable for insulation to 
be in direct contact with the luminaire. �ese lumi-
naires are marked “TYPE IC” or “INHERENTLY 
PROTECTED.” �e luminaire is equipped with 
thermal protection, or is inherently protected. �e 
thermal protector is designed to automatically 
deactivate the lamp should the luminaire be over-
heated due to improper lamping or any other cause 
[NEC 410.116(B) or IRC E4004.9].

A typical marking on a Type IC luminaire will 
read “BLINKING LIGHT OF THIS THER-
MALLY PROTECTED LUMINAIRE MAY 

Figure 1 .10. uminaire types prohibited in clothes closets

Photo 1 . . Incandescent luminaire installed in clothes 
closet that does not appear to ha e proper clearance from 
storage area
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Figure 1 .11. ecessed incandescent luminaires generally require 
clearance from insulation and combustible materials.

Photo 1 .5. ecessed incandescent luminaire shown at 
rough-in stage of construction

INDICATE (OVERHEATING).” Conditions 
which could result in the light blinking may be 
stated in place of the phrase provided in parenthe-
ses. An example is “BLINKING LIGHT MAY 
INDICATE (INSULATION TOO CLOSE 
TO LUMINAIRE).”

ranch-Circuit Conductor 
Temperature imitations
Branch-circuit conductors having in-
sulation temperature ratings suitable 
for the temperature encountered at the 
luminaire terminations are permitted to 
terminate in the luminaire. �e marking 
found on luminaires will indicate the 
required minimum temperature rating 
of the conductors that supply the lumi-
naire where the minimum temperature 
exceeds 60°C.

Many recessed incandescent lumi-
naires are marked, “For supply con-
nections, use wire rated for at least 
90°C.” Where Type NM-B nonme-
tallic-sheathed cable is used as the 
branch-circuit wiring method, the cable 
may directly supply the luminaire outlet 
box or splice compartment. Although 
the conductors within Type NM-B cable 
must be sized based on its 60°C ampac-
ity, their temperature rating is 90°C, and 
they could be used for direct connection 
of a luminaire marked for 75°C or 90°C 
supply conductors [NEC 410.74].

ar ings on ecessed 
Incandescent uminaires
Specific markings for incandescent recessed lu-
minaires are found in the UL Safety Standard 
for Luminaires, UL 1598. All recessed lumi-
naires, except for those marked “FOR USE IN 
POURED CONCRETE ONLY” are marked 
“BLINKING LIGHT OF THIS THERMAL-
LY PROTECTED LUMINAIRE MAY IN-
DICATE OVERHEATING.” Other possible 
conditions that could result in the light blinking 
may be included in the markings. An example 
marking is “BLINKING LIGHT MAY INDI-
CATE INSULATION TOO CLOSE TO LU-
MINAIRE.”

Some incandescent recessed luminaires are con-
vertible and can be used in either IC or non-IC 
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applications. �e same rough-in sec-
tion or housing is used for both types 
of applications. �e choice of trim and 
lamp type determines the suitability of 
the completed assembly for a given ap-
plication. Details for making the proper 
choice of finishing section or trim are 
included in the installation instructions.

�e convertible recessed luminaire has 
several types of markings that are unique 
to this type of product. �e rough-in 
section is marked with the following two 
statements:

A. “BLINKING LIGHT OF THIS 
THERMALLY PROTECTED LUMINAIRE 
MAY INDICATE OVERHEATING.”

B. “DO NOT INSTALL INSULATION 
WITHIN 76 MM (3 IN.) OF ANY PART OF 
THE LUMINAIRE.”

 �e marking in “B” is on a peel-off label and 
is to be removed when the luminaire is used in a 
Type IC application.

�e rough-in section has additional markings 
to clarify the proper combination of housing and 
trim. For example, the rough-in section is marked 
“ROUGH-IN SECTION FOR CONVERT-
IBLE RECESSED LUMINAIRE.” Another 
marking gives the proper trims for both IC ap-
plications. For example, the rough-in section 
is marked “TYPE IC TRIMS/FINISHING 
SECTIONS: AA, BB, CC, etc.” and additionally 
marked “TYPE IC/NON-IC TRIMS/FINISH-
ING SECTIONS: XX, YY, ZZ, etc.” �e fin-
ishing section has a corresponding marking. For 
example, the marking on the trim will indicate 
“FINISHING SECTION FOR USE WITH 
ROUGH-IN SECTION T-9A.”

Recessed luminaires that consist of a housing 
(rough-in section) and various permitted trims 
(finishing section) are marked on each separable 
part with markings that correlate the permitted 
combinations.

Branch-circuit wiring cannot pass through an 

outlet box that is an integral part of an incandes-
cent luminaire unless the luminaire is identified 
for through wiring. �is limitation does not apply 
to the branch-circuit conductors that are part of a 
2-wire or multi-wire branch circuit that supplies 
power to multiple luminaires that are connected 
together.

Luminaires must be constructed or installed so 
that the conductors within outlet boxes will not 
be subjected to temperatures higher than that for 
which the conductors are rated. Manufacturers of 
surface-mounted luminaires often use an insula-
tion pad for this purpose. �e insulation pad is a 
critical part of the listed luminaire and must be 
installed at the time of installation (NEC 410.21 
or IRC E4003.13).

Figure 1 .12. Installation of recessed uorescent luminaires

Photo 1 .6. Typical mar ings on recessed luminaires
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Fluorescent uminaires 
Fluorescent luminaires are referred to in the Code
in many locations as “electric-discharge lumi-
naires.” �ese fluorescent luminaires have enjoyed 
an increased popularity over time due to their en-
ergy efficiency. Many models of fluorescent lamps 
are available that are self-contained without an 
external ballast.

Where these luminaires are installed indoors, 
they are required to have ballasts that have ther-
mal protection that is integral with the ballast. 
Replacement ballasts for existing luminaires are 
also required to have thermal protection [NEC 
410.130(E)(1) or IRC E4003.6]. �is thermal 
protection is provided by a switching device in-
tegral to the ballast that interrupts the power to 
the lamps if the ballast temperature rises to 105°C 
or greater. �is switching device will reset so the 
ballast will resume operation once the ballast cools 
down below 105°C.

Where a surface-mounted fluorescent luminaire 
is installed on low-density fiberboard, it must be 
listed for this condition or it must be installed on 
spacers not less than 38 mm (1½ in.) from the sur-
face. Low-density fiberboard includes sheets, pan-
els, and tiles that have a density of 320 kg/m³ (20 
lb/ft³) or less and are formed of bonded plant fiber. 
�is material does not include solid or laminated 
wood of fiberboard that has a density in excess of 
320 kg/m³ (20 lb/ft³). �e rules for recessed flu-
orescent luminaires parallel the rules for recessed 
incandescent luminaires. While fluorescent lumi-

naires do not generate the same quantity of heat 
as incandescent luminaires do during operation, 
insulation must be kept clear of the luminaire to 
avoid cycling of the thermal protector. Fluorescent 
luminaires that are intended to have thermal in-
sulation in contact with the luminaire are marked 
“TYPE IC,” identical to the marking for recessed 
incandescent luminaires (NEC 410.136 or IRC 
E4004.7).

D uminaires
Currently, the hottest trend in lighting is in the 
form of light-emitting diode (LED) luminaires. 
Dramatic advances in technology for LED lu-
minaires broadened the applicability of this type 
of illumination, creating an exciting option for 
dwelling units and other applications. Compared 
to traditional light sources such as incandescent 
lighting, LED luminaires can deliver longer life in 
a smaller size, faster switching, lower energy con-
sumption, lowered maintenance demands with 
improved physical robustness, and equal or better 
quality of light. �ey also have fewer environmen-
tal concerns linked to their disposal. A typical 13-
watt LED lamp emits 450 to 650 lumens, which 
is equivalent to a standard 40-watt incandescent 
bulb.

An LED is a two-lead semiconductor light 
source. When a suitable current is applied to the 
leads, electrons are able to recombine with electron 
holes within the device, releasing energy in the 
form of photons. �is effect is called electrolumi-
nescence, and the color of the light (corresponding 
to the energy of the photon) is determined by the 
energy band gap of the semiconductor. LEDs are 
typically small (less than 1 mm2) and integrated 
optical components may be used to shape the ra-
diation pattern. LEDs use heat sinks to absorb the 
heat produced by the LED and dissipate it into 
the surrounding environment. �is keeps LEDs 
from overheating and burning out.

LEDs are incorporated into bulbs and some-
times the luminaire itself for general lighting 
applications. Small in size, LEDs provide unique 

Photo 1 .7. D luminaire installed in a clothes closet
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design opportunities. Some LED bulb 
solutions may physically resemble famil-
iar light bulbs and better match the ap-
pearance of traditional light bulbs. Some 
LED luminaires may have LEDs built in 
as a permanent light source (see photo 
13.7). �ere are also hybrid approaches 
where a non-traditional “bulb” or re-
placeable light source format is used and 
specially designed for a unique luminaire. 
LEDs offer a tremendous opportunity 
for innovation in lighting form factors 
and fit a wider breadth of applications 
than traditional lighting technologies.

Typically, luminaires are required to be 
installed with a certain amount of clear-
ance from the storage space within a 
closet. However, surface-mounted fluo-
rescent or LED luminaires are permitted 
to be installed within the closet storage 
space where identified for this use [NEC 
410.16(C)(5) or IRC E4003.12(5)].

Supply Conductors
Luminaires shall be wired with conduc-
tors having insulation suitable for the 
environmental conditions, current, and 
voltage. �e conductor insulation must 
have a temperature rating that is suitable 
for the temperature to which the con-
ductors will be subjected (NEC 410.52 
or IRC E4003.13).

Where feeder or branch-circuit conductors pass 
within 75 mm (3 in.) of the ballast, transformer, 
LED driver, or power supply in the luminaire, 
the conductors are required to have not less than 
90°C insulation temperature rating. �e following 
conductor insulation types are permitted: RHH, 
THW, THHN, THHW, FEP, FEPB, SA, and 
XHHW. Type THW insulation usually has a 
75°C temperature rating. �e Code permits type 
THW insulation to have a 90°C rating where 
used within electric-discharge lighting equipment 
[NEC 410.68 and Table 310.104(A)].

Caution for xisting Installations
�e most common wiring method for many dwell-
ings is nonmetallic-sheathed cable branch-circuit 
wiring. Prior to 1984, Type NM cable was manu-
factured with a conductor insulation of 60°C ma-
terial for many years. Starting with the 1984 edi-
tion of the NEC, Type NM cable was required to 
be produced with insulated conductors that had a 
90°C rating. �is product is required to be identi-
fied with the suffix “-B” so it reads “Type NM-B.”

In some cases, and in some areas, dwellings were 
wired with the 60°C rated wire for a few years 
beyond 1984, depending on which edition of the 

Figure 1 .1 . Supply conductors must be suitable for the maximum 
temperature

Figure 1 .1 . Cord-connected electric-discharge or D luminaires
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Code was locally adopted, how it was enforced, and 
on the local supply of the older wiring materials.

�is change in the temperature rating of 
branch-circuit wiring along with a change in de-
sign of many incandescent luminaires presents a 
situation of which installers need to be particu-
larly aware. Many incandescent luminaires of the 
“drum” or enclosed type that fit against a ceiling 
have been designed to require branch-circuit sup-
ply conductors rated more than 60°C. Particular 
care should be taken when replacing existing lu-
minaires. If the dwelling unit is wired with 60°C 
Type NM cable, verify prior to installation that the 

new luminaire does not require 75°C or 
90°C supply conductors. If it is not pos-
sible to find a luminaire rated for 60°C 
conductor insulation, additional electri-
cal work is required (see figure 13.13). 

Installing a luminaire requiring 
conductors with a temperature rating 
higher than the supply conductors can 
create temperatures in the outlet boxes 
that exceed the rating of the insulation 
on the existing wire. Damage to the 
branch-circuit wiring can occur where 
this excess temperature exists for an ex-
tended period. See Chapter 16 of this 
text for additional information on the 

subject of existing electrical installations and 
wiring.

�e Safety Standard for Luminaires, UL 1598, 
requires specific markings to alert the installer 
to the potential safety hazards. A luminaire that 
may be installed in a dwelling and is intended to 
be connected to or mounted over an outlet box 
will be marked. �e marking will state “CAU-
TION— RISK OF FIRE” and “CONSULT A 
QUALIFIED ELECTRICIAN TO ENSURE 
CORRECT BRANCH-CIRCUIT CON-
DUCTOR.” �e minimum temperature rating 
of the supply conductors will also be marked on 
the label.

Connection of lectric-Discharge 
and D uminaires
Where electric-discharge or LED luminaires are 
supported independently of an outlet box, they are 
required to be supplied and connected through 
a metal raceway, nonmetallic raceway, Type MC 
cable, Type AC cable, or nonmetallic-sheathed 
cables [NEC 410.24(A)].

Listed electric-discharge or LED luminaires 
are permitted to be cord-connected if the lumi-
naire is located directly below the outlet box, the 
cord is continuously visible for its entire length 
(except at terminations), and is not subject to 
strain or physical damage. �ese cord-equipped 

Figure 1 .15. oxes at luminaire outlets

Photo 1 . . uminaires are required to be supported by 
boxes designed for the purpose
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luminaires must terminate at the supply end 
of the cord in a grounding-type attachment 
plug unless the listed luminaire or luminaire 
assembly incorporates a cord and canopy. �e 
Code does not recognize the practice of direct-
ly connecting cords to outlet boxes, with or 
without strain relief. Listed cord-and-canopy 
assemblies are required for direct connection. 
�e listed cord-and-canopy assembly will in-
corporate proper strain relief for the cord [NEC 
410.62(C)].

Access to Splices
All connections between luminaire conductors 
and branch-circuit conductors must be accessible 
for maintenance and inspection. Splices and taps 
are not permitted to be located within luminaire 
arms or stems. Access to splices supplying a lumi-
naire mounted within a cove must also be acces-
sible. Some electric-discharge or LED luminaires 
are listed for mounting on the surface of a vertical 
surface such as a wall or ceiling. Such luminaires 
are not supported solely by the outlet box. �e 
branch-circuit supply conductors are within a 
concealed outlet, pull, or junction box behind the 
luminaire. �e luminaire must be provided with a 
suitable opening on the back of the luminaire so 
that the conductors and splices within the outlet 
box are accessible without removing the luminaire. 
Simply using a standard chase nipple for this pur-
pose is not permitted. One method used to meet 
this requirement is to remove the large knockout 
provided by the luminaire manufacturer in the 
portion of the luminaire housing intended to be 
mounted against the ceiling or wall. �e luminaire 
should be mounted to the surface with the large 
knockout opening centered over the outlet box 
or mud ring. It usually is necessary to install vinyl 
electrical tape or other approved insulating mate-
rial over the sharp edge of the knockout opening. 
�is will help protect the conductor insulation 
from damage [NEC 410.24(B) or IRC E4004.3].

Photo 1 . . Some old-wor  boxes are permitted to support 
luminaires as well

Photo 1 .11. Trees permitted to support outdoor luminaires 
and associated equipment

Photo 1 .10. all-mounted luminaires weighing not more 
than  g (6 lb) are permitted to be mounted by de ice box
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Supporting of uminaires
In most cases, only an outlet box that is specifically 
designed for the purpose can be used for luminaire 
or lampholder support. At every outlet used exclu-
sively for lighting, the box must be so designed or 
installed that a luminaire can be properly attached. 
Using the luminaire mounting hardware provided 
by the manufacturer helps ensure the proper secu-
rity and support of the luminaire [NEC 314.27(A) 
or IRC E3905.6].

�e UL Guide Information for Electrical 
Equipment Directory (UL Product Spec), Me-
tallic Outlet Boxes (QCIT) adds, “A box, with 
or without bracket or bar hanger, intended for 
support of a luminaire weighing 50 lbs or less, is 
provided with a marking ‘FOR FIXTURE SUP-
PORT’ on the carton.” Listed boxes that are suit-
able for supporting ceiling-mounted luminaires 
weighing more than 23 kg (50 lb) are marked 
with the maximum weight of the luminaire. 
Device plaster rings are not listed for support of 
ceiling-mounted luminaires unless marked for use 
in ceilings and with the maximum weight of the 
product to be supported [NEC 314.27(A)(2) or 
IRC E3905.6.2]. �e UL Product Spec informa-
tion for Nonmetallic Outlet Boxes (QCMZ) has 
similar marking requirements and restrictions.

Device boxes are generally not recognized for 
the support of luminaires. Such boxes are typically 

intended only to support switches, recep-
tacles, and similar devices or utilization 
equipment such as smoke alarms. An ex-
ception to the Code permits device boxes 
to support lighter luminaires. A vertical 
surface-mounted luminaire that weighs 
not more than 3 kg (6 lb) is permitted 
to be supported on a device box. �e lu-
minaire or its supporting yoke must be 
secured to the box with at least two No. 6 
or larger screws [NEC 314.27(A)(1) Ex-
ception or IRC E3905.6.1 Exception].

�e UL directory indicates old-work 
boxes are also permitted to support lu-
minaires. Old-work boxes are also com-
monly referred to in the field as “cut-in” 

or “pop-in” boxes. �ese types of boxes are gen-
erally used where wiring is fished into existing 
walls or ceilings. An old-work type box is typically 
secured to the building finish by brackets and not 
directly by a structural member. Both metallic de-
vice boxes and nonmetallic device boxes intended 
to be installed in an existing structure have been 
investigated for the support of luminaires, smoke 
alarms, or carbon monoxide detectors. �e max-
imum weight of the supported luminaire, smoke 
alarm or carbon monoxide detector is 3 kg (6 lb). 
�e UL product category Nonmetallic Outlet 
Boxes (QCMZ) contains similar information. 

Manufacturers may have additional require-
ments that are more specific than the general re-
quirements found in the Code. �e instructions of 
the manufacturer become part of the Code [NEC 
110.3(B) or IRC E3403.3]. 

For example, instructions from a major lumi-
naire manufacturer might read, “�ese luminaires, 
with the exception of the post type, are intend-
ed to be mounted to a 100 mm square x 54 mm 
deep (4 in. x 2-⅛ in.) metal octagon outlet box at 
a minimum of 1.8 m (6 ft) above ground level. �e 
box must be directly supported by the building 
structure.”

Another major manufacturer of luminaires 
includes in the instructions a requirement for 
a metal box to be used for supporting the lumi-

Figure 1 .16. rounding of luminaires with exposed conducti e parts
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naire. Where they are not a part of outlet boxes, 
luminaire studs and hickeys must be made of steel, 
malleable iron or other material suitable for the 
application. Where used to support luminaires, 
raceway fittings must be capable of supporting 
the weight of the complete luminaire assembly 
including the lamp(s).

uminaires Supported by Trees
Vegetation such as trees is permitted to support 
outdoor luminaires and associated equipment 
[NEC 410.36(G)]. Vegetation is not permitted 
to support overhead spans for service, feeder, or 
branch-circuit conductors [NEC 225.26, 230.10, 

590.4( J)]. Branch circuits are permitted 
to be run underground to supply the 
luminaires supported by trees. Conduc-
tors or cables extending from under-
ground up the side of the tree must be 
protected from physical damage by an 
approved means such as in rigid metal 
conduit, intermediate metal conduit, 
or Schedule 80 PVC conduit or equiv-
alent. �is added protection would 
prevent a weed cutter or lawn mow-
er from damaging the Type UF cable 
that would otherwise be exposed at the 
bottom of the tree. �e Code contains 
additional requirements for protecting 
underground conductors that transition 

from underground to above grade. See Chapter 
11 in this book and NEC 300.5 or IRC E3803.1 
for additional details.

rounding of uminaires
Luminaires that have exposed metal parts are 
required to be grounded and manufactured with 
a means for the connection of an equipment 
grounding conductor (NEC 410.42 and 410.44 or 
IRC E4003.3).

A bare or green-insulated equipment bonding 
jumper that is riveted to the metal canopy of the 
luminaire is frequently used to bond a luminaire 
to the metallic outlet box. With a nonmetallic box, 
the bonding jumper is usually directly connected 
to the branch-circuit equipment grounding con-
ductor(s). Some nonmetallic boxes incorporate an 
equipment-bonding terminal strip. In this case, 
grounding is accomplished by connecting the lu-
minaire support screw to the equipment-ground-
ing terminal strip. �e branch-circuit supply, or 
switch leg that is run to the luminaire outlet box, 
will include an equipment grounding conduc-
tor that must be connected to the same equip-
ment-bonding terminal strip.

In addition to grounding the luminaire, the 
equipment grounding conductors that are part of 
the supply circuit must also be used to ground the 

Photo 1 .12. D trac  lighting in itchen area

Figure 1 .17. ighting trac  installation
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metal outlet box. Only one conductor is permitted 
under the green bonding screw. Splicing together 
all the equipment grounding conductors with the 
bonding jumpers to the luminaire and to the metal 
outlet box will accomplish this task.

Where the wiring method supplying the lumi-
naire does not provide a means for grounding, the 
luminaire must be made of insulating material and 
have no exposed metal parts (NEC 410.44 Ex. No. 
1).

Where an equipment grounding means does not 
exist at a lighting outlet (as is the case for many 
older homes) and replacement luminaires are in-

stalled, the Code provides an alternative 
to allow for installation of luminaires 
that are required to be grounded. See 
Chapter 16 of this book for additional 
information on this topic.

Trac  ighting
Track lighting offers an alternative ap-
proach for providing illumination in 
dwelling units. Lighting track is available 
in a variety of styles and configurations, 
including surface and recessed types. Re-
quirements relative to safe installation of 
lighting track are found in NEC Article 
410 Part XIV or IRC Section E4005.

Lighting track is required to be perma-
nently installed and supplied by a branch circuit 
having a rating not greater than that of the track. 
Track and associated fittings must be suitable for 
the use and used in accordance with the manufac-
turer’s installation instructions. Using the fittings 
in proper fashion ensures that proper polarity and 
grounding for the track installation can be estab-
lished in the installation (NEC 410.151 or IRC 
E4005.1, E4005.2).

Lighting track is required to be securely mount-
ed so that the track will accept the weight it is 
intended to carry by attached luminaires (track 
lighting heads). Lighting track must be supported 
at least every 1.2 m (4 ft) unless otherwise identi-
fied. Each single section of track that is 1.2 m (4 
ft) in length or shorter must be supported at each 
end of the track, and the track must be a single 
length (NEC 410.154 or IRC E4005.5). �e ends 
of the track must be capped.

Lighting track must be properly grounded by 
connection of the equipment grounding conduc-
tor and must extend the grounding to any attached 
luminaires that are required to be grounded. 
Track lighting sections must be securely fastened 
together with suitable fittings that maintain the 
circuitry, polarity, and the grounding connections 
between track sections [NEC 410.155(B) or IRC 
E4005.6].

Figure 1 .1 . ow- oltage lighting systems must meet the requirements 
of NEC Article 11

Photo 1 .1 . Typical landscape lighting system with power 
supply and wet location receptacle (insert)
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ocations for Trac  ighting
Track lighting is permitted to be installed in a 
variety of locations in dwelling units, but is not 
permitted to be installed in any of the following 
locations or areas:

1. Where likely to be subject to physical dam-
age

2. In wet or damp locations
3. Where subject to corrosion
4. In battery storage rooms (not likely to be 

found in dwellings)
5. In hazardous locations (not likely to be 

found in dwellings)
6. Where concealed
7. Extending through walls or partitions
8. Less than 1.5 m (5 ft) above finish floor 

unless protected from damage, or the track 
operates at less than 30 volts rms open cir-
cuit voltage

9. Within the restricted bathtub zone [900 mm 
(3 ft) horizontally and 2.5 m (8 ft) vertically 
from the top of the bathtub rim] described 
at NEC 410.10(D) or IRC E4003.11. See 
NEC 410.151(C) or IRC E4005.4.

ow- oltage ighting Systems
A low-voltage lighting system operates at 30 volts 
or less and has an isolating type power supply, and 
the low-voltage luminaires and associated equip-
ment are required to be identified for use with such 
systems. �e output supply is required to be not 
more than 25 amperes and to operate at 30 volts 
(42.4 volts peak) or less under all load conditions. 
�ese lighting systems are required to be listed as 
a complete system. �e luminaires, power supply, 
and luminaire fittings (including the exposed bare 
conductors) of an exposed bare conductor light-
ing system must be listed for the use as part of 
the same identified lighting system (NEC 411.3). 
A low-voltage lighting system must be supplied 
from a maximum 20-ampere branch circuit.

Lighting equipment connected to a Class 2 
power source is also considered a low voltage 

lighting system. Listed Class 2 lighting equipment 
must be rated in conformance with NEC Chapter 
9, Table 11(A) or Table 11(B). Table 11(A) applies 
for alternating current sources, and Table 11(B) 
applies for direct-current sources. �e power for 
Class 2 circuits are either (1) inherently limited, 
requiring no overcurrent protection, or (2) not in-
herently limited, requiring a combination of pow-
er source and overcurrent protection. Power sourc-
es designed for interconnection shall be listed for 
the purpose. As part of the listing, Class 2 power 
source are durably marked where plainly visible to 
indicate the class of supply and its electrical rating. 
A Class 2 power source not suitable for wet loca-
tion use must be so marked.

Low-voltage lighting systems are primarily 
covered by Article 411 in the NEC. Low-voltage 
lighting systems are not dealt with specifically in 
the IRC, so by default the requirements of NEC 
Article 411 are applicable to these systems even if 
the adopted code is the IRC.

Several hazards are addressed through the list-
ing process and Code requirements for such sys-
tems. Some illumination sources are tungsten hal-
ogen lamps, which produce significant amounts 
of heat. For these types of low voltage luminaires, 
the manufacturer may restrict the location of the 
lamps to open spaces that are reasonably well ven-
tilated. �ere may be restrictions against mount-
ing the luminaire directly to a combustible surface 
as well. As with other lighting applications, LED 
technology is making great strides in the low volt-
age lighting industry. �e heat-related restrictions 
associated with tungsten halogen lamps is not an 
issue with LED technology.

�e wiring method may be supplied by the 
manufacturer as part of the system. Some instruc-
tions may specify the type of cable as well as size 
and length limitations. �e wiring method may 
not be concealed or extended through a building 
wall unless it is (1) one of the types permitted by 
Chapter 3 of the NEC or (2) installed using wir-
ing supplied by a Class 2 power source and in-
stalled to meet the requirements of NEC 725.130. 
Nonmetallic-sheathed cable is an example of a 
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wiring method that is permitted to be concealed 
or extended through building walls.

When installed around a swimming pool, these 
low-voltage lighting systems cannot be installed 
within 3 m (10 ft) horizontally from the nearest 
edge of the water, unless permitted by NEC Article 
680. NEC 680.22(B)(6) allows specific low-volt-
age luminaires to be located less than 1.5 m (5 ft) 
from the inside walls of the pool under certain 
conditions. �ese luminaires must be of the type 
that does not require connection to an equipment 

grounding conductor. �ese luminaires 
cannot exceed the voltage limitations 
defined in the definition of “Low Volt-
age Contact Limit” at NEC 680.2 or 
IRC E4201.2. �ese luminaires must 
also be supplied by listed transform-
ers or power supplies that comply with 
NEC 680.23(A)(2) or IRC E4206.1 for 
transformers or power supplies listed for 
swimming pool and spa use. See Chap-
ter 14 of this text for more information 
on low voltage lighting around pools.

It is important to follow all applicable 
rules of the Code for luminaire installa-
tions. �e installer must become familiar 
with and follow the installation instruc-
tions. �e installer and user must take 
into account any limitations on the use, 
based on product listings. Luminaires 
are a source of heat. Connecting the 
luminaire to branch-circuit conductors 
that do not have the minimum required 
insulation temperature rating may cause 
the wiring to fail over time. Luminaires 
that are overlamped or improperly in-
stalled too close to combustible materi-
als are a potential fire hazard.

eceptacles
A receptacle is a contact device in-
stalled at the outlet for the connection 
of an attachment plug, or for the direct 

connection of electrical utilization equipment 
designed to mate with the corresponding contact 
device. A duplex receptacle has two contact de-
vices on the same yoke. Consequently, a duplex 
receptacle is a multiple receptacle and would not 
be acceptable for those applications where the 
Code requires a single receptacle.

An attachment plug (cord cap or plug) is a de-
vice that is inserted into a receptacle in order to 
establish a connection between the conductors of 
the flexible cord it is attached to and the conduc-
tors of the permanently connected receptacle.

Figure 1 .1 . Tamper-resistant receptacles are required at most 
dwelling unit receptacle outlets

Figure 1 .20. Tamper-resistant receptacles not required in certain 
locations (by exception)
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Receptacles must be listed and marked with the 
manufacturer’s name or identification and voltage 
and ampere ratings. Receptacles and cord connec-
tors must be rated not less than 15 amperes, 125 
volts, or 15 amperes, 250 volts and must be of a 
type that is not suitable for use as a lampholder.

Receptacles rated 20 amperes or less and direct-
ly connected to aluminum conductors must be 
marked CO/ALR. Detailed reports on repairing 
aluminum-wiring connections at terminations are 
available from the U. S. Consumer Product Safe-
ty Commission and Underwriters Laboratories, 
Inc. In addition, see Chapter 16 of this text for 
additional information on “pigtailing,” the prac-
tice of connecting insulated copper jumper wires 
from the receptacle or luminaire to aluminum 
branch-circuit conductors.

eceptacles  here equired
�e Code contains general requirements for where 
receptacle outlets are required in dwelling units. 
Where permitted, cord pendants (a flexible cord 
having a receptacle-type cord cap) may be perma-
nently installed in place of receptacle outlets. A 
receptacle is required wherever flexible cords with 
attachment plugs might be used. For appliances, re-
ceptacles are generally required to be installed within 
1.8 m (6 ft) of the intended location of the appliance 
(NEC 210.50(C) or IRC E3901.5). �ere are many 

specific requirements for receptacle outlet locations 
in one- and two-family dwellings. See Chapter 11 
of this text for additional information on required 
receptacle outlets and locations of such outlets.

Tamper- esistant eceptacles
All nonlocking-type 125- and 250-volt, 15- and 
20-ampere receptacles in areas of a dwelling unit 
referred to in NEC 210.52 and 550.13 or IRC 
E3901.1 are generally required to be listed tam-
per-resistant receptacles. Tamper-resistant recepta-
cles feature a built-in shutter system that prevents 
penetration of foreign objects such as keys, paper 
clips, and hair pins from touching electrically live 
components if they are inserted into the slots of 
these receptacles, as they often are by young chil-
dren. However, these shutters do not impair nor-
mal cord cap insertion, as both the ungrounded 
and grounded conductor slots must be engaged 
simultaneously before the shutters will open. �e 
requirement for tamper-resistant receptacles would 
include the majority of the receptacles in dwelling 
units [NEC 406.12 or IRC E4002.14].

Receptacles in the following locations specified 
by NEC 210.52 and 550.13 or IRC E3901.1 are 
not required to be of the tamper-resistant type:

1. Receptacles located more than 1.7 m (5½ 
ft) above the floor.

Photo 1 .1 . Typical listed tamper-resistant receptacle 
(notice the shutters behind the ungrounded and grounded 
blade slots)

Photo 1 .15. The use of a drywall or sheet-metal screw for 
mounting of a receptacle or switch is prohibited
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2. Receptacles that are part of a lu-
minaire or appliance.

3. A single receptacle or a duplex re-
ceptacle for two appliances locat-
ed within the dedicated space for 
each appliance that, in normal use, 
is not easily moved from one place 
to another and that is cord-and-
plug connected (such as behind a 
refrigerator in a kitchen area).

4. Nongrounding receptacles 
used for replacements of exist-
ing nongrounding receptacles 
[NEC 406.12 Exception or IRC 
E4002.14 Exception].

Another example of a receptacle not required to 
be of the tamper-resistant type would be the re-
quired receptacle at an air conditioning unit or at 
a furnace in an attic. �is receptacle is required at 
a dwelling unit by NEC 210.63 or IRC E3901.12, 
not NEC 210.52 or IRC E3901.1. See Chapter 
10 of this textbook for more information on tam-
per-resistant receptacles.

In existing dwellings, listed tamper-resistant 
receptacles would need to be provided where re-
placement receptacles are installed at receptacle 
outlets that are now required to be tamper-resis-
tant receptacles under today’s Code requirements, 
except where a non-grounding receptacle is re-
placed with another non-grounding receptacle 
[NEC 406.4(D)(5)].

FCI for eplacement 
eceptacles

In existing dwellings, GFCI protection is required 
for replacement receptacles in any location where 
the receptacle would now require GFCI protection 
under today’s Code requirements [NEC 406.4(D)
(3)]. An example of this would be at a non-GF-
CI-protected kitchen countertop receptacle or a 
bathroom receptacle being replaced. See Chapter 
16 of this textbook for further information on re-
placement of existing receptacles.

ounting of eceptacles
Receptacles are required to be mounted in identified 
boxes or assemblies. �ese boxes or assemblies are 
generally required to be securely fastened in place. 

Screws used for the purpose of attaching re-
ceptacles to a box must be of the type provided 
with a listed receptacle, or must be machine screws 
having 32 threads per inch or part of listed as-
semblies or systems, and in accordance with the 
manufacturer’s instructions [NEC 406.5 or IRC 

Figure 1 .21. Illustration of how a tamper-resistant receptacle wor s

Photo 1 .16. onmetallic (insulating material) faceplate for 
receptacle
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E4002.6]. �is will eliminate the use of drywall or 
sheet-metal screws for attaching receptacles, cov-
ers, luminaires, and other equipment to mounting 
boxes. �is shoddy support method has become 
a concern in the electrical industry. �is crude 
practice should be unacceptable and can result in 
damage to the box and inadequate support of the 
attached receptacle itself. Installers should always 
follow the manufacturer’s installation instructions. 
�is same requirement for mounting of receptacles 
also applies to mounting of switches or attaching 
covers and canopies to boxes [NEC 404.10(B) and 
314.25 or IRC E4001.10 and E3906.9].

eceptacle Faceplates
Metal receptacle faceplates are required 
to be of ferrous metal not less than 0.76 
mm (0.030 in.) in thickness. Where 
faceplates are made of nonferrous metal, 
they cannot be less than 1.02 mm (0.040 
in.) in thickness. Metal faceplates must 
be properly grounded to the equipment 
grounding conductor that is present in a 
metallic box. A metal faceplate is consid-
ered grounded if connected with metal 
screws to a grounded metal device yoke 
or strap and at least one of the insulating 
paper or fiberglass washers is removed 
from the mounting screws. �e device 
yoke is considered grounded if connect-
ed with metal screws to a metal box or 
a nonmetallic box with integral means 
for grounding devices. �e box must be 
surface-mounted on the wall, ceiling or 
floor surface to use this provision. When 
connected to a grounded metal box or 
nonmetallic box with integral ground-
ing means, a listed self-grounding or 
auto-grounding type device may also be 
used for grounding the faceplate. Con-
necting the equipment grounding con-
ductor or equipment bonding jumper 
to the equipment grounding termina-
tion on the device is another permitted 
method of grounding the yoke [NEC 
406.6, 250.146(A) or IRC E4002.5, 

E3908.14].
Faceplates of insulating material must be non-

combustible and not less than 2.54 mm (0.10 in.) 
in thickness, but shall be permitted to be less than 
2.54 mm (0.10 in.) in thickness if formed or re-
inforced to provide adequate mechanical strength.

Receptacle faces are required to be flush with, or 
project from faceplates of insulating material and 
are required to project a minimum of 0.4 mm (0.015 
in.) from metal faceplates. Faceplates are required 
to be installed so as to completely cover the opening 
and seat against the mounting surface. Receptacles 
mounted in boxes that are set back of the wall sur-

Figure 1 .22. eceptacles in raised co ers require a minimum of two 
mounting screws or means

Figure 1 .2 . eceptacles installed in damp and wet locations
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face are required to be installed so that the mount-
ing yoke or strap of the receptacle is held rigidly 
at the surface of the wall. Receptacles mounted in 
boxes that are flush with the wall surface, or project 
therefrom, are required to be so installed that the 
mounting yoke or strap of the receptacle is seated 
against the box or raised box cover [NEC 406.6 or 
IRC E4002.5, E4002.6, E4002.7].

Receptacles installed in raised covers are not 
permitted to be secured solely by a single screw, 

unless the device, assembly, or box cover is listed 
and identified for such use. Common practice is 
to provide additional holes in the raised cover to 
secure the receptacle to the cover through the re-
ceptacle mounting yoke holes.

All 15- and 20-ampere attachment plugs and 
connectors are required to be constructed with no 
exposed current-carrying parts except the prongs, 
blades or pins. �e cover for wire terminations is 
required to be a part that is essential for the oper-
ation of an attachment plug or connector (dead-
front construction). 

Attachment plugs must be installed so that their 
prongs, pins, or blades are not energized unless in-
serted into an energized receptacle. �is effectively 
prohibits the practice of using a flexible cord with 
an attachment plug at both ends for the purpose of 
providing temporary power. A receptacle cannot 
be installed so as to require an energized attach-
ment plug as its source of supply [NEC 406.7(B) 
or IRC E3909.4].

Backfeeding a permanently installed recepta-
cle to energize the entire system during a power 
outage is a dangerous and unacceptable practice. 
Without a suitable transfer mechanism, indi-
viduals working on other parts of the system are 
exposed to electrical shock or electrocution. It is 
important to provide transfer equipment suitable 
for the intended purpose and designed to prevent 
the inadvertent interconnection of both sources.

Photo 1 .17. eather-resistant receptacle with the  
mar ing (both receptacles are tamper-resistant)

Photo 1 .1 . eceptacle co er listed and identified to be 
used in damp location (does not pro ide weatherproof 
protection when attachment plug cap is installed)

Photo 1 .1 . utdoor receptacle outlets with in-use xtra 
Duty  type co ers (extra duty co ers come in cast metal or 
nonmetallic styles)
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Receptacles are generally not permitted to be 
controlled by dimmer switches. General use dim-
mer switches are intended for the connection of 
only permanently installed incandescent lumi-
naires unless listed for other loads and installed 
accordingly [NEC 404.14(E) or IRC E4001.12]. 
See category (EOYX) in the UL Guide Informa-
tion for Electrical Equipment Directory (Product 
Spec) for additional information.

A receptacle cannot be grouped or ganged in a 
box with other receptacles, snap switches, or sim-
ilar devices, unless they are arranged so that the 
voltage between adjacent devices does not exceed 
300 volts, or unless they are installed in boxes or 
enclosures equipped with identified, securely in-
stalled barriers between the receptacle and the 
adjacent devices [NEC 406.5( J)].

eceptacles Installed in Damp or 
et ocations 

Damp Locations
Precaution needs to be taken when receptacles 

are installed in damp or wet locations. All 15- and 
20-ampere, 125- and 250-volt nonlocking type re-
ceptacles installed in damp locations are required 
to be of the listed weather-resistant type. Weath-
er-resistant receptacles installed outdoors in wet 
and damp locations are subject to more demanding 
temperature variations, direct sunlight and possi-
ble mechanical abuse than those installed indoors 
in a typical dry environment. Weather-resistant 
receptacles are specifically designed to withstand 
these environments and conditions. Several man-
ufacturers of the weather-resistant receptacles are 
producing these receptacles with a “WR” designa-
tion on the face of the receptacle to readily identi-
fy the receptacle as the weather-resistant type.

Examples of outdoor damp locations are partially 
protected locations such as under canopies, open-
roofed porches, and the like. A receptacle installed 
in such a location will not be directly subjected 
to a beating rain or runoff. A receptacle installed 
outdoors in a damp location is required to have an 
enclosure for the receptacle that is weatherproof 

when the receptacle is covered (attachment plug 
cap may not be inserted and receptacle’s cover is 
closed). An installation suitable for wet locations 
is also suitable for damp locations [NEC 406.9(A) 
or IRC E4002.8].

Weatherproof is defined as being so constructed 
or protected that exposure to the weather will not 
interfere with successful operation.

Rainproof, raintight, or watertight equipment 
can fulfill the requirements for weatherproof 
where varying weather conditions other than wet-
ness, such as snow, ice, dust, or temperature ex-
tremes, are not a factor.

Watertight is defined as being so constructed 
that moisture will not enter the enclosure under 
specified test conditions (see NEC Article 100 or 
IRC Chapter 35).

Wet Locations
A 15- or 20-ampere, 125- and 250-volt recepta-

cle installed in a wet location such as outdoors and 
exposed to the weather, or in other wet locations, is 
required to be installed in a weatherproof enclosure. 
�e enclosure must be weatherproof regardless of 
whether or not the attachment plug is inserted. An 
outlet box hood installed for this purpose is required 
to be listed and shall be identified as “extra duty.” 
Other listed products, enclosures, or assemblies 
providing weatherproof protection that do not uti-
lize an outlet box hood need not be marked “extra 
duty.” [NEC 406.9(B)(1); IRC E4002.9]. An outlet 
box hood is defined as “a housing shield intended 
to fit over a faceplate for flush-mounted wiring 
devices, or an integral component of an outlet box 
or of a faceplate for flush-mounted wiring devices.” 
�e outlet box hood does not serve to complete the 
electrical enclosure; it does reduce the risk of water 
coming in contact with electrical components with-
in the hood, such as attachment plugs or wiring de-
vices [NEC 406.2].

�ere are several receptacle covers that comply 
with this requirement that are currently on the 
market. �ey usually have a domed cover that will 
allow a flexible cord to enter the bottom of the 
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cover and close with the cord cap inserted in the 
receptacle. Both cast metal and nonmetallic types 
of covers are available.

For other than 15- or 20-ampere, 125- and 250-
volt receptacles, the requirements for the type of 
cover vary. If the product is attended while being 
used, the receptacle enclosure is only required to 
be weatherproof when the attachment plug is 
removed [NEC 406.9(B)(2) or IRC E4002.10]. 
Receptacle outlets other than 15- or 20-ampere, 
125- and 250-volt receptacles are not very com-
mon at dwelling units.

�e enclosure for a receptacle installed 
in an outlet box that is flush-mounted 
on a wall surface is required to be made 
weatherproof by means of a weather-
proof faceplate assembly that provides a 
watertight connection between the plate 
and the surface of the wall. A receptacle 
outlet installed outdoors is required to 
be located so that water accumulation 
is not likely to touch the outlet cover or 
plate [NEC 406.9(E) or IRC E4002.12].

It should be understood that the au-
thority having jurisdiction (AHJ) has the 
responsibility for making determination 
as to a location being considered a wet, 
damp, and dry locations. Definitions con-

tained in the Code provide excellent guidance for 
the AHJ to base this determination, but where the 
location is questionable, check with the local AHJ.

Careful attention must be paid to the proper 
installation and support of receptacles or lumi-
naires where they may be installed in an enclosure 
supplied by an underground conduit type wiring 
method. Attention to landscaping details helps 
ensure the receptacle outlet will not end up buried 
[NEC 314.23(F) or IRC E3906.8.5].

Just like with damp locations, all 15- and 
20-ampere, 125- and 250-volt nonlocking type 
receptacles installed in wet locations are required 
to be of the listed weather-resistant type.

In existing dwellings, weather-resistant recep-
tacles would need to be provided where replace-
ment receptacles are installed at receptacle outlets 
that are now required to be weather-resistant re-
ceptacles under today’s Code requirements [NEC 
406.4(D)(6)].

athtub and Shower Spaces
�e Code prohibits the installation of receptacles 
within or directly over a bathtub or shower space. 
�is bathtub or shower “space” is not defined by 
the Code and is subject to the interpretation of 
the AHJ. A bathtub or shower space can reason-
ably be interpreted to include the walls that form 

Figure 1 .2 . eceptacles are not permitted in bathtub or shower 
spaces

Photo 1 .20. Switches are permitted to be installed outside 
of a tub or shower space (as shown) but cannot be installed 
within the tub or shower space
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the bathtub or shower walls or the walls that are 
immediately adjacent to the bathtub or shower. 
Where a bathtub is installed in a freestanding 
location, the bathtub space may include the enclo-
sure that supports the bathtub. When a receptacle 
is located outside of the tub or shower space, there 
is no zone or reach distance from the tub or show-
er space beyond which receptacles must be located 
as there is with luminaires [NEC 406.9(C) or IRC 
E4002.11]. Periodically, some installers and AHJs 
will attempt to enforce the 900 mm (3 ft) by 2.5 m 
(8 ft) “zone” requirements that apply to luminaires 
to receptacle outlet placement as well. �is is go-
ing above the minimum requirements of the Code.

Switches
Many different types of switches are installed in 
one- and two-family dwellings. Switches such as 
the single-pole, 3-way, 4-way, double-pole, and 
enclosed knife switches in the fused and unfused 
types are just a few examples of switches installed 
in dwellings.

Where surface-mounted switches are installed 
in any damp or wet location, such as outside of a 
dwelling, a switch or circuit breaker is required to 
be enclosed in a weatherproof enclosure or cabi-
net. A flush-mounted switch or circuit breaker in 
a damp or wet location must be equipped with a 
weatherproof cover. Time switches, flashers, and 
similar devices are required to be of the enclosed 
type or must be mounted in cabinets or boxes or 
equipment enclosures. Energized parts are re-
quired to be protected by a barrier to prevent op-
erator exposure when making manual adjustments 
or switching [NEC 404.4 or IRC E4001.7]. 

Switches are not permitted to be installed with-
in tubs or shower spaces unless installed as part of 
a listed tub or shower assembly [NEC 404.4(C) or 
IRC E4001.7].

A single-throw knife switch must be connected 
so the switch blades are not energized when the 
switch is in the open “off ” position.

General-use and motor-circuit switches and 
circuit breakers, where mounted in an enclosure, 

must clearly indicate whether they are in the open 
“off ” or closed “on” position. Where these switch 
or circuit breaker handles are operated vertically 
rather than rotationally or horizontally, the “up” 
position of the handle must be in the “on” position 
(NEC 404.7 or IRC E4001.3).

Photo 1 .21. Typical single-pole switch (roc er-style) 
installed in a dwelling unit with means for grounding the 
switch and a metal switch plate

Photo 1 .22. Switch locations generally require the 
presence of a grounded circuit conductor for such de ices 
as an occupancy sensor  lighted dimmer  etc.
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All switches and circuit breakers that are used as 
switches must be located so they can be operated 
from a readily accessible place. All switches and 
circuit breakers must be installed so the center of 
the grip of their operating handles, when in their 
highest position, will not be more than 2.0 m (6 ft 
7 in.) above the surface of the floor or other work-
ing platform (NEC 404.8 or IRC E4001.6).

Multipole snap switches are not permitted to 
control more than a single circuit unless they are 
listed and marked for the use, or unless their volt-
age ratings are not less than the applied voltage of 
the connected circuits.

Snap switches are generally required to be ef-
fectively grounded by connection to an equipment 
grounding conductor. In addition, the snap switch 
must provide a means to ground a metal faceplate. 
�is means of grounding metal faceplates is re-
quired even if a nonmetallic faceplate is installed. 
�e intent of this requirement is to ensure proper 
grounding of a metal faceplate if at any time in 
the future, one is installed. �is requirement also 
applies to dimmer switches.

Snap switches are considered to be effectively 
grounded if either of the two following conditions 
are met:

1. �e switch is mounted with metal screws to 
a metal box or metal cover that is connected 
to an equipment grounding conductor or 
to a nonmetallic box that has an integral 
means for grounding devices. �is section 
does not mandate a self-grounding or au-
to-grounding type switch yoke. Certainly 
such a device could be used, if available, to 
meet the requirements of this section.

2. An equipment-grounding conductor is con-
nected to an equipment grounding termina-
tion of the snap switch [NEC 404.9(B) or 
IRC E4001.11.1].

Listed switch kits and listed switch assemblies 
constructed with nonmetallic yokes and equipped 
with nonmetallic faceplates are not required to be 
grounded. �ese switches are not designed for, and 

have no provisions for, attaching a metallic face-
plate to them. Snap switches with integral non-
metallic enclosures are also exempt for connecting 
to an EGC. �ese switches incorporate integral 
nonconductive (nonmetallic) faceplates and in-
herently cannot interchange faceplates, metal or 
otherwise.

All snap switches mounted in boxes shall have 
faceplates installed so as to completely cover the 
opening and seat against the finished surface. 
Where mounted in boxes that are set back of a 
wall surface a maximum of 6 mm (¼ in.) (NEC 
314.20 or IRC E3906.5 in noncombustible walls 
or ceilings), a flush-type snap switch is required 
to be installed so the extension plaster ears are 
seated against the wall surface. A flush-type snap 
switch mounted in a box that is flush with the wall 
surface, or projects therefrom, is required to be in-
stalled so the mounting yoke or strap of the switch 
is seated against the box. 

As stated earlier with mounting of receptacles, 
screws used for the purpose of attaching a snap 
switch to a box must be of the type provided with 
a listed snap switch, or they must be machine 
screws having 32 threads per inch or part of list-
ed assemblies or systems, in accordance with the 
manufacturer’s instructions. Again, this will elim-
inate the use of nonconforming screws such as 
drywall or wood screws from being used to mount 
snap switches to a box.

Metal enclosures used for switches or circuit 
breakers must be properly grounded. Where non-
metallic enclosures are used with metal-armored 
cables or metallic conduits, provision is required 
to be made for grounding continuity. 

CO/ALR Snap Switches: a snap switch that 
is rated at 20 amperes or less and directly con-
nected to aluminum conductors must be listed 
and marked CO/ALR [NEC 404.14(C) or IRC 
E4001.2].

rounded Circuit Conductors at 
Switch ocations
Where switches control lighting loads such as 
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luminaires, ceiling paddle fans, etc. and are sup-
plied by a general-purpose branch circuit that is 
grounded serving bathrooms, hallways, stairways, 
or rooms suitable for human habitation or occu-
pancy as defined in the applicable building code, 
the grounded circuit conductor (generally neutral 
conductor) for the controlled lighting circuit is 
generally required to be provided at the switch lo-
cation for the grounded conductor needs of elec-
tronic lighting control devices, such as occupan-
cy sensors. �e grounded conductor needs to be 
extended to any switch location as necessary and 
connected to the switching devices that requires 
line-to-neutral voltage to operate the electronics 
of the switch in the standby mode.

Where any of the following conditions exist, the 
grounded (neutral) conductor is permitted to be 
omitted from the switch enclosure:

(1) Conductors for switches controlling light-
ing loads enter the box through a raceway 
with that raceway large enough for all con-
tained conductors, including a grounded 
conductor

(2) Where the box enclosing the switch is ac-
cessible for the installation of an additional 
or replacement cable without removing 
finish materials

(3) Where snap switches with integral enclo-
sures identified for the use, having brack-
ets that securely fasten the device to walls 
or ceilings of conventional onsite frame 
construction, for use with nonmetal-
lic-sheathed cable

(4) Where a switch does not serve a habitable 
room (such as a closet)

(5) Where multiple switch locations control 
the same lighting load such that the entire 
floor area of the room or space is visible 
from the single or combined switch loca-
tions (this would include a room such as 
a dining room with two 3-way switches in 
the same room)

(6) Where lighting in the area is controlled by 
automatic means such as a motion sensor 

located in the ceiling or in the corner of 
a wall

(7) Where a switch controls a receptacle load

Many electronic lighting control devices, such 
as occupancy sensors, require a standby current to 
maintain a ready state of detection for the func-
tion of these devices. �is also allows immediate 
switching of the load to the “on” condition. �ese 
devices require standby current when they are in 
the “off ” state as well. �ese devices typically uti-
lize the grounded conductor for the standby cur-
rent flow. In some situations, such as where the 
grounded conductor is provided at the lighting 
outlet location, a grounded conductor is typically 
not provided in the switch box for switches con-
trolling lighting loads. When a snap switch is re-
placed with an occupancy sensor at a later date, 
installers have typically employed the equipment 
grounding conductor for the standby current of 
these control devices. �is is not a good practice 
due to the introduction of circulating current onto 
the equipment grounding conductor. Occupancy 
sensors are permitted by UL 773A to have a cur-
rent of up to 0.5 mA on the equipment grounding 
conductor. �is current flow at the load when the 
device is presumed to be off could create a po-
tential risk to installers. [NEC 404.2(C) or IRC 
E4001.15].

Product Safety Standard 
Information
It is recommended that the following electrical 
product safety guide card information and product 
safety standards be consulted for additional guid-
ance on the proper installation, operation and use 
of electrical equipment covered in this chapter. �e 
four-letter code in parentheses refers to the product 
category in the UL Guide Information for Electri-
cal Equipment Directory (Product Spec).

• Equipment for Use in Ordinary
• Locations (AALZ)
• Luminaires and Fittings (HYXT)
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• Fluorescent Lamp Type Luminaires 
(IEUT)

• Fluorescent Recessed Luminaires (IEVV)
• Incandescent Lamp Type Luminaires 

(IEYV)
• Incandescent Recessed Luminaires (IEZX)
• Metallic Outlet Boxes (QCIT)
• Nonmetallic Outlet Boxes (QCMZ)
• Receptacles (RTDV)
• Receptacles for Attachment Plugs and
• Plugs  (RTRT)
• Dimmers, General Use Switch (EOYX)

eferences
1National Electrical Code and NEC are registered trademarks of 

the National Fire Protection Association, Inc., Quincy, MA 02169. 

�is reprinted material is not the official position of the National Fire 

Protection Association, which is represented only by the standard in 

its entirety.

2Underwriters Laboratories Inc. (UL), Northbrook, IL. Guide 

Information for Electrical Equipment – UL Product Spec 2017 

unless indicated otherwise.

3International Residential Code for One- and Two-Family 

Dwellings (2018). Copyright © International Code Council, Inc., 

February 2017.
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Questions
1. Conductors with an insulation rating of 90ºC 

are required for branch-circuit wiring within the 
ballast compartment of fluorescent luminaires 
where located within what distance of a ballast?

A. 38 mm (1-½ in.)
B. 50 mm (2 in.)
C. 65 mm (2-½ in.)
D. 75 mm (3 in.)

2. A splice or tap is permitted to be located 
within an arm or stem of a luminaire.

True _____ False _____

3. Luminaires installed outdoors under canopies, 
marquees, and roofed open porches are typically 
considered to be located in a ______ location.

A. wet
B. damp
C. dry
D. corrosive

4. No parts of a pendant, lighting track, ceil-
ing-suspended paddle fan, or hanging-type lumi-
naire can be located within a zone _____________ 
horizontally and ____________ vertically from 
the top of a bathtub rim.

A. 300 mm – 1.8 m (1 ft – 6 ft)
B. 450 mm – 2.1 m (1.5 ft – 7 ft)
C. 600 mm – 2.5 m (2 ft – 8 ft)
D. 900 mm – 2.5 m (3 ft – 8 ft)

5. Receptacle outlets are not permitted to be 
located within 900 mm (3 ft) of the bathtub or 
shower space.

True _____ False _____

6. Indoor installations of electric-discharge flu-
orescent luminaires of 1000 volts or less, other 
than those with a simple reactance type ballast, 
must or may:

A. contain thermal protection integral 
 within the ballasts
B. contain ballasts which are not integrally   

 protected
C. be cord-connected by Type TP cord
D. have a 60°C branch-circuit conductor 
 within 75 mm (3 in.) of a ballast

7. A flush-type receptacle outlet installed out-
doors in a wet or damp location on a wall surface 
is required to be installed:

A. at least 300 mm (12 in.) from grade level
B. so a watertight connection is made 
 between the wall and the cover plate
C. with a raintight fitting connected to 
 a raceway
D. with a nonmetallic cover plate

8. All 125-volt, 15- and 20-ampere receptacles 
in dwelling unit bedrooms, living rooms, and 
bathrooms are required to be listed tamper-resis-
tant receptacles.

True _____ False _____

9. Luminaires with exposed metal parts are re-
quired to be provided with a means for connecting 
an/a _________  __________ __________ for 
such luminaires.

A. main bonding jumper
B. grounded (neutral) conduct
C. grounding electrode conductor
D. equipment grounding conductor
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10. A clearance of what distance is required for 
the recessed portion of a recessed incandescent 
luminaire not marked Type IC from thermal in-
sulation?

A. 75 mm (3 in.)
B. 100 mm (4 in.)
C. 125 mm (5 in.)
D. 150 mm (6 in.)

11. �e grounded (neutral) conductor must be 
connected to the screw shell of a lampholder.

True ______ False ______

12. A luminaire that weighs more than _____ 
lbs. must be supported independently of the outlet 
box unless the outlet box is listed and marked for 
the maximum weight to be supported.

A. 6
B. 25
C. 30
D. 50

13. A receptacle outlet grounding terminal is to 
be used for grounding purposes only.

True ______ False ______

14. All 15- and 20-ampere, 125- and 250-
volt nonlocking receptacles installed in damp 
or wet locations are required to be of the listed 
_______________ type.

A. weatherproof
B. weather-resistant
C. tamperproof
D. rain-resistant

15. Unless identified as being suitable for insula-
tion to be in contact with the luminaire, a recessed 
incandescent luminaire must have a clearance 
from the luminaire to combustible material by at 
least what distance?

A. 6 mm (¼ in.)
B. 13 mm (½ in.)
C. 16 mm ( ⅝ in.)
D. 25 mm (1  in.)

16. A surface-mounted or recessed incandescent 
type luminaire that is installed in a clothes closet 
must have all lamp(s) of the completely enclosed 
type.

True _____ False _____

17. Where switches control lighting loads such 
as luminaires, ceiling paddle fans, etc. and are sup-
plied by a general-purpose branch circuit that is 
grounded, the grounded circuit conductor for the 
controlled lighting circuit is required to be provid-
ed at which of the following switch locations:

A. Where conductors enter the box 
 enclosing the switch through a raceway, 
 provided that the raceway is large enough 
 for all contained conductors, including a 
 grounded conductor
B. Where the box enclosing the switch is 
 accessible for the installation of an 
 additional or replacement cable without 
 removing finish materials
C. All switch locations other than described
  in A and B
D. All switch locations other than described
  in A
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18.  In existing dwellings, weather-resistant re-
ceptacles are required where replacement recepta-
cles are installed at receptacle outlets that are now 
required to be weather-resistant receptacles under 
today’s Code requirements.

True _____ False _____

19.  Luminaires that are not permitted to be in-
stalled in a clothes closet include:

A. incandescent luminaire with open 
(exposed) or partially enclosed lamps

B.  pendant luminaires
C.  lampholders
D.  All of the above

20.  Luminaires directly wired or attached to 
outlets supplied by a wiring method that does not 
provide a ready means for grounding attachment 
to an equipment grounding conductor shall be:

A.   a luminaire that is not permitted
B.   connected to an equipment grounding   

 conductor that is required to be installed
C.   made of an insulating material with no 

exposed conductive parts
D.   a nonmetallic lampholder only

21.  Which of the following methods is not 
permitted for securing luminaires to the ceil-
ing-framing members of suspended ceilings?

A.   rivets
B.   screws
C.   listed clips identified for use with both 

the ceiling framing members and 
luminaire type

D.   general-purpose “earthquake” clips

22.  Which of the following statements con-
cerning track lighting is NOT true?

A.   Lighting track shall be permanently 
installed and connected to a branch 
circuit

B.   Only lighting track fittings shall be 
installed on lighting track

C.   Lighting track can be installed in a wet 
or damp location

D.   Lighting track fittings shall not 
be equipped with general-purpose 
receptacles

23.  Lighting track may be installed where the 
track is extended through a wall or partition.

True _____ False _____

24.  Screws used for the purpose of attaching a 
snap switch to a box must be of the type provided 
with a listed snap switch, or they must be machine 
screws having ___________ threads per inch or 
part of listed assemblies or systems, in accordance 
with the manufacturer’s instructions.

A.  24
B.   28
C.   16
D.   32

25.  A general term for a complete subassembly 
of parts and devices for field conversion of utiliza-
tion equipment best describes:

A.   a listed luminaire
B.   a retrofit kit
C.   a listed equipment power-panel
D.   a luminaire dimming panel
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26.  �e two basic types of recessed luminaires 
are Type IC and Type Non-IC rated.

True _____ False _____

27.  LEDs use heat sinks to absorb the heat pro-
duced by the LED and dissipate it into the sur-
rounding environment.

A. True
B. False

28.  Other listed products, enclosures, or assem-
blies providing weatherproof protection that do 
not utilize an outlet box hood need not be marked 
with __________. 

A. damp duty
B.   extra duty
C.   wet duty
D.   weather duty

29.  Switches are not permitted to be installed 
within tubs or shower spaces unless installed as 
part of a listed tub or shower assembly.

True _____ False _____
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NEC Article 680 covers construction of 
and electrical wiring and equipment 
associated with installations such as 

swimming pools, hot tubs, spas, fountains, and 
hydromassage bathtubs. �is chapter will focus 
on these aquatic environments associated with 
dwelling units. �e NEC generally refers to these 
types of installations as a body of water. Because 
this term is also used elsewhere in the Code, it is 
important to note that NEC Article 682 also cov-
ers bodies of water, but of a different type, such as 
aeration ponds, fish farm ponds, storm retention 
basins, sewage treatment ponds, irrigation chan-
nels or ponds, and the like. Look in the scope of 

Chapter 14

Swimming Pools and 
Other Similar Installations

the articles to ascertain what installations are cov-
ered in each article. �e IRC covers permanently 
installed pools, storable pools, spas and hot tubs, 
and hydromassage tubs. �e IRC does not address 
fountains, therapeutic tubs, or electrically powered 
pool lifts.

NEC Article 680, Part I, General Requirements, 
applies to all bodies of water covered by Parts I 
through VI of the eight parts of the article, unless 
otherwise amended. Part VII for Hydromassage 
Bathtubs and Part VIII for Electrically Powered 
Pool Lifts are  stand-alone parts of NEC Article 
680. Other parts of the article cover installations 
such as spas, hot tubs, fountains and yet refer to 
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the requirements in Part I. �e rules of Part 
I must be applied and are not limited to just 
swimming pools.

It is important to understand the organi-
zation and arrangement of the NEC to apply 
properly its requirements. An overview of 
the organization of Article 680 in the NEC 
is provided as follows:

NEC Article 680 Arrangement
Article 680 is divided into several parts, 
namely Part I through Part VIII. Table 14.1 iden-
tifies the specific body of water covered by each 
part of NEC Article 680.

Part I contains general requirements and applies 
to all equipment and installations covered in the 
article (except for Part VII and Part VIII). 

Part II provides rules that are specific to perma-
nently installed pools. Other parts of the article 
cover the equipment or installations identified in 
the title of the part and do not necessarily apply to 
all equipment included within the article. For ex-
ample, the rules in Part II for equipotential bond-
ing for permanently installed pools do not apply 
to the wiring associated with a storable pool (Part 
III) or hydromassage bathtubs, covered in Part 
VII. Specific bonding requirements are provided 
for that particular body of water. NEC 680.70 
clearly indicates that hydromassage bathtubs are 
to comply with Part VII only. Part VII is a stand-
alone part in NEC Article 680.

Part III provides rules that are specific to storable 
pools, storable spas, and storable hot tubs. Storable 
pools, spas, and hot tubs are subject to Part I and 
Part III of Article 680 (NEC 680.30). As an exam-
ple, NEC 680.22(A)(1) or IRC E4203.1.2 requires 
at least one 125-volt, 15- or 20-ampere receptacle 
to be installed and located not less than 1.83 m (6 
ft) from, and not more than 6.0 m (20 ft) from, the 
inside wall of a permanently installed pool. Notice 
that this requirement is located in Part II of NEC 
Article 680. �is required receptacle outlet would 
not be required for a storable pool that must com-
ply with Parts I and III of NEC Article 680.

�e title of Part IV is Spas and Hot Tubs. 
NEC Section 680.40 indicates that spas or hot 
tubs are required to comply with the rules of 
Parts I and IV. Part IV is subdivided to pro-
vide requirements for outdoor installations 
in 680.42, and indoor installations in 680.43. 
Outdoor installations must comply with Parts 
I and II (Permanently Installed Pools) except 
as permitted in 680.42(A) or 680.42(B). Indoor 
installations of spas and hot tubs must follow 
Parts I and II, except where Part IV modifies 
the more general requirements. Section 680.43 
also generally permits indoor units to be con-
nected with NEC Chapter 3 wiring methods. 
As we will see, the requirements of Part IV are 
slightly different from the rules for permanently 
installed swimming pools in Part II and stor-
able pools in Part III. Keep this differentiation 
in mind as we review several of the grounding 
and bonding requirements that apply to each of 
these particular situations and equipment. Basi-
cally, the requirements in Part II apply equally 
to permanently installed pools, spas, and hot 
tubs that are installed outdoors.

Part V of NEC Article 680 includes the rules 
for fountains. Permanent fountains installed at 
dwelling units must meet the requirements of 
both Parts I and V. Part V does not cover self-con-
tained portable fountains. Portable fountains must 
be installed to meet the requirements of Parts II 
and III of Article 422, Appliances. See Chapter 
7 of this book for additional information on ap-
pliances.

Table 14.1 Arrangement of NEC Article 680
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Part VI of NEC Article 680 relates to therapeu-
tic tubs and pools. �ese type of tubs and pools 
must comply with the provisions of Part I and 
Part VI of NEC Article 680. �ese type of tubs 
and pools are typically used for therapeutic use in 
health care facilities, gymnasiums, athletic train-
ing rooms, and similar areas and are not typically 
found in dwelling units. Portable therapeutic ap-
pliances have to comply with Parts II and III of 
NEC Article 422.

Part VII of NEC Article 680 covers the require-
ments of hydromassage bathtubs. NEC 680.70 
gives direction for hydromassage bathtubs to com-
ply with Part VII of NEC Article 680. As stated 
previously, these tubs do not have to comply with 
other parts of NEC Article 680.

Part VIII of NEC Article 680 establishes Code 
rules for electrically powered pool lifts. Electrical-
ly powered pool lifts are an electrically powered 
lift that provides accessibility to and from a pool 
or spa for people with disabilities. �e electrical 
requirements of these devices must comply with 
Part VIII of NEC Article 680 and are not required 
to comply with other parts of this article. Part VIII 
and electrically powered pool lifts are new to the 
NEC for the 2017 edition of the NEC.

IRC Chapter 42 Arrangement
Requirements contained in the IRC for swim-
ming pools and similar installations are typical 
of those contained in the NEC with, once again, 

a difference in numbering. Rules for these 
installations and this type of equipment are 
provided in IRC Chapter 42, Swimming 
Pools. �e scope of Chapter 42 indicates the 
installations and equipment covered; this 
scope is similar to that of NEC Article 680, 
from which the rules were derived. Keep in 
mind that electrical systems, equipment, or 
components not specifically addressed in the 
chapters of the IRC must default to the ap-
plicable requirements of the NEC as indicat-
ed in IRC E3401.2.

Chapter 42 is divided into several sections, 
namely Sections E4201 through E4209. �e fol-
lowing table identifies the general requirements and 
the specific body of water covered by each section.

Application of Other Articles
Wiring or equipment in or adjacent to pools and 
fountains shall comply with other applicable provi-
sions of the Code, except as modified by NEC Arti-
cle 680. An example of this is other requirement in 
NEC 411.4(B) that applies to low-voltage lighting 
systems installed around pools. Such systems are 
prohibited from being installed within 3.0 m (10 
ft) of pools, spas, hot tubs, and fountains unless 
specifically permitted by Article 680. Article 680 
permits certain types of listed low-voltage contact 
limit lighting to be used in the walls of the pool, spa 
or hot tub, or installed in fountains. NEC 680.22(B)
(6) gives permission to use typical low-voltage yard 
lighting located less than 1.5 m (5 ft) from the in-
side walls of the pool, spa, or hot tub.

Applicable Definitions
Several definitions unique to swimming pools, spas, 
hot tubs and other equipment are found in NEC 
Article 680 and IRC Chapter 42. �ere are twen-
ty-four (24) definitions found at NEC 680.2 and 
seventeen (17) definitions located at IRC E4201.2 
used exclusively to these aquatic environments. �e 
definitions contained in the Code that precede the 
actual Code requirements can assist users with prop-

Table 1 .2.  Specific Parts of I C Chapter 2
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er application of the appropriate rule to these types 
of installations and equipment. For example, stor-
able swimming pool(s) is defined as a swimming 
pool  that is “intended to be stored when not in 
use, constructed on or above the ground and are 
capable of holding water to a maximum depth of 
1.0 m (42 in.), or a pool, spa, or hot tub constructed 
on or above the ground, with nonmetallic, molded 
polymeric walls or inflatable fabric walls regardless 
of dimension.” �ose storable pools that meet the 
criteria specified in the definition would be required 
to comply with Part III of NEC Article 680 or IRC 
Section E4207. If the pool in question was con-
structed above the ground and one having a depth 
greater than 1.0 m (42 in.), it would no longer 
qualify for applying the requirements of Part III of 
NEC Article 680 or IRC Section E4207, and the 
general requirements of Part II of NEC Article 680 
and IRC E4201 through E4206 for a permanently 
installed swimming pool would be applicable.

For the complete listing of definitions of words 
and terms used in the Code, refer to NEC 680.2 or 
IRC Section E4201.2. Here are a few definitions 
contained in both the NEC and the IRC that will 
assist readers in understanding many of the re-
quirements reviewed in this chapter. �ey include 
the following terms:

Dry-niche Luminaire. “A luminaire intended 
for installation in the floor or wall of a pool, spa, 
or fountain in a niche that is sealed against the 
entry of water.”

No-niche Luminaire. “A luminaire intended for 
installation above or below the water without a 
niche.”

Wet-Niche Luminaire. “A luminaire intended 
for installation in a forming shell mounted in a 
pool or fountain structure where the fixture will be 
completely surrounded by water.”

Fixed (as applied to equipment). “Equipment 
that is fastened or otherwise secured at a specific 
location.”

Portable (as applied to equipment). “Equipment 
that is actually moved or can easily be moved from 
one place to another in normal use.”

Stationary (as applied to equipment). “Equip-

ment that is not easily moved from one place to 
another in normal use.”

Forming Shell. “A structure designed to support 
a wet-niche luminaire assembly and intended for 
mounting in a pool or fountain structure.”

Fountain. “Fountains, ornamental pools, display 
pools, and reflection pools. �e definition does not 
include drinking fountains.”

Hydromassage Bathtub. “A permanently in-
stalled bathtub equipped with a recirculation pip-
ing system, pump, and associated equipment. It is 
designed so it can accept, circulate, and discharge 
water upon each use.”

Low Voltage Contact Limit. “A voltage not ex-
ceeding the following values:

(1) 15 volts (RMS) for sinusoidal ac
(2) 21.2 volts peak for nonsinusoidal ac
(3) 30 volts for continuous dc
(4) 12.4 volts peak for dc that is interrupted at 
        a rate of 10 to 200 Hz”
Maximum Water Level. “�e highest level that 

water can reach before it spills out.”
Packaged Spa or Hot Tub Equipment Assembly. 

“A factory-fabricated unit consisting of water-cir-
culating, heating, and control equipment mounted 
on a common base, intended to operate a spa or 
hot tub. Equipment may include pumps, air blow-
ers, heaters, lights, controls, sanitizer generators, 
and so forth.”

Permanently Installed Decorative Fountains 
and Reflection Pools. “�ose that are constructed 
in the ground, on the ground, or in a building in 
such a manner that the fountain cannot be readily 
disassembled for storage, whether or not served 
by electrical circuits of any nature. �ese units are 
primarily constructed for their aesthetic value and 
are not intended for swimming or wading.”

Permanently Installed Swimming, Wading, 
Immersion, and �erapeutic Pools. “�ose that 
are constructed in the ground or partially in the 
ground, and all others capable of holding water in 
a depth greater than 1.0 m (42 in.), and all pools 
installed inside of a building, regardless of water 
depth, whether or not served by electrical circuits 
of any nature.”
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Pool. “Manufactured or field-constructed equip-
ment designed to contain water on a permanent 
or semipermanent basis and used for swimming, 
wading, immersion, or therapeutic purposes.”

Pool Cover, Electrically Operated. “Motor-driv-
en equipment designed to cover and uncover the 
water surface of a pool by means of a flexible sheet 
or rigid frame.”

Self-Contained Spa or Hot Tub. “Factory-fabri-
cated unit consisting of a spa or hot tub vessel with 
all water-circulating, heating, and control equip-
ment integral to the unit. Equipment can include 
pumps, air blowers, heaters, lights, controls, sani-
tizer generators, and so forth.”

Spa or Hot Tub. “A hydromassage pool, or tub for 
recreational or therapeutic use, not located in health 
care facilities, designed for immersion of users, and 
usually having a filter, heater, and motor-driven 
blower. It may be installed indoors or outdoors, 
on the ground or supporting structure, or in the 
ground or supporting structure. Generally, a spa or 
hot tub is not designed or intended to have its con-
tents drained or discharged after each use.”

Storable Swimming, Wading, or Immersion Pool; 
or Storable/Portable Spas and Hot Tubs. “Swim-
ming, wading, or immersion pools that are intend-
ed to be stored when not in use, constructed on 
or above the ground and are capable of holding 
water to a maximum depth of 1.0 m (42 in.), or a 
pool, spa, or hot tub constructed on or above the 
ground, with nonmetallic, molded polymeric walls 
or inflatable fabric walls regardless of dimension.

�rough-Wall Lighting Assembly. “A lighting 
assembly intended for installation above grade, on 
or through the wall of a pool, consisting of two 
interconnected groups of components separated 
by the pool wall.”

Ground-Fault Circuit-Interrupter 
Types
GFCI protection is required for several different 
types of circuits and equipment associated with 
bodies of water such as pools, spas, hot tubs and 
hydromassage bathtubs.

A ground-fault circuit interrupter may be a 
self-contained unit, circuit breaker or receptacle 
type, or other listed type. For a dwelling unit, a 
ground-fault circuit interrupter is a device whose 
function is to interrupt the electric circuit to the 
load when a fault current to ground exceeds those 
values established for a Class A GFCI device. 
�ere are several classes of ground-fault circuit 
interrupters (Class A, C, D, and E) and each class 
has a distinct interruption function. �e most 

Photo 1 .1. FCI de ice in the form of a circuit-brea er type

Photo 1 .2. FCI de ice in the form of a receptacle outlet 
type
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common class of GFCI device is a Class A GFCI 
device. When referring to a dwelling unit, the type 
of GFCI device will always be a Class A (4 to 6 
mA) GFCI device.

Class A GFCI Device
A ground-fault circuit interrupter is to be used 

only in a circuit that has a solidly grounded (neu-
tral) conductor. A Class A ground-fault circuit 
interrupter trips when the current to ground has 
a value in the range of 4 through 6 milliamperes, 
and is suitable for use in branch circuits and feeder 

circuits, including swimming pool cir-
cuits. Swimming pool circuits that were 
installed before local adoption of NEC-
1965 may include sufficient leakage 
current to cause a Class A ground-fault 
circuit interrupter to trip. As a result, 
product safety standards require a Class 
A device to be marked: “To minimize 
false tripping do not connect to swim-
ming-pool equipment installed before 
adoption of the 1965 National Electrical 
Code.” All GFCI devices associated with 
dwelling units, swimming pools and 
similar installations are required to be of 
the Class A type. For further informa-
tion, see UL 943, Standard for Ground-
Fault Circuit Interrupters.”

Other Classes of GFCI Devices
Class C, D, and E GFCIs trip at 

20 mA rather than the 4 to 6 mA trip 
current mandated for Class A GFCI 
device. �is increase in GFCI trip lev-
el is allowed by UL 943 assuming the 
availability of a reliable grounding path 
in parallel with the body. During a fault, 
the equipment grounding conductor 
will shunt the fault current around the 
body and cause the device to trip. �is 
provides the “let-go” protection, while 
the 20 mA threshold provides protec-

tion against fibrillation. If there is no equipment 
grounding conductor path, such as in two-wire 
household products, then the GFCI device must 
provide both let-go and fibrillation protection, 
and a Class A device is required.

GFCI Requirements for Swimming 
Pools
�e Code contains several specific requirements 
relative to ground-fault circuit interrupters for 
swimming pools. Any conductors installed on the 
load side of a ground-fault circuit interrupter used 

Figure 14.1. GFCI principles of operation

Figure 14.2. GFCI conductors in enclosures with other non-GFCI 
protected conductors
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to provide protection for underwater luminaires 
are generally not permitted to occupy raceways, 
boxes or enclosures containing other (non-GFCI 
protected) conductors, even if the other conduc-
tors are for pool-related equipment such as for a 
pool pump motor.

Four specific alternatives to this general rule 
are provided in the Code and the conditions are 
as follows:

1. Ground-fault circuit interrupters are per-
mitted in a panelboard that contains circuits 
protected by other than ground-fault circuit 
interrupters.

2. Supply conductors to a feed-through-type 

ground-fault circuit interrupter are permit-
ted in the same enclosure.

3. Conductors on the load side of a ground-
fault circuit interrupter are permitted to 
occupy raceways, boxes, or enclosures 
containing only conductors protected by 
ground-fault circuit interrupters.

4. Equipment grounding conductors are per-
mitted in the same raceway, box or enclosure.

It is clear that conductors that supply pool 
equipment, such as pool heaters that do not have 
GFCI protection, cannot be installed in the same 
conduits and junction and pull boxes with con-
ductors having GFCI protection that supply un-

Table 1 .  pro ides a collection of the FCI requirements for pools  spas  hot tubs  fountains and hydromassage bathtubs 
found in both the IRC and the NEC.
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derwater luminaires [NEC 680.23(F)(3) 
or IRC E4206.3].

It should be noted that the GFCI 
requirements for permanently installed 
pool pump motors have changed quite 
a few times over the last few Code cycles. 
Today, all outlets supplying pool pump 
motors rated 120-volt through 240-volt, 
single-phase, whether by receptacle or 
direct connection, are required to be pro-
vided with ground-fault circuit-inter-
rupter protection for personnel. �ere is 
no minimum or maximum ampere rating 
associated with this GFCI requirement 
[NEC 680.21(C) or IRC E4203.1.4].

Grounding Requirements
Electrical equipment associated with 
bodies of water such pools, spas, hot tubs 
and hydromassage bathtubs must be 
grounded as well as bonded. Grounding 
and bonding serve two different func-
tions. Bonding serves to equalize voltage 
potential in or around the swimming 
pool or outdoor hot tub or spa to keep all 
metal components at the same voltage 
potential so a person in contact with two 
different metal components at different 
potentials won’t serve as the conductive 
path to equal out that voltage difference. 
Subsequently, the equipment grounding 
conductor serves to provide a reference 
to ground for metal parts and equipment 
and also provides a low-impedance path for fault 
current to return to the source and facilitate over-
current device operation in clearing a fault.

�e following equipment is required to be spe-
cifically grounded:

1. �rough-wall lighting assemblies and 
underwater luminaires, other than those 
low-voltage lighting products listed for the 
purpose without a grounding conductor;

2. All electric equipment located within 1.5 m 

(5 ft) of the inside wall of the specified body 
of water;

3. All electric equipment associated with the 
recirculation system of the specified body of 
water;

4. All metal junction boxes, transformer and 
power supply enclosures, and ground-fault 
circuit interrupters; and

5. Panelboards that are not part of the ser-
vice equipment and that supply any electric 
equipment associated with the specified body 

Figure 14.3. GFCI protection is required for both cord-connected or 
hard-wired pump motors

Figure 1 . . rounding and bonding terminals must be identified for a 
wet and corrosi e en ironment and listed for direct burial
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of water (NEC 680.6 and IRC E4205.1).

Terminals used for grounding and bonding 
must be identified for use in wet and corrosive 
environments such as those found in and around 
swimming pool environments and shall be listed 
for direct burial use. Field-installed grounding 
and bonding connections and terminals used in 
a damp, wet, or corrosive environment are to be 
made of copper, copper alloy, or stainless steel ma-
terials (NEC 680.7 and IRC E4205.9).

Later on in this chapter, we will take a close 

look at specific bonding requirements 
for swimming pools, spas and hot tubs.

Cord- and Plug-Connected 
Equipment
Fixed or stationary equipment (other 
than underwater luminaires) for per-
manently installed pools are permitted 
to be connected to the electrical supply 
by flexible cord- and plug-connection 
to allow for removal or disconnection 
during maintenance or repair operations. 
Underwater luminaires for permanently 
installed pools are permitted to be sup-
plied by a flexible cord, but cannot be 
cord- and plug-connected. For other 
than storable pools, the length of a flex-
ible cord in this application is limited to 
900 mm (3 ft).

Flexible cords used with equipment are 
required to contain a copper equipment 
grounding conductor sized based on the 
rating of the overcurrent device but not 
smaller than a 12 AWG, and must ter-
minate in a grounding-type attachment 
plug. Note that this rule is specific. Only 
copper equipment grounding conduc-
tors are permitted. �ese equipment 
grounding conductors are to be connect-
ed to a fixed metal part of the assembly. 
If connected to a removable part, these 
removable parts must be mounted on or 

bonded to a fixed metal part [NEC 680.8(A), (B), 
and (C) and IRC E4202.3].

erhead Conductor Clearances 
for Pools  etc.
Conductors that run over outdoor bodies of water 
such as pools, spas, and hot tubs shall meet the 
clearance requirements specified in NEC Table 
680.9(A) or IRC Table E4203.6 and illustrat-
ed in NEC Figure 680.9(A). Where a minimum 
clearance from the water level is specified, the 

Figure 1 .5. erhead clearances measured from maximum water 
le el

Figure 1 .6. erhead conductor clearances around pools
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measurement is taken from the maxi-
mum water level of the specified body 
of water, which is typically the deck, not 
the normal water level. �ese clearances 
apply to existing service-drop conduc-
tors or any other open overhead wiring. 
Such wiring must meet be the minimum 
distance specified from Table 680.9(A): 
Row (A), clearance in any direction to 
the water level, edge of water surface at 
pools and similar installations and the 
entire area that extends 3.0 m (10 ft) 
horizontally from the inside of the walls 
of the pool and similar installations; 
Row (B), clearance in any direction to 
diving structure or observation stands; 
or Row (C), horizontal clearances mea-
sured from inside wall of the pool or 
similar installations (NEC 680.9(A), 
Table 680.9(A), Figure 680.9(A) or IRC 
E4203.6, Table E4203.6).

NEC Table 680.9(A) and IRC Ta-
ble E4103.6 are similar and provide 
the required minimum clearances from 
portions of swimming pools and similar 
installations and adjacent structures for 
various types of conductors and different 
voltages.

Communication conductors, com-
munity antenna systems, and radio and 
television coaxial cables complying with 
NEC Articles 800 through 820, and their sup-
porting messengers are permitted to be installed 
at a height of at least 3.0 m (10 ft) or more above 
swimming and wading pools, diving structures 
and observation stands, towers or platforms [NEC 
680.9(B) or IRC E4203.6].

A network-powered broadband communication 
cable is treated as a power cable as far as overhead 
clearances are concerned. �e minimum clearanc-
es required for network-powered broadband com-
munication systems conductors is not permitted to 
be less than 4.4 m (14.5 ft) from any observation 
stand, tower, or diving platform and not less than 
6.9 m (22.5 ft) from the water level, edge of the 

Figure 1 .7. erhead conductor clearances for communication cables

Figure 1 . . erhead conductor clearances for P C cable

Table 1 . . erhead conductor clearances C Table 
680.9(A) (in part)] 
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water surface, base of a diving platform, or perma-
nently anchored raft as indicated in the applicable 
table heights under the 0–750 volts column [NEC 
680.9(C), Table 680.9(A), IRC E4203.6 and Ta-
ble E4203.6].

Underground Wiring Depths and 
Locations
�e requirements for wiring installed under-
ground around swimming pools was revised for 
the 2017 NEC and the 2018 IRC. �ese revisions 
clarify that the wiring methods underground near 
pools must be installed in a manner to withstand 
the conditions unique to the pool environment. 
Identified wiring methods in these underground 
areas around pools are rigid metal conduit, inter-
mediate metal conduit, rigid polyvinyl chloride 
conduit, reinforced thermosetting resin conduit, 
or Type MC cable, suitable for the conditions 
subject to the location.

Underground wiring is now permitted to be in-
stalled in close proximity of the pool regardless of 
its location to the pool and no consideration needs 
to be given as to whether this wiring is “necessary 
to supply pool equipment” as previous Code text 
required. �e minimum burial depth cover re-
quirements will now be facilitated by NEC Table 
300.5 or IRC Table E3803.1 as previous NEC Ta-
ble 680.10 and IRC Table E4203.7 for minimum 

cover depths around pools has been deleted.
Underground wiring is not generally permitted 

to be installed under a pool unless this wiring is 
necessary to supply pool equipment permitted 
by NEC Article 680 or IRC Chapter 42 [NEC 
680.11 and IRC E4203.7].

lectric Pool ater eaters
Pool water heating elements are required to be 
subdivided into loads not exceeding 48 amperes. 
�is is a requirement for manufacturers of electric 
pool water heaters. Overcurrent protection must 
not be rated at more than 60 amperes.

�e branch-circuit conductor ampacity and the 
rating or setting of the overcurrent protective de-
vices cannot be less than 125 percent of the total 
load that is included on the water heater name-
plate (NEC 680.10 or IRC E4206.12).

GFCI protection is not required for electric 
water heater installations as the risk of electric 
shock is considered adequately mitigated through 
the use of proper grounding provisions [see NEC 
680.6(3) or IRC E4205.1.3] and the listing instal-
lation requirement for the use of current collectors 
on the input and output side of the electric heater. 
�ese current collectors have proven reliable to 
prevent unacceptable levels of current in the pool 
in the event of corrosion of the immersed heating 
elements of an electric pool heater.

Photo 1 . . as-fired pool water heaters generally require 
GFCI protection

Photo 1 . . nderground wiring around pools required to 
comply with NEC Table 300.5
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as-Fired ater eaters
Branch circuits or feeders that serve gas-fired 
swimming pool and spa water heaters that will 
operate at voltages above the low-voltage contact 
limit are required to be provided with ground-
fault circuit-interrupter protection for personnel. 
GFCI protection for personnel is not required di-
rectly for electric water heater installations as the 
risk of electric shock is considered adequately mit-
igated through the use of proper grounding provi-
sions [see NEC 680.6(3) or IRC E4205.1(3)] and 
the listing installation requirement for the use of 
current collectors on the input and output side of 
the heater. �ese current collectors have proven 
reliable to prevent unacceptable levels of current in 
the pool in the event of corrosion of the immersed 
heating elements of an electric pool heater. How-
ever, these current collectors are not present with a 
gas-fired swimming pool heater. �e typical 125-
volt branch circuit to a gas-fired water heater is 
susceptible to a loss of current and a ground-fault 
condition as much as any other piece of electrical 
equipment (NEC 680.28)

Some in the electrical industry and some en-
forcers of the Code have relied on the require-
ments of NEC 680.22(A)(2) or IRC E4203.1.1 
to enforce GFCI protection for receptacle outlets 
that provide power to pool heaters of permanently 
installed pools. �is particular provision required 

GFCI protection for “receptacles that provide 
power for water-pump motors or for other loads 
directly related to the circulation and sanitation 
system.” �e argument being that a pool heater 
would fall into this category of “other loads direct-
ly related to the circulation and sanitation system.”

quipment ooms and Pits
If a room or pit is provided where electric equip-
ment for pools and similar items is installed, that 
area must be provided with adequate drainage to 
prevent any water accumulation during normal 
pool equipment operation or filter maintenance 
procedures as described in NEC 680.12. Pool 
equipment installed in designated equipment 
rooms or pits must be suitable for that type of 
an environment in accordance with NEC 300.6, 
which deals with protection against corrosion 
and deterioration. Chemicals such as chlorine can 
cause severe corrosive and deteriorating effects on 
electrical connections, equipment, and enclosures 
when stored and kept in the same vicinity. Ade-
quate ventilation of indoor spaces such as equip-
ment and storage rooms can reduce the likelihood 
of the accumulation of corrosive vapors. While 
indoor pool equipment rooms are uncommon for 
dwelling units, they can be found in larger dwell-
ing units.

Corrosi e n ironments
Swimming pool and spa equipment are often sub-
ject to deteriorating chemicals such as chlorine, es-
pecially in rooms or pits. �e equipment and wiring 
methods in these locations are subject to failure due 
to this exposure to these corrosive chemicals. Chlo-
rine and other pool chemicals severely deteriorate 
electrical connections of conductors and accelerate 
rust and deterioration of metal parts of electrical 
pool equipment. �ese chemicals are often stored, 
mixed and dispensed in the same room or area as 
the electrical equipment.

�e new provisions of NEC 680.14 and IRC 
E4202.2 identify areas where pool sanitation 

Photo 1 .5. Chlorine and other pool chemicals can se erely 
deteriorate electrical equipment (Photo courtesy of Da id 
Williams of Michigan)
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chemicals are stored, as well as areas with 
circulation pumps, automatic chlorina-
tors, filters, open areas under decks adja-
cent to or abutting the pool structure, and 
similar locations as being considered to be 
a corrosive environment. �e air in such 
areas is also considered to be laden with 
acid, chlorine, and bromine vapors, or any 
combination of acid, chlorine, or bromine 
vapors. �e wiring methods in these cor-
rosive areas are required to be listed and 
identified for use in such areas. Rigid 
metal conduit, intermediate metal con-
duit, rigid polyvinyl chloride conduit, and 
reinforced thermosetting resin conduit 
are wiring methods that are considered to 
be resistant to the corrosive environment specified 
in NEC 680.14(A) and IRC E4202.2. IRC Table 
E4202.1 contains permitted wiring methods for 
corrosive environments along with locations and 
purposes for said wiring methods.

Maintenance Disconnecting 
Means
One or more disconnect switches or other means 
are required to simultaneously disconnect utiliza-
tion equipment associated with bodies of water 
such as pools, spas, hot tubs, fountains, and hydro-
massage bathtubs. �is requirement does not apply 
to luminaires. �e disconnecting means for each 
piece of equipment must disconnect all unground-
ed (hot) conductors. Each disconnecting means is 
required to be readily accessible, and it must be 
located within sight from the equipment it serves. 
�is disconnect is installed to be used by individu-
als servicing the equipment. Service personnel may 
not have ready access to the branch-circuit protec-
tive devices which are often located elsewhere on 
the premises. Readily accessible is defined in NEC 
Article 100 and IRC Chapter 35 as being “capable 
of being reached quickly for operation, renewal, 
or inspections without requiring those to whom 
ready access is requisite to take actions such as to 
use tools (other than keys), to climb over or under, 

Figure 14.9. Equipment disconnecting means is to be readily accessible 
from and within sight from the equipment

Photo 1 .6. Pool equipment disconnecting means. ote  
su cient wor ing space is required at disconnect per C 
110.26 or IRC E3405.1

Photo 1 .7. At least one receptacle outlet required in the 
icinity of a permanently installed swimming pool
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to remove obstacles, or to resort to portable lad-
ders, and so forth.” �ese disconnecting mean(s) 
shall be located at least 1.5 m (5 ft) horizontally 
from the inside walls of a pool, spa, or hot tub un-
less separated from the open water by a perma-
nently installed barrier. �is disconnecting means 
is required by the Code for servicing the equipment 
and is not necessarily intended for emergency pur-
poses (NEC 680.13 or IRC E4203.3).

Requirements in the Code for an emergency 
shutoff or control switch for the purpose of stop-

ping the motor(s) that provide power 
to the recirculation system and jet sys-
tem for spas and hot tubs are provided 
in NEC 680.41 and IRC E4208.4 and 
do not apply to one-family dwellings 
but would be required for two-family or 
multi-family dwellings. �is emergency 
shutoff must be located not less than 1.5 
m (5 ft), adjacent to, and within sight 
from the spa or hot tub, and be readily 
accessible to users.

Receptacle Locations for 
Permanently Installed 
Swimming Pools
Receptacles that provide power for circu-
lation water-pump motors are required 
to be at least 1.83 m (6 ft) away from 
the inside walls of a pool. �is circulation 
water-pump motor receptacle must be 
of a grounding type and protected by a 
ground-fault circuit interrupter (GFCI) 
[NEC 680.22(A)(2) or IRC E4203.1.1].

Where a flexible cord-and-attachment 
plug is used to connect a pump motor 
to this receptacle installed as indicated 
above, the cord length is not permitted to 
exceed 900 mm (3 ft) in length; it must 
include a copper equipment grounding 
conductor not smaller than 12 AWG; 
and be provided with a grounding-type 
attachment plug (NEC 680.8 or IRC 

E4202.3.1). �is outlet rated 120-volt through 
240-volt, single-phase would be required to be 
GFCI-protected regardless of the ampere rating 
or if it were cord- and plug-connected or hard-
wired [NEC 680.21(C) or IRC E4203.1.4].

For permanently installed pools, at least one 
125-volt, 15- or 20-ampere receptacle must be 
installed in the vicinity of the pool. �is receptacle 
must be GFCI-protected, on a general purpose 
branch circuit and must be located not closer than 
1.83 m (6 ft) and not farther than 6.0 m (20 ft) 
from the inside wall of the pool. �is required 

Figure 14.10. Receptacle outlet location requirements for permanently 
installed pools

Figure 14.11. Receptacle outlet for permanently installed pool water-
pump motor is permitted not less than 1.83 m (6 ft) from water’s edge 
(GFCI protection required)
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Figure 1 .12. uminaire and fan locations for outdoor pool  spa  or hot 
tub

Figure 14.13. Luminaire and ceiling fan locations for indoor pool areas

receptacle must be located not more than 2.0 m 
(6½ ft) above the same floor, platform or grade on 
which the pool is installed. �is required recepta-
cle applies whether the permanently installed pool 
is constructed at either a new or existing struc-
tures or dwelling unit(s). All 15- and 20-ampere, 
125-volt receptacles located within 6.0 m (20 ft) 
of the inside walls of a pool must be protected by a 
ground-fault circuit interrupter [NEC 680.22(A)
(1) through (5) or IRC E4203.1, E4203.1.3, and 
E4203.1.4].

Other outlets such as for remote control, sig-
naling, fire alarm and communications are to be 

located not less than 3.0 mm (10 ft) 
from the inside walls of the pool. [NEC 
680.22(A)(3) or IRC E4203.1.2].

It is important to clarify that where 
receptacle locations involve taking mea-
surements, the distances are required to 
be the shortest path that a supply cord of 
an appliance that is connected to the re-
ceptacle would follow without penetrat-
ing any floor, wall, ceiling, doorway with 
hinged or sliding door, window opening, 
or other effective permanent barrier 
[NEC 680.22(A)(5) or IRC E4203.1].

uminaires  ighting 
Outlets and Ceiling Fans

New Outdoor Installations
Generally, luminaires, lighting outlets 

and ceiling-suspended (paddle) fans 
cannot be installed over outdoor pools 
or over any area extending 1.5 m (5 ft) 
horizontally from the inside walls of a 
pool unless they are located 3.7 m (12 ft) 
or more above the maximum water level 
[NEC 680.22(B)(1) or IRC E4203.4.1].

FCI Protection in 
Adjacent Areas
Where luminaires and lighting outlets are 

installed in the area extending between 1.5 m (5 ft) 
and 3.0 m (10 ft) horizontally from the inside walls 
of a pool, they must be protected by a ground-fault 
circuit interrupter. GFCI protection is not required 
where they are installed, at least 1.5 m (5 ft) away, 1.5 
m (5 ft) above the maximum water level and are rig-
idly attached to the structure adjacent to or enclosing 
the pool [NEC 680.22(B)(4) or IRC E4203.4.6].

xisting Installations
Existing luminaires and lighting outlets that are lo-
cated less than 1.5 m (5 ft) measured horizontally 
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from the inside walls of a pool, must be installed so 
they are at least 1.5 m (5 ft) above the surface of the 
maximum water level. Such luminaires must be rigid-
ly attached to the existing structure and GFCI-pro-
tected [NEC 680.22(B)(3) or IRC E4203.4.4].

Cord-Connected Luminaires
Any cord-connected luminaire that is installed 
within 4.9 m (16 ft), measured radially, from any 
point on the pool water surface must meet the 
same requirements stipulated for other types of 
cord- and plug-connected equipment associat-
ed with pools, spas and hot tubs. �is cord- and 
plug-connection helps to facilitate removal or 
disconnection of the luminaire for maintenance 
or repair. For other than storable-type pools, this 
flexible cord cannot be longer than 900 mm (3 ft) 
in length. �is cord must also contain a copper 
equipment grounding conductor not smaller than 
12 AWG and terminated in a grounding-type at-
tachment plug [NEC 680.22(B)(5), 680.8 or IRC 
E4202.3].

Indoor Installations
�e Code permits certain new luminaires or ceil-
ing-suspended paddle fan(s) to be installed closer 
to an indoor pool than to an outdoor pool, but spe-
cific conditions must be met. Luminaires have to 
be of totally enclosed type. �e ceiling-suspended 
(paddle) fans are required to be identified for use 

beneath ceiling structures such as porches or pa-
tios (possibly damp locations). �e distance from 
the bottom of the luminaire or ceiling-suspended 
(paddle) fan to the maximum water level cannot 
be less than 2.3 m (7 ft 6 in.). �e following addi-
tional condition must also be met: a ground-fault 
circuit interrupter is required to be installed in the 
branch circuit supplying the luminaire(s) or ceil-
ing-suspended (paddle) fan(s) [NEC 680.22(B)
(2) or IRC E4203.4.2]. 

Low-Voltage Luminaires
Some specific low-voltage luminaires are permit-
ted to be located less than 1.5 m (5 ft) from the 
inside walls of a permanently installed pool under 
certain conditions. �ese low-voltage luminaires 
must be of the type that does not require connec-
tion to an equipment grounding conductor. �ey 
cannot exceed the voltage limitations defined in 
the definition of “Low Voltage Contact Limit” 
at NEC 680.2 or IRC E4201.2. �ese luminaires 
must also be supplied by listed transformers or 
power supplies that comply with NEC 680.23(A)
(2) or IRC E4206.1 for transformers or power 
supplies listed, labeled, and identified for swim-
ming pool and spa use [NEC 680.22(B)(6) or IRC 
E4203.4.3].

NEC Article 411 for “Low-Voltage Lighting,” 
also allows low voltage lighting systems to be in-
stalled in close proximity to swimming pools if 
“permitted by NEC Article 680” [NEC 411.5(B)]

Listed low-voltage gas-fired luminaires, deco-
rative fireplaces, fire pits, and similar equipment 
using low-voltage ignitors that do not require 
grounding and are supplied by listed transformers 
or power supplies with outputs that do not exceed 
the low-voltage contact limit are also permitted to 
be located less than 1.5 m (5 ft) from the inside 
walls of the pool. �is will be discussed in greater 
detail later in this chapter (see Photo 14.21).

Underwater Luminaires
Underwater lighting is permitted by the Code to 

Photo 1 . . Certain low- oltage lighting systems permitted 
within 1.5 m (5 ft) of pools  spas  etc.
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be supplied either directly by the branch circuit or 
through a suitable, listed isolated-winding trans-
former or power supply meeting applicable provi-
sions as indicated below.

Where installed below the normal water level of 
the permanently installed pool, underwater lumi-
naires must meet the following requirements: 

Supplied through a Transformer
Transformers and power supplies used for the 

supply of underwater luminaires, to-
gether with the transformer or power 
supply enclosure, are required to be list-
ed, labeled, and identified for swimming 
pool and spa use. �e transformer or 
power supply must incorporate either a 
transformer of the isolated-winding type 
having an ungrounded secondary and 
grounded metal barrier between the pri-
mary and secondary windings, or a trans-
former that incorporates an approved 
system of double insulation between the 
primary and secondary windings. �ese 
underwater luminaire(s) must also be 
designed such that when the luminaire 
is properly installed without a ground-
fault circuit interrupter, there is no shock 
hazard with any likely combination of 
fault conditions during normal use. �is 
does not include relamping procedures 
[NEC 680.23(A)(1) and (A)(2) or IRC 
E4206.1 and E4206.4].

�e product standard for transformers 
and power supplies used for the supply 
of underwater luminaires is ANSI/UL 
379 (‘Power Units for Fountain, Swim-
ming Pool, and Spa Luminaires). �is 
product safety standard indicates that 
the primary voltage rating of this type of 
transformer is 120 volts, and the maxi-
mum secondary ratings are 15 volts ac or 
less or 30 volts dc or less and 1000 VA or 
less. �is type of transformer is provid-
ed with integral overcurrent protection. 

Unless marked otherwise, a swimming pool and 
spa transformer is not suitable for connection to 
a conduit that extends directly to an underwater 
pool luminaire forming shell. Transformers pro-
vided with a power supply cord that are intended 
for supplying low-voltage fountain luminaires are 
marked accordingly. Check the transformer mark-
ings in order to verify the intended use.

Products listed under this category have not 
been evaluated for outdoor use unless they are 
marked “For Outdoor Use,” or equivalent, in 

Figure 14.14. Isolated-winding transformers to be listed as swimming 
pool and spa transformer with ungrounded secondary

Figure 1 .15. nderwater luminaire oltage limitations  unction box 
for wet-niche locations is to be listed as a swimming pool unction box.
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which case they have been found accept-
able for both outdoor and indoor use. 
Transformers listed under the UL Prod-
uct Spec (formally UL White Book) 
category (WDGV) are provided with a 
power supply cord or have provisions for 
conduit connection to the branch-circuit 
supply. Transformers not provided with 
a power supply cord are provided with 
leads, or with studs or terminal pads, to 
which listed pressure wire connectors 
can be factory- or field-installed to ac-
commodate field wiring. Wire binding 
screws or studs with cupped washers 
are to be used for copper wire, 10 AWG 
maximum.

Supplied by a Branch Circuit
Where supplying underwater luminaires oper-

ating at voltages greater than the low voltage con-
tact limit, the Code specifies that a ground-fault 
circuit interrupter must be installed in the branch 
circuit. �is precaution will ensure there will be no 
shock hazard during lamping, relamping, or ser-
vicing. �e origins of ground-fault circuit inter-
rupter protection for the NEC can be traced back 
to this original GFCI requirement for underwater 
lighting at swimming pools. �e first GFCI re-
quirement in the entire NEC was introduced in 
the 1968 edition of the NEC at 680-4(g)(2) with 
a definition for a “ground-fault circuit interrupter” 
immediately following.

�e ground-fault circuit interrupter will protect 
against a shock hazard with any likely fault-con-
dition combination that involves a person in a 
conductive path from any ungrounded part of the 
branch circuit or the luminaire to ground. Com-
pliance with this requirement can only be obtained 
by the use of a listed underwater luminaire and by 
installation of a listed ground-fault circuit inter-
rupter in the branch circuit or a listed transformer 
or power supply for luminaires operating at not 
more than the low voltage contact limit. [NEC 
680.23(A)(3) and (A)(8) or IRC E4206.4].

Low voltage contact limit for swimming pool 

environment luminaires is defined as a voltage 
not exceeding 15 volts (RMS) for sinusoidal ac, 
21.2 volts peak for nonsinusoidal ac, 30 volts for 
continuous dc, and 12.4 volts peak for dc that is 
interrupted at a rate of 10 to 200 Hz [NEC 680.2 
or IRC E4201.2}.

No underwater luminaires are permitted to be 
installed where they operate on supply circuits 
over 150 volts between conductors. �is would not 
prohibit the use of luminaires such as electric-dis-
charge luminaires where the supply circuit voltage 
does not exceed 150 volts between conductors on 
the supply side, but the luminaire operating volt-
age is higher than 150 volts on the output side.

Underwater Luminaire Mounting 
Requirements
Where mounted in pool walls, underwater lumi-
naires must generally be installed so the top of the 
luminaire lens is at least 450 mm (18 in.) below 
the normal water level of the pool. Lesser depths 
are permitted for luminaires specifically listed and 
identified for use at a depth of not less than 100 
mm (4 in.) below the normal water level of the 
pool. Where a luminaire is installed facing in an 
upward position, it must have its lens adequate-
ly guarded to prevent contact by any person, or it 
must be listed for use without a guard. �is guard-

Figure 14.16. Underwater luminaire water depth and listing 
requirements
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ing may be by some identified wire grill or mesh.
Underwater luminaires that depend on submer-

sion for their safe operation must have protection 
against overheating built into the luminaire. �is 
precaution protects against the hazards of over-
heating when they are not submerged. Compli-
ance with the preceding requirements is obtained 
by using listed underwater luminaires, carefully 
following the installation instructions, and by 
installation of a GFCI protective device in the 
branch circuit or a listed swimming pool and spa 
transformer or power supply that limits the op-
erating voltage to the low-voltage contact limits 
[NEC 680.23(A)(5), (6), (7), (8) or IRC E4206.4]. 
For additional details, see information found in 
the product safety standards noted at the end of 
this chapter.

Wet-Niche Luminaires
By far, the most common underwater luminaire 
employed at dwelling unit swimming pools is the 
wet-niche luminaire. By its very definition (see 
NEC 680.2 and IRC E4201.2), a wet-niche lu-
minaire requires a forming shell be installed for 
the mounting of all wet-niche underwater lumi-
naires. Where mounted in a permanently installed 
pool or fountain structure, a wet-niche luminaire 
must be installed in the forming shell such that 
the luminaire will be surrounded by water. �e 

forming shell must also be equipped with provi-
sions for conduit entries. Where in contact with 
the pool water, metal parts of the luminaire and 
forming shell must also be of brass or other ap-
proved corrosion-resistant metal. �e forming 
shell used with nonmetallic conduit systems must 
have provisions for terminating an 8 AWG cop-
per bonding jumper. �is requirement would not 
apply to listed low-voltage systems that are not 
required to be grounded [NEC 680.23(B)(1) or 
IRC E4206.5].

Conduit must extend from the forming shell 
to a listed swimming pool junction box or enclo-
sure (deck box). �e junction box is required to 
be located not less than 100 mm (4 in.) above 
the ground level, or pool deck, or not less than 
200 mm (8 in.) above the maximum water lev-
el, whichever provides the greatest elevation. �e 
measurement is taken to the inside bottom of the 
box. �e junction or deck box must also be located 
so it is not less than 1.2 m (4 ft) from the inside 
wall of the pool, unless separated from the pool by 
a solid fence, wall or other permanent barrier. A 
flush mount deck box may be used with lighting 
systems that operate at the low-voltage contact 
limit or less. Conduit installed from the forming 
shell to the junction box or other enclosure must 
be rigid metal, intermediate metal, liquidtight 
flexible nonmetallic, or rigid polyvinyl chloride 
conduit (PVC). Rigid metal or intermediate 

Photo 1 . . nderwater luminaires generally required to be 
installed 50 mm (1  in.) below the normal water le el

Photo 1 .10. et-niche luminaire remo ed from the 
forming shell (rough stages)
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metal conduit must be made of brass or other ap-
proved corrosion-resistant metal, such as stainless 
steel [NEC 680.23(B)(2); 680.24(A)(2); or IRC 
E4206.5, E4206.9].

Where a nonmetallic conduit [liquidtight flexi-
ble nonmetallic or rigid polyvinyl chloride conduit 
(PVC)] is used, an 8 AWG insulated copper bond-
ing jumper is required to be installed along with 
the luminaire’s flexible cord assembly so it can be 
terminated on a suitable lug in the forming shell, 
and in the junction box, transformer enclosure, or 
ground-fault circuit interrupter enclosure. �e 8 
AWG insulated copper bonding jumper is not re-

quired to be used with a listed low-volt-
age lighting system that does not require 
grounding. Check the manufacturer’s 
instructions for details on installation 
requirements [NEC 680.23(B)(2)(b) or 
IRC E4205.3].

�e 8 AWG bonding jumper must be 
encapsulated with a listed potting com-
pound at the point of termination with-
in the forming shell. �is compound 
provides protection from corrosion 
and other deteriorating effects caused 
by the pool water. For other than listed 
low-voltage lighting systems not requir-
ing grounding, wet-niche luminaires 
supplied by flexible cord or cable assem-
blies must have all their exposed non−
current-carrying metal parts ground-
ed by an insulated copper equipment 
grounding conductor that is an integral 
part of the cord or cable. �is equipment 
grounding conductor must be connect-
ed to an equipment-grounding terminal 
in the supply junction box, transformer 
enclosure, or other enclosure. Also, this 
equipment grounding conductor can-
not be smaller than the supply conduc-
tors and never smaller than 16 AWG 
[NEC 680.23(B)(3) and (B)(4) or IRC 
E4206.5].

�e end of the flexible-cord jacket and 
the flexible-cord conductor terminations 

located within a wet-niche luminaire are required 
to be covered with, or encapsulated in, a suitable 
potting compound. �is will help to prevent the 
siphoning of water from the forming shell through 
the cord jacket or its contained conductors back 
to the junction box. �e manufacturer typical-
ly encapsulates this termination at the time the 
cord is attached to the luminaire assembly [NEC 
680.23(B)( 4) or IRC E4206.5].

�e luminaire must be bonded to and secured 
to the forming shell by a positive locking device 
that will ensure a low-resistance contact. A special 
tool is typically required in order to remove the 

Figure 14.17. Wiring methods and bonding requirements for wet-niche 
luminaires

Figure 1 .1 . Ser icing and relamping of wet-niche luminaires
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without his or her entering or going into the pool 
water to change the bulb or perform maintenance. 
�is can typically be achieved by installing a speci-
fied length of flexible cord inside the forming shell 
to allow the luminaire to be brought to the surface 
and placed on the deck or other dry location while 
the relamping occurs [NEC 680.23(B)(6) and 
IRC E4206.5.1].

Listed wet-niche luminaires are typically pro-
vided with a factory installed, permanently at-
tached flexible cord that extends at least 3.7 m 
(12 ft) outside the luminaire enclosure. �is will 
permit removal of the luminaire from the form-
ing shell so it can be lifted onto the pool or spa 
deck for servicing without lowering the water 
level or disconnecting it from the branch-circuit 
conductors.

Luminaires with longer cords are available for 
installation where the deck or junction box or en-
closure is located such that a 3.7 m (12 ft) length 
of cord will not permit the luminaire to be re-
moved from the forming shell and placed on the 
deck for servicing.

To avoid possible cord damage, any cord length 
in excess of that necessary for servicing should 
be trimmed from the supply end rather than be-
ing stored in the forming shell. See also the UL 
Product Safety Standards Information and the 
UL Product Spec (formally UL White Book) un-
der the category Luminaires and Forming Shells 
(WBDT).

Dry-Niche Luminaires
Even though the majority of the underwater lu-
minaires at dwelling-unit, permanently installed 
pools will be wet-niche types, there are other types 
available. One such type is a dry-niche luminaire. 
A dry-niche luminaire is intended to be installed 
in the floor or wall of a pool, spa, or fountain in a 
niche that is sealed against the entry of pool water. 
A dry-niche luminaire is required to be provid-
ed with a provision for drainage of water. Other 
than listed low-voltage luminaires not requiring 
grounding, it shall also have a means for accom-

Photo 1 .12. onmetallic wet-niche forming shell with 
metallic bonding strip to future metal wet-niche luminaire

Photo 1 .11. quipotential bonding grid bonding umper to 
nonmetallic wet-niche forming shell

luminaire from the forming shell. Bonding is not 
required for certain types of luminaires listed for 
the application. Such luminaires have no metal 
parts other than those such as wires or lamp fila-
ments that are specifically intended to carry cur-
rent [NEC 680.23(B)(5) or IRC E4206.5].

Underwater wet-niche luminaires include 
markings that will indicate the proper housing(s) 
with which they are to be used. Also, the luminaire 
housings are marked to indicate the appropriate 
luminaires with which the housings are to be used.

Luminaires must be removable from the un-
derwater forming shell for relamping or normal 
maintenance. �e luminaire maintenance loca-
tion must be accessible by maintenance personnel 
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modating one equipment grounding conductor 
for each conduit entry.

A specific junction box is not required for dry-
niche luminaires. Where a junction box is used, it 
does not have to be elevated or located above the 
deck of the pool where the luminaire is specifically 
identified for the purpose [NEC 680.23(C)(1) and 
(2) or IRC E4206.6].

No-Niche Luminaires
Another type of underwater luminaire is a no-
niche luminaire. A no-niche luminaire is intended 
to be installed above or below the water without a 
niche. �ese types of luminaires must be listed for 
the purpose and installed according to the require-
ments for wet-niche luminaires.

Underwater luminaires of the no-niche type are 
intended to be installed on the walls of built-in, 
belowground spas or swimming pools. �ese lu-
minaires are required to be installed with the top 
of the lens not less than 450 mm (18 in.) below 
the normal water level, unless otherwise listed 
and marked. �ese luminaires are designed to be 
mounted to a bracket that is permanently secured 
in or on the wall where the luminaire will be com-
pletely surrounded by water, and are provided with 
a factory installed, permanently attached flexible 
cord that extends at least 3.7 m (12 ft) outside the 
luminaire enclosure.

�e flexible cord permits the luminaire to be 
removed from the mounting bracket and lifted to 
the pool or spa deck for servicing, without lower-
ing the water level or disconnecting the luminaire 
from the branch-circuit conductors. Luminaires 
with longer cords are available for installations 
where the junction box or splice enclosure is so lo-
cated that a 3.7 m (12 ft) long cord will not permit 
luminaire removal from the mounting bracket and 
placement on the deck for servicing.

To avoid possible cord damage, any cord length 
in excess of that necessary for servicing should be 
trimmed from the supply end rather than stored 
between the luminaire and wall [NEC 680.23(D) 
or IRC E4206.7]. See also the UL Product Safety 

Standards Information and the UL Product Spec 
(formally UL White Book) under the category 
Luminaires and Forming Shells (WBDT).

Through-Wall Lighting 
Assemblies
�e term through-wall lighting assembly is de-
fined by NEC 680.2 and IRC E4201.2 as, “A light-
ing assembly intended for installation above grade, 
on or through the wall of a pool, consisting of two 
interconnected groups of components separated 
by the pool wall.” �ese assemblies are required 
to be equipped with a threaded entry or hub, or 
a nonmetallic hub, for the purpose of accommo-
dating the termination of the supply conduit. A 
through-wall lighting assembly must include an 
insulated copper equipment grounding conductor 
and comply with the construction requirements of 
NEC 680.23(B)(3) or IRC E4205.4. It must also 
meet all the requirements for underwater lumi-
naires as described at NEC 680.23 or IRC E4205. 
Where connection to a forming shell is specified, 
the connection shall be to the conduit termination 
point. Even though these rules for through-wall 
lighting assembly type underwater luminaires are 
found in Part II, Permanently Installed Pools, of 
NEC 680, these assemblies are extremely rare for 
a permanently installed pool. �ese assemblies are 

Photo 1 .1 . ed brass rigid metal conduit (shown) 
permitted as a wiring method to an underwater luminaire in 
a corrosi e en ironment
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typically found in association with a storable pool, 
which we will cover later in this chapter.

ranch-Circuit iring ethods 
for Underwater Luminaires
Branch-circuit wiring on the supply side of deck 
or junction boxes and enclosures and connected to 
conduits run to underwater wet-niche, dry-niche, 
or no-niche luminaires installed in corrosive en-
vironments (as described in NEC 680.14 or IRC 
E4202.2) shall be listed and identified for use 
in such areas. Rigid metal conduit, intermediate 
metal conduit, liquidtight flexible nonmetallic 
conduit, reinforced thermosetting resin conduit, 
or rigid polyvinyl chloride conduit (PVC) are 
wiring methods permitted in these corrosive en-
vironments. Where installed in a noncorrosive 
environment, such as on or within an attic of a 
dwelling unit, any NEC Chapter 3 or IRC Chap-
ter 38 wiring method identified for such use can 
be used. In noncorrosive environments, such wir-
ing methods as electrical metallic tubing is per-
mitted to be used to protect conductors where it is 
installed on or within a building. A branch circuit 
or feeder ran inside a dwelling unit in a noncorro-
sive location could include such wiring methods as 
nonmetallic-sheathed cable, electrical nonmetallic 

tubing (ENT), Type MC cable, or Type 
AC cable.

Liquidtight flexible metal conduit or 
liquidtight flexible nonmetallic conduit 
can be used to connect to power supplies 
or transformers supplying pool lumi-
naires. �e total length is limited to 3.0 
m (10 ft) with any one length limited to 
1.8 m (6 ft). Liquidtight flexible nonme-
tallic conduit, Type B (LFNC-B) is per-
mitted in lengths longer than 1.8 m (6 
ft) [NEC 680.23(F) and 680.14 or IRC 
Table E4202.1].

Equipment Grounding for 
Underwater Luminaires

�rough-wall lighting assemblies, wet-niche, dry-
niche or no-niche luminaires must be connect-
ed to an insulated copper equipment grounding 
conductor. �is equipment grounding conductor 
requirement does not apply to listed low-voltage 
luminaires, which does not require grounding pro-
visions. �e equipment grounding conductor shall 
be run with the branch-circuit conductors and 
sized based on the rating of the circuit overcur-
rent protective device. �is equipment grounding 
conductor can never be smaller than 12 AWG. 
An exception applies to the equipment grounding 
conductor on the secondary side of a transformer. 
�e equipment grounding conductor installed be-
tween the wiring chamber of the secondary wind-
ing of a transformer and a junction box must be 
sized in accordance with the overcurrent device in 
this circuit. See NEC Table 250.122 or IRC Table 
E3908.12 for the minimum size of the equipment 
grounding conductor.

Equipment grounding conductors used in 
conjunction with underwater luminaire circuits 
are generally to be installed without splice or 
joint. Two conditions exist to permit such splice 
or joint. One condition permits the equipment 
grounding conductor to be spliced on ground-
ing terminals where more than one luminaire is 
supplied by the same branch circuit. �e second 

Figure 1 .1 . Switching de ices generally required to be installed at 
least 1.5 m (5 ft) from the inside walls of a pool
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condition permits the equipment grounding con-
ductor to be spliced on grounding terminals lo-
cated on equipment in the same circuit as the un-
derwater luminaire. For example, an underwater 
luminaire is protected by a ground-fault circuit 
interrupter and controlled by a clock-operated 
switch. �e equipment grounding conductor is 
permitted to terminate on equipment-grounding 
terminals on the ground-fault circuit interrupter 
and the clock-operated switch enclosure, as well 
as on the deck box that connects to the conduit 
that runs to the luminaire equipment grounding 
conductor [NEC 680.23(F)(2)(a) and (b) or IRC 
E4205.2 Exceptions 1 and 2].

Switching De ices
Switching devices of any type (including 
maintenance disconnects) must be locat-
ed at least 1.5 m (5 ft) from the inside 
walls of a pool. Lesser distances are per-
mitted where switching devices are sepa-
rated from the pool by a permanent bar-
rier, such as a solid fence or wall. �is rule 
applies to equipment disconnects, circuit 
breakers and fusible switches, as well as to 
switches installed for other purposes such 
as controlling a luminaire. �e Code rec-
ognizes that switches listed for use within 
the 1.5 m (5 ft) limitation are permitted. 
An example is a factory-installed switch 
that is part of a listed spa assembly [NEC 
680.22(C) or IRC E4203.2].

unction oxes and 
Electrical Enclosures for 
Transformers or GFCIs
Where a conduit is connected to a junc-
tion box or enclosure used for a trans-
former, ground-fault circuit interrupter, 
or a similar device that extends directly 
to an underwater forming shell, the box 
or enclosure is required to meet several 
requirements in the Code. First, it must be 
listed, labeled, and identified as a swim-
ming pool or spa junction box (deck box). 

�e junction or deck box must be equipped with 
threaded entries or hubs or a nonmetallic hub. �e 
box must be made of copper, brass, suitable plastic 
or other approved corrosion-resistant material. It 
is required to be manufactured such that electrical 
continuity is maintained between every connected 
metal conduit and the equipment-grounding ter-
minals by means of copper, brass or other approved 
corrosion-resistant metal that is integral with the 
box [NEC 680.24(A)(1) or IRC E4206.9.1].

unction ox ocation(s)
Junction boxes are required to be located not less 

Figure 1 .20. unction box location and listing requirements

Figure 1 .21. unction box location at split-le el pool
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than 100 mm (4 in.) above the ground level, or pool 
deck and not less than 200 mm (8 in.) above the 
maximum pool water level, whichever provides the 
greatest elevation. �e measurement is to be taken 
from the inside bottom of the junction (deck) box. 
�e junction or deck box shall be located at least 1.2 
m (4 ft) from the inside wall of the pool. Less than 
1.2 m (4 ft) of separation is permitted where the 
deck or junction box is separated from the pool by a 
solid fence, wall or other permanent barrier.

�e Code permits a flush deck box to be used 

for lighting systems operating at the 
low-voltage contact limit or less. An ap-
proved potting compound must be used 
to fill the box to prevent the entrance 
of moisture. �e flush deck box must 
be located at not less than 1.2 m (4 ft) 
from the inside wall of the pool. �e 
word approved is used for this potting 
compound since it may not be a listed 
product. Potting compounds specifical-
ly designed to be used in these junction 
boxes are available from manufacturers. 
�ese potting compounds do not harden 
solidly, which permits the potting com-
pound to be removed when the connec-
tions require servicing [NEC 680.24(A)
(2) or IRC E4206.9].

Where junction boxes and enclo-
sures are installed above the grade of 
the finished deck around the pool, 
they cannot be located in the walkway 
or deck unless additional protection 
from physical damage is provided. For 
example, protection may be accom-
plished by locating the junction boxes 
and enclosures under diving boards or 
adjacent to fixed structures such as a 
wooden fence. [NEC 680.24(C) or 
IRC E4206.9.3]

Junction boxes, transformer enclo-
sures, and ground-fault circuit-inter-
rupter enclosures that are connected to a 
conduit extending directly to a forming 
shell or mounting bracket of a no-niche 

luminaire must be provided with a number of 
equipment grounding conductor terminals that 
will provide for at least one more grounding ter-
minal than the number of conduit entries [NEC 
680.24(D) or IRC E4206.9.4].

Where the flexible cord of an underwater lu-
minaire terminates within a junction box, trans-
former or power supply enclosure, ground-fault 
circuit interrupter or other enclosure, it must be 
provided with a strain relief [NEC 680.24(E) or 
IRC E4206.9.5].

Figure 1 .22. onding and grounding of pool associated components 
and equipment

Figure 14.23. Structural components of an in-ground swimming pool 
not permitted to be used as a grounding electrode
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�e junction box, transformer enclosure or oth-
er enclosure in the supply circuit that is run to 
a wet-niche or no-niche luminaire and the field 
wiring chamber of a dry-niche luminaire must be 
grounded by means of the equipment-grounding 
terminal of the panelboard. �is terminal must be 
directly connected to the panelboard enclosure 
[NEC 680.24(F) or IRC E4205.2].

quipotential onding 
Requirements
Bonding requirements are an important and 
unique protective method employed to increase 
the safety of the users of bodies of water such as 
pools, spas and hot tubs. Bonding connects togeth-
er the conductive elements of the pool structure, 
nearby metallic objects, and electrical equipment 
enclosures. Bonding is required to eliminate volt-
age gradients (rises) in the pool area. �is is simply 
an attempt to keep all these conductive elements 
at the same voltage potential. When metallic parts 
are bonded together, they have the effect of elim-
inating differences of voltage potential that may 
exist between the individual conductive parts and 
thus reduce the shock hazard.

It should be clearly understood that if used, the 
8 AWG or larger solid copper bonding conductor 
discussed below is not required to be extended, or at-
tached to any remote panelboard, service equipment 
or any grounding electrode. �e sole purpose of this 
bonding conductor is to eliminate any voltage gradi-
ents or differences in voltage potential in and around 
the pool area. �e purpose here is not to “ground” 
the pool structure. How much more grounded can 
you get than this huge concrete and metal structure 
buried in the earth with thousands of pound of water 
in it? �is bonding (connected together) is often re-
ferred to as equipotential bonding [NEC 680.26(A) 
and (B) or IRC E4204.1, E4204.2].

�is is a good point to explore the different 
purposes served by bonding and grounding and to 
develop a clear understanding of the two terms. 
Bonding (connected together) serves to equalize 
voltage potential differences in order to reduce 

shock hazards between different parts of the pool 
by connecting potentially conductive parts to-
gether. Grounding (connected to earth) involves 
providing a low-impedance, ground-fault return 
path from the equipment required to be grounded 
back to the source of the electrical system, typi-
cally through the equipment grounding conductor 
routed with the branch-circuit conductors. �is 
path facilitates the operation of the fuse or circuit 
breaker to allow it to remove the faulted condition. 
In short, bonding is connecting together, while 
grounding is connecting to earth. Grounding and 
bonding work together to provide the safety from 
shock hazards that is so important.

Photo 1 .15. isted product for bonding of pool water 
(Product made by Perma-Cast Co.)

Photo 1 .1 . onded parts such as metallic ladders  
luminaire housings  and rails with  in2 in contact with the 
pool water can ser e to bond the pool water
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Since several types of electrical equipment com-
monly used with pools, hot tubs or spas that are 
bonded together must also be grounded, an inter-
connection between the grounded (neutral) con-
ductor and bonding grid exists. �is interconnec-
tion, usually at the electrical service equipment, is 
often remote, and is not intended to play a part in 
equipotential bonding.

For the 2017 NEC and 2018 IRC, language 
was added at NEC 250.52(B) and IRC E3608.7 
to prohibit the use of the structures and structural 
reinforcing steel of an in-ground swimming pool 
as described in NEC 680.26(B)(1) and (B)(2) or 
IRC E4204.2 from being used as a grounding 
electrode. It was never the intent of the Code to 
use a pool bonding grid as a grounding electrode. 
Adding the additional requirement to prohibit 
the use of the metal components of an in-ground 
swimming pool is an important clarification to 
point out the difference between grounding and 
bonding. �e equipotential bonding requirements 
of NEC 680.26 and IRC E4204 are to reduce 
voltage gradients (difference of voltage potential 
between two conducting objects), and not to cre-
ate a grounding electrode system for a building or 
structure.

Swimming pools, spas and hot tubs present spe-
cial shock hazards to people. �e water is mixed 
with chemicals, which often increase conductivity. 
People are in direct contact with the water and 
come in contact with grounded objects. Electrical 
equipment is used to circulate and heat the water 
and for other related functions such as illumina-
tion. �e Code requirements, if carefully followed, 
will reduce the electric shock hazards to an accept-
able level. One of these measures is the bonding 
together of conductive portions of the pool and 
metal parts of electrical equipment associated with 
the pool. Once again, the goal is to provide a means 
of equalizing the voltage potential of all equip-
ment and parts. If this is done properly, there will 
be no current flow between these parts that would 
be harmful to personnel. �e required bonding 
(connected together) is accomplished by connect-
ing all the parts together by adequately sized and 

properly connected copper bonding conductor(s) 
or other recognized bonding methods.

�e Code describes the basic bonding require-
ments and provides a list of items required to be 
bonded together �ese bonding requirements can 
be found at NEC 680.26(B) or IRC E4204.2. In-
cluded are the following metal parts that must be 
bonded:

1. All metal parts of the pool structure, includ-
ing the reinforcing metal of the pool shell, 
coping stones, and perimeter surface deck. 
�e usual steel tie wires are considered to 
be suitable for bonding the reinforcing steel 
together, and welding, brazing or special 
clamping is not required. �ese tie wires 
must be made tight. Reinforcing steel effec-
tively insulated by an encapsulating, non-
conductive compound at the time of man-
ufacture is not required to be bonded. If this 
is the case, the Code requires provisions to 
be made for an alternate means to eliminate 
voltage gradients. �is alternate means will 
be discussed later in this chapter.

2. All metal forming shells of wet-niche lumi-
naires and mounting brackets of no-niche 
luminaires. Listed low-voltage lighting 
systems with nonmetallic forming shells 
are not required to be bonded. Check the 
manufacturer’s instructions for installation 
details to ensure compliance with listing 
requirements.

3. All metal fittings within or attached to the 
pool structure. Isolated parts that are not 
over 100 mm (4 in.) in any dimension and 
do not penetrate into the pool structure 
more than 25 mm (1 in.) are exempted from 
the bonding requirement.

4. Metal parts of electric equipment associat-
ed with the pool water circulating system, 
including pump motors and metal parts of 
equipment associated with pool covers, in-
cluding electric motors. It should be noted 
that metal parts of listed equipment in-
corporating an approved system of double 
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insulation, such as a double-insulated pool 
pump motor, are prohibited from being 
bonded to the equipotential bonding grid.

5. Metal-sheathed cables and raceways, met-
al piping, and all fixed metal parts that 
are within 1.5 m (5 ft) horizontally of the 
inside walls of the pool, and within 3.0 m 
(12 ft) above the maximum water level of 
the pool, or any observation stands, towers 
or platforms, or from any diving structures, 
that are not separated from the pool by a 
permanent barrier.

6. �e pool water itself must also be bonded. 
An intentional bond of a minimum conduc-
tive surface area of 5800 mm2 (9 in.2) is re-
quired to be in direct contact with the pool 
water. �is bonding can be accomplished 
with any of the conductive parts that are 
required to be bonded as described above. 
�is could include such things as a metal 
pool ladder or railing where at least 9 square 
inches of the ladder is in contact with the 
water. A metal forming shell of a wet-niche 
luminaire can also satisfy this bonding re-
quirement. Listed products to accomplish 
this bonding of the pool water are commer-
cially available as well [NEC 680.26(C) or 
IRC E4204.3].

For pool water heaters rated at more than 50 
amperes and having specific instructions regard-
ing bonding and grounding, only those parts des-
ignated to be bonded shall be bonded and only 
those parts designated to be grounded are required 
to be grounded. As stated previously, accessible 
metal parts of listed equipment incorporating an 
approved system of double insulation and provid-
ing a means for grounding internal nonaccessible, 
non−current-carrying metal parts are not per-
mitted to be bonded by direct connection to the 
bonding grid. �e equipment grounding conduc-
tor run with the supply conductors to the motor is 
the permitted means used to ground the internal 
nonaccessible metal parts of the double-insulated 
motor.

Where a double-insulated water pump is in-
stalled, a bonding connection to the equipotential 
bonding grid is not permitted. However, the Code 
does require the installation of an 8 AWG solid 
copper bonding conductor that is of sufficient 
length to make a bonding connection to a future 
replacement motor in the event that the replace-
ment motor is not a double-insulated type motor. 
�e bonding conductor is to be extended from the 
equipotential bonding grid to an accessible loca-
tion in the vicinity of the motor. Where there is 
no connection between the bonding grid and the 
equipment grounding conductor for the premis-
es, the bonding conductor is required to be con-
nected to the equipment-grounding conductor of 
the pump motor circuit. �is connection could be 
made at the motor termination compartment or 
in a suitable junction box or other enclosure [NEC 
680.26(B)(6) or IRC E4204.2.6].

quipotential onding rid 
All the metallic structural components and oth-
er metal fittings, wiring methods and equipment 
must be connected together to form an equipoten-
tial bonding grid. �e equipotential bonding grid 
is divided into two (2) distinctive parts, the con-
ductive pool shell (belly steel) and the perimeter 
surfaces (deck steel). For the conductive pool shell, 
poured concrete, pneumatically applied or sprayed 
concrete, and concrete block (including painted or 
plastered coatings) are all considered conductive 
materials due to water permeability and porosity. 
Vinyl liners and fiberglass composite shells are 
not included in these bonding requirements and 
are considered to be nonconductive materials. For 
the perimeter surfaces, the equipotential bonding 
grid shall extend under paved walking surfaces for 
a distance of 1 m (3 ft) horizontally beyond the 
inside walls of the pool unless separated from the 
pool by a permanent wall or building 1.5 m (5 ft) 
or more in height. �e deck or perimeter surface 
does include unpaved surfaces as well as poured 
concrete and other types of paving and is required 
to be attached to the pool reinforcing steel or cop-
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per conductor grid of the conductive pool shell at 
a minimum of four (4) points uniformly spaced 
around the perimeter of the pool. For noncon-
ductive pool shells, bonding at four points is not 
a requirement. �e components and make-up of 
the conductive pool shell and the perimeter sur-
faces will be discussed in greater detail later in this 
chapter.

�e bonding connection between the various 
components of the equipotential bonding grid can 
be made with a solid copper conductor or with 
rigid metal conduit of brass or other identified 

corrosion-resistant metal. If a conductor 
is used, this conductor may be insulated, 
covered, or bare, but cannot be smaller 
than 8 AWG. �is bonding conductor is 
not required to be extended or attached 
to remote panelboards, service equip-
ment, or any grounding electrodes. �is 
bonding conductor is, again, simply for 
bonding of metal components togeth-
er, it is not intended for the purpose of 
establishing a connection to earth or a 
ground-fault return path.

�e connection(s) must be made in 
accordance with NEC 250.8 or IRC 
E3406.14 by such things as listed pres-
sure connectors or clamps that are la-
beled as suitable for the purpose and 

are made of stainless steel, brass, copper or copper 
alloy. Where pressure-type connectors are used, 
be certain they are sized to accommodate the 8 
AWG copper bonding conductor and the steel 
reinforcing bar or whatever is being bonded. Con-
sult the connector manufacturer’s specifications 
for the proper model connector. Some clamps or 
connectors are suitable for use with pipe only or 
with reinforcing rods only. Some of the clamps 
or connectors are identified for use with a certain 
size or diameter pipe only, such as ½ in. – 1 in. 
diameter trade sizes only. �is will also ensure a 
secure connection on what are often widely differ-
ent sizes of reinforcing bar or rod and the 8 AWG 
bonding conductor.

If the connection will be covered with concrete 
or earth, use a wire pressure connector that is 
identified as being suitable for direct earth burial 
or concrete encasement, whichever applies.

�e process of exothermic welding is an excel-
lent way to bond the required bonding conduc-
tor(s) to reinforcing rods or bars. If the exothermic 
welding process is used, it is critical to use the 
proper form or mold. A proper form will be sized 
for both the reinforcing rod and the bonding con-
ductor to be used. Also, be certain all the manu-
facturer’s instructions are followed. Too “hot” of a 
load may ruin the connection. Safe work practices 

Figure 14.24. Equipotential bonding grid forms an equipotential 
bonding plane in and around the pool area

Photo 1 .16. quipotential bonding grid includes both the 
conducti e pool shell (belly steel) and the perimeter surface 
(dec  steel)
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and proper personnel protective equipment are re-
quired to avoid being seriously burned.

quipotential onding rid  
Conducti e Pool Shell 
�e equipotential bonding grid is comprised of 
two (2) different and distinct parts. �e first of 
these two that we will discuss is the conductive 
pool shell. �is conductive pool shell is sometimes 
referred to as the belly steel. �e conductive pool 
shell is to be comprised of the following elements:

Unencapsulated structural reinforcing steel of 
a conductive pool, where the reinforcing steel is 
bonded together by the usual steel tie wires or 
the equivalent. If the structural reinforcing steel 
is encapsulated in a nonconductive compound 
or if unencapsulated structural reinforcing steel 
is not available or utilized at a conductive pool 
shell, a copper conductor grid is required to be 
installed.

If installed, this copper conductor grid system 
shall comply with and consist of (1) through (4) 
below:

“(1) Be constructed of minimum 8 AWG bare 
solid copper conductors bonded to each other 
at all points of crossing (see NEC 250.8 for 
bonding connection provisions).
“(2) Conform to the contour of the pool shell.
“(3) Be arranged in a 300 mm (12 in.) by 300 
mm (12 in.) network of conductors in a uni-
formly spaced perpendicular grid pattern with 
a tolerance of 100 mm (4 in.).
“(4) Be secured within or under the pool no 
more than 150 mm (6 in.) from the outer con-
tour of the pool shell.”

[NEC 680.26(B)(1)(a) and (b) or IRC 
E4204.2(1)].

quipotential onding rid  
Perimeter Surfaces
�e second element of the equipotential bonding 
grid is the perimeter surfaces or deck steel as it is 

sometimes referred to. �e perimeter surfaces are 
comprised of the following elements.

Unencapsulated structural reinforcing steel, 
which for the perimeter surface can consist of 
such things as structural metal rebar or wielded 
wire mesh. Where structural reinforcing steel is 
encapsulated in a nonconductive compound or 
where unencapsulated structural reinforcing steel 
is not available or utilized, an alternative means 
consisting of a “copper conductor(s)” shall be uti-
lized where the following requirements are met:

 (1) At least one minimum 8 AWG bare solid 
copper conductor shall be provided.
 (2) �e conductor(s) shall follow the contour 
of the perimeter surface.

Photo 1 .1 . Conducti e perimeter surface sometimes 
referred to as the dec  steel

Photo 1 .17. Conducti e pool shell sometimes referred to 
as the belly steel
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 (3) �e alternative conductor is permitted to 
be spliced but only listed splices shall be per-
mitted to be used.
 (4) �e alternative conductor shall be 450 to 
600 mm (18 to 24 in.) from the inside walls 
of the pool.
 (5) �e alternative conductor shall be secured 
within or under the perimeter surface 100 mm 
to 150 mm (4 in. to 6 in.) below the subgrade.
[NEC 680.26(B)(2)(a) and (b) or IRC 
E4204.2(2)].

For the equipotential bonding grid, attention 
needs to be directed to the difference between 

the copper conductor grid system as an 
alternative for the conductive pool shell 
and the copper conductor(s) alternate 
means for the perimeter surfaces.

Underwater Audio 
Equipment Installation(s)
All underwater audio equipment and 
similar installations must be listed and 
specifically identified for the purpose. 
Each underwater speaker must be 
mounted in an approved metal forming 
shell, the front of which is enclosed by a 
captive metal screen, or equivalent that 
is bonded to and secured to the forming 
shell by a positive locking device that 

assures a low-resistance contact. Typically, a spe-
cial tool will be required so that it can be opened 
for installation or servicing of the speaker. �e 
forming shell must be installed in a recess in the 
wall or floor of the pool. It is interesting to note 
that the forming shell for the underwater audio 
equipment is specifically required to be a metal 
type. Rigid metal conduit or intermediate metal 
conduit of brass or other identified corrosion-re-
sistant metal, liquidtight flexible nonmetallic con-
duit (LFNC-B), rigid polyvinyl chloride (PVC) 
conduit, or reinforced thermosetting resin conduit 
is required to extend from the forming shell to a 
listed swimming pool junction box (deck box) or 
other enclosure. �e junction box must meet the 
location requirements of the Code, which were 
covered earlier in this chapter in the sections on 
pool-associated luminaires.

Where rigid polyvinyl chloride (PVC) conduit, 
reinforced thermosetting resin conduit, or liquid-
tight flexible nonmetallic conduit is used as the 
wiring method from the deck or junction box or 
enclosure to the metal forming shell, an 8 AWG 
insulated copper bonding conductor must be in-
stalled within this conduit with provisions for ter-
minating in the forming shell and in the junction 
box. �is conductor may be solid or stranded. �e 
termination of the 8 AWG copper bonding jump-

Figure 14.25. Underwater audio equipment and forming shell bonding 
requirements

Photo 1 .1 . onding conductor (  A  solid copper) to 
pool pump motor and water heater
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er in the forming shell must be covered 
with, or encapsulated in, a suitable listed 
potting compound to protect the con-
nection from the possible deteriorating 
effect of pool water.

�e forming shell and metal screen 
must be made of brass or other ap-
proved corrosion-resistant metal [NEC 
680.27(A) or IRC E4206.10].

Wiring Methods for 
Permanently Installed 
Pool-Associated otors
�e wiring methods permitted to be 
utilized to a permanently installed pool, 
spa, or hot tub motor will depend on the type of 
environment the motor is installed in. Wiring 
methods installed in a corrosive environment as 
described in NEC 680.14 or IRC E4202.2 shall be 
listed and identified for use in such areas and shall 
consist of rigid metal conduit, intermediate metal 
conduit, rigid polyvinyl chloride conduit, and re-
inforced thermosetting resin conduit and shall be 
considered to be resistant to the corrosive environ-
ment [NEC 680.14(B) or IRC E4202.2.1]. Type 
MC cable listed for a corrosive environment is also 
an acceptable wiring method for that type location 
[NEC 680.21(A)(1) or IRC Table 4202.1]. 

All motors associated with permanently in-
stalled pools and installed in a corrosive environ-
ment are required to be connected to an equip-
ment-grounding conductor. �is equipment 
grounding conductor is to be sized based on the 
rating of the overcurrent protective device (fuse 
or circuit breaker typically) ahead of the branch 
circuit supplying the motor in conjunction with 
NEC Table 250.122 or IRC Table E3908.12. �is 
equipment-grounding conductor must be an insu-
lated copper conductor and is not permitted to be 
smaller than 12 AWG. Where installed in non-
corrosive environments such as on or inside the 
dwelling unit, branch circuits would simply need 
to comply with the general requirements in NEC 
Chapter 3 or IRC Chapter 38 [NEC 680.21(A)

(1) or IRC E4202.2 and E4205.2]. �is could be 
nonmetallic-sheathed cable (Type NM cable) in 
dry locations.

�e Code describes a corrosive environment per-
taining to a pool location as “areas where pool san-
itation chemicals are stored, as well as areas with 
circulation pumps, automatic chlorinators, filters, 
open areas under decks adjacent to or abutting the 
pool structure, and similar locations.” �ese rules 
go further to indicate that the air, any liquids, or 
condensation in such areas is considered to be lad-
en with acid, chlorine, and/or bromine vapors. 

Double-insulated pump motors are sometimes 

Figure 14.26. Wiring methods for motors in interior of a dwelling unit

Photo 1 .20. iquidtight exible nonmetallic conduit 
employed as a wiring method for a pool pump motor in a 
noncorrosi e en ironment
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used with permanently installed pools. 
Double-insulated pump motors have 
been used for storable pools for many 
years without any reported problems. A 
double-insulated pump motor may be 
cord- and plug-connected. For other than 
storable pools, the cord length cannot 
exceed 900 mm (3 ft). �e listed swim-
ming pool pump motor incorporates an 
approved system of double insulation. 
�e internal, non−current-carrying met-
al parts are grounded via the branch-cir-
cuit equipment grounding conductor. 
�e equipment grounding conductor 
must be an insulated copper conductor 
not smaller than 12 AWG. �e cord 
must terminate in a grounding type attachment 
plug. �is type of pump motor should not have an 
external bonding lug, even though some manufac-
turers will include the exterior bonding lug, which 
serves no significant function [NEC 680.21(A)(3), 
680.21(B) or IRC E4202.3(1), E4202.4].

As noted earlier in this chapter, outlets that 
supply pool pump motors and are rated 120-volts 
through 240-volts, single-phase are required to be 
provided with GFCI protection. �is would in-
clude both receptacle outlet (cord- and plug-con-
nected) and direct-connection or hard-wired 
connection. A receptacle supplying a pool pump 
motor is permitted to be located at least 1.83 m 
(6 ft) from the inside walls of a pool. �is circula-
tion pump motor receptacle outlet in this location 
must be a grounding-type receptacle and must be 
GFCI-protected [NEC 680.21(C), 680.22(A)(2) 
or IRC E4202.4, E4203.1.1].

Feeders Supplying Pool 
Equipment
�e Code imposes a few additional requirements 
for any feeder on the supply side of a panelboard 
that supplies pool-associated equipment for per-
manently installed pools. �e wiring methods 
permitted to be utilized for a feeder to a pan-
elboard for a permanently installed pool, spa, or 

hot tub will depend on the type of environment 
the feeder is exposed to. Feeder wiring methods 
installed in a corrosive environment as described 
in NEC 680.14 or IRC E4202.2 shall be listed 
and identified for use in such areas and shall 
consist of rigid metal conduit, intermediate met-
al conduit, rigid polyvinyl chloride conduit, and 
reinforced thermosetting resin conduit and shall 
be considered to be resistant to the corrosive en-
vironment [NEC 680.14(B) or IRC E4202.2.1]. 
Liquidtight flexible nonmetallic conduit is also 
an acceptable wiring method for feeders installed 
in a corrosive environment [NEC 680.25(A) or 
IRC E4205.6]. 

�e Code requires that a panelboard that is sup-
plied by a feeder installed in a corrosive environ-
ment have an equipment grounding conductor in-
stalled between its equipment-grounding terminal 
and the equipment-grounding terminal located at 
the service equipment. �is equipment grounding 
conductor must be sized based on the rating of the 
fuse or circuit breaker that supplies the feeder us-
ing NEC Table 250.122 or IRC Table E3908.12. 
�is equipment grounding conductor must be an 
insulated copper conductor. �e minimum size 
required is to be not smaller than 12 AWG. �is 
equipment grounding conductor must generally 
be installed with the feeder conductors. �e equip-
ment grounding conductor must be connected to 

Figure 14.27. Feeder to swimming pool panelboard
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an equipment-grounding terminal of the panel-
board [NEC 680.25(B) or IRC E4205.6].

Where installed in noncorrosive environments 
such as on or inside the dwelling unit, feeders 
would simply need to comply with the general re-
quirements in NEC Chapter 3 or IRC Chapter 38 
A feeder installed in a noncorrosive environment 
would also need to contain an equipment ground-
ing conductor, but this equipment grounding 
conductor would not be required to be insulated 
or copper necessarily [NEC 680.25(A) or IRC 
E4205.6].

Swimming Pool Panelboards in 
ther uildings

Grounding at the disconnecting means for a re-
mote building(s) or structure(s) is covered in 
Chapter 15 of this text where the methods for 
complying with the Code rules are reviewed [NEC 
250.32(B) or IRC E3607.3]. At a separate building 
or structure, an equipment grounding conductor 
must be installed with the supply conductors and 
be connected to the building or structure discon-
necting means and to the established grounding 
electrode(s) at the separate building or structure. 
�is equipment grounding conductor is used for 
grounding or bonding of equipment, structures, or 
frames of appliances required to be grounded or 

bonded at the separate building or struc-
ture. Any installed grounded conductor 
to the separate building or structure must 
be isolated from and is not permitted to 
be connected to the equipment ground-
ing conductor terminal bar or to the 
grounding electrode(s). �e equipment 
grounding conductor that is run with the 
feeder must be insulated (if installed in 
a corrosive environment) and connected 
to the equipment-grounding terminal of 
the panelboard at the separate building 
or structure. �is requirement prevents 
connecting the neutral conductor and 
equipment grounding conductor togeth-
er in parallel at the separate building or 

structure.
For installations made in compliance with previ-

ous editions of this Code that permitted such con-
nection (existing installations only), the grounded 
(neutral) conductor run with the supply conduc-
tors to the separate building or structure is per-
mitted to be connected to the building or structure 
disconnecting means and to the grounding elec-
trode(s) and can be used for grounding or bond-
ing of equipment, structures, or frames required 
to be grounded or bonded. As stated above, this 
situation would normally require an equipment 
grounding conductor for this purpose for anything 
other than an existing installation with an existing 
feeder with no equipment grounding conductor.

Even in existing installations, specific conditions 
must be employed before the grounded (neutral) 
conductor can be used for grounding at the separate 
building or structure. One of these conditions is that 
no equipment grounding conductor has been run 
with the supply to the existing building or structure. 
Grounding the neutral conductor is permitted only 
where there are no continuous metallic paths of any 
kind between the two buildings. Common metallic 
water pipe, metallic gas piping, CATV cable shields 
and telephone grounding conductors are examples 
of potential shared metallic paths. A third condi-
tion involves ground-fault protection of equipment 
that has not been installed on the supply side of the 

Figure 1 .2  Pool equipment panelboard located at second building 
requires EGC installed to second building
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feeder(s). Ground-fault protection of equipment is 
a rare condition for the dwelling unit environment 
[NEC 680.25(A), 250.32(B)(1) or IRC E4205.6, 
E3607.3].

Other Types of Equipment 
perated Around Permanently 

Installed Pools

Electrically Operated Pool Covers
for Permanently Installed Pools
An electrically operated pool cover is a piece of 

motor-driven equipment specifically designed to 
cover and uncover the water surface of a pool by 
means of a flexible sheet or rigid frame.

Electric motors, controllers and wiring general-
ly must be located at least 1.5 m (5 ft) from the 
inside wall of the pool. �ey are permitted to be 
at a lesser distance where separated from the pool 
by a permanent barrier such as a wall or cover. 
�e device that controls the operation of the cov-
er motor must be located such that the operator 
has a complete view of the pool. Electric motors 
must be of the totally enclosed type where they are 
installed below grade level. Motors that are part 
of listed systems with ratings not exceeding the 
low-voltage contact limit and supplied by listed 
transformers or power supplies [complying with 
NEC 680.23(A)(2) or IRC E4206.1] are permit-
ted to be located less than 1.5 m (5 ft) from the 
inside walls of the pool.

�e branch circuit that supplies the electric mo-
tor and controller is required to be protected by a 
ground-fault circuit interrupter unless the motor 
is part of a listed systems with ratings not exceed-
ing the low-voltage contact limits supplied by list-
ed transformers or power supplies that complies 
with NEC 680.23(A)(2) or IRC E4206.1 [NEC 
680.27(B)(1) and (2) or IRC E4206.11].

Pool Area Heating and Deck Area Heating 
for Permanently Installed Pools
All permanently installed pool deck areas, in-

cluding a covered pool, where electrically operated 

comfort heating units are to be installed within 
6.0 m (20 ft) of the inside wall of the pool must 
comply with the following requirements:

1. Unit heaters must be of the totally enclosed 
or guarded type and are to be rigidly mount-
ed to the structure. Unit heaters cannot be 
mounted over the pool or within the area 
extending 1.5 m (5 ft) horizontally from the 
inside walls of a pool.

2. Permanently wired radiant heaters must be 
properly guarded and securely fastened to 
the heater mounting device(s). A perma-
nently wired radiant heater is not permitted 
to be installed over a pool or within the area 
extending 1.5 m (5 ft) horizontally from the 
inside walls of the pool. �is type of heat-
er must be mounted at least 3.7 m (12 ft) 
vertically above the pool deck, unless it is 
otherwise specifically approved for a lower 
height.

3. Radiant heating cables are not permitted 
to be embedded in or below the pool deck 
[NEC 680.27(C) or IRC E4206.13].

4. As discussed earlier in this chapter, branch 
circuits or feeders that serve gas-fired swim-
ming pool and spa water heaters that will 
operate at voltages above the low-voltage 
contact limit are required to be provided 
with ground-fault circuit-interrupter pro-
tection for personnel (NEC 680.28).

Low-Voltage Gas-Fired 
uminaires  Decorati e 

Fireplaces  Fire Pits  and Similar 
Equipment
Listed low-voltage gas-fired luminaires, decorative 
fireplaces, fire pits, and similar equipment using 
low-voltage ignitors are permitted to be located 
less than 1.5 m (5 ft) from the inside walls of the 
pool. �ese types of gas-fired units do not require 
grounding and are supplied by listed transformers 
or power supplies with outputs that do not exceed 
the low-voltage contact limit. �ese transform-
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ers or power supplies must comply with NEC 
680.23(A)(2) or IRC E4206.1, which demands 
that the transformers or power supplies used to 
supply underwater luminaires be listed, labeled, 
and identified for swimming pool and spa use. 
�ese transformers or power supplies must also 
incorporate a transformer of the isolated winding 
type with an ungrounded secondary that has a 
grounded metal barrier between the primary and 
secondary windings or one that incorporates an 
approved system of double insulation between the 
primary and secondary windings. Junction boxes 
and electrical enclosures for these transformers or 
power supplies supplying this type of equipment 
is required to comply with the provisions of NEC 
680.24 or IRC E4206.1.

Metallic equipment associated with such listed 
low-voltage gas-fired units must be bonded to the 
equipotential bonding grid in accordance with NEC 

680.26(B) or IRC E4204.2. Any metallic gas piping 
for this type of units must be bonded in accordance 
with the requirements in NEC 250.104(B) or IRC 
E3609.7 (bonding of other metal piping) and NEC 
680.26(B)(7) or IRC E4204.2(7) (bonding of fixed 
metal parts). See requirements of NEC 680.22(B)
(7) or IRC E4203.4.7

Storable Pools  Storable Spas  
and Storable ot Tubs
A storable swimming, wading, or immersion pool; 
or storable/portable spa and hot tub by definition 
is one capable of holding water to a maximum 
depth of 1.0 m (42 in.). A pool, spa or hot tub 
with a nonmetallic, molded polymeric or inflat-
able fabric wall, regardless of its dimensions, is 
generally considered to be a storable pool, spa, 
or hot tub constructed on or above the ground as 
well. �e rules for a permanently installed pool are 
not applied to a storable pool unless specifically 
referenced in the Code. It is critical for both the 
installer and the AHJ to apply the definitions and 
to know the difference between a permanently in-
stalled pool and a storable pool before applying 
the Code rule to either or both types of pools.

Pump otors for Storable Pools  
Storable Spas  or Storable ot 
Tubs
A cord-connected pool filter pump motor, used 
for a storable pool, storable spa, or storable hot tub 
must incorporate an approved system of double 
insulation or its equivalent. �is equipment must 
be provided with a means for grounding only the 
internal and nonaccessible, non–current-carrying 
metal parts of the appliance.

�e means for grounding must be by an equip-
ment grounding conductor that is run with the pow-
er-supply conductors within the flexible cord. �is 
equipment grounding conductor must be properly 
terminated in a grounding-type attachment plug 
having a fixed grounding contact member.

Cord-connected pool pumps for storable pools 

Photo 1 .21. ow- oltage decorati e fire displays within 1.5 
m (5 ft) from the inside walls of a pool

Photo 1 .22. Typical storable pool
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must have ground-fault circuit-inter-
rupter protection that is an integral part 
of the attachment plug or located in the 
power supply cord within 300 mm (12 
in.) of the attachment plug.

Listed pump motors for storable 
swimming pools, storable spas, and stor-
able hot tubs are permitted to have a 
minimum 7.5 m (25 ft) supply cord. �e 
product safety standard for storable pool 
pumps, UL 1081 (Standard for Swim-
ming Pool Pumps, Filters, and Chlori-
nators) along with the UL Product Spec 
(formally UL White Book) (Category 
WCSX), requires that they be marked 
with the word “CAUTION” and the 
following or equivalent statement: “�is 
Pump Is for Use with Storable Pools 
Only — Do Not Use with Permanent-
ly-Installed Pools.” 

Some swimming pool pump motors 
have 900 mm (3 ft) supply cords. �ese 
pump motors are not intended to be 
used for storable pools but are intended 
for permanent connection only. �ey are 
required to be marked with the word 
“CAUTION” and the following or 
equivalent statement: “�is Pump Is for 
Use with Permanently Installed Pools 
Only — Do Not Use with Storable 
Pools.” An extension cord should never 
be used for a storable pool, storable spa, 
or storable hot tub pump motor.

All electric equipment, including power-sup-
ply cords, used with storable pools, storable spas, 
and storable hot tubs is required to be protected 
by ground-fault circuit interrupters. All 125-volt, 
15- and 20-ampere receptacles located within 6.0 
m (20 ft) of the inside walls of a storable pool, 
storable spa, or storable hot tub must be GF-
CI-protected. �is measurement is made by tak-
ing the shortest path an extension or supply cord 
connected to the receptacle would follow without 
piercing a wall, floor, ceiling, doorway with hinged 
or sliding door, window opening or other effective 

Figure 14.29. Access is required for hydromassage bathtub motors 
and associated electrical equipment

Figure 1 . 0. eceptacle outlet requirements at storable pools  
storable spas  or storable hot tubs

permanent barrier (NEC 680.31 and 680.32 or 
IRC E4207.1 and E4207.2).

uminaires for Storable Pools  
Storable Spas  or Storable ot 
Tubs
A luminaire installed in or on the wall of a storable 
pool, storable spa, or storable hot tub must be part 
of a cord- and plug-connected lighting assembly 
where the luminaire operates within the low volt-
age contact limits. A lighting assembly operating 
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at over the low voltage contact limits (without a 
transformer or power supply) and with the lu-
minaire lamp(s) operating at not over 150 volts 
shall be permitted to be cord-and-plug-connected 
where the assembly is listed as an assembly for the 
purpose. �ese are typically a through-wall light-
ing assembly. �ere are two types. �e first type of 
luminaire operates within the low-voltage contact 
limit. �is assembly is required to have:

1. no exposed metal parts;
2. a luminaire that is suitable for use at the 

supplied voltage;
3. an impact-resistant polymeric lens, lumi-

naire body, and transformer enclosure;
4. a transformer of power supply with a prima-

ry rating not over 150 volts; and
5. be listed as a portable pool luminaire  

assembly.

�e second type of luminaire is permitted to 
operate over the low-voltage contact limit but not 
over 150 volts. �is type of assembly is required 
to have:

1. no exposed metal parts;
2. luminaire body and lens made from an im-

pact resistant polymeric;
3. a ground-fault circuit interrupter with open 

neutral conductor protection provided as an 
integral part of the assembly;

4. a luminaire lamp permanently connected 
to the ground-fault circuit interrupter with 
open-neutral protection;

5. luminaire that meets the requirements for 
underwater luminaires for permanently 
installed pools (GFCI protection, lamping 
and relamping and servicing requirements, 
voltage limitations, wall mounting loca-
tions, etc.); and

6. be listed as a portable pool luminaire assembly.

See NEC 680.33 and 680.23(A) or IRC E4207.3 
and E4206.1 for Code requirements for luminaires 
for storable pools, storable spas, and storable hot tubs.

Receptacle Locations for 
Storable Pools  Storable Spas  
or Storable ot Tubs
Receptacles shall not be located within 1.83 m (6 
ft) of the inside walls of a storable pool, storable 
spa, or storable hot tub. �is measurement is made 
by taking the shortest path an extension or sup-
ply cord connected to the receptacle would follow 
without piercing a wall, floor, ceiling, doorway 
with hinged or sliding door, window opening or 
other effective permanent barrier.

It should be noted that unlike with permanent-
ly installed pools, a 125-volt, 15- or 20-ampere 
receptacle outlet that is required to be located 
1.83 m (6 ft) to 2.0 m (20 ft) from a permanently 
installed pool is not required for a storable pool 
[NEC 680.34 or IRC E4207.4].

Spas  ot Tubs and quipment 
Assemblies
Definitions for spa or hot tub, self-contained spa 
or hot tub, and for packaged spa or hot tub equip-
ment assembly are provided in the Code at NEC 
680.2 or IRC E4201.2. Generally, a spa or hot tub 
is not designed, or intended, to have its contents 
drained or discharged after each use. Hot tubs are 
usually self-contained units that sit on the ground 
or a platform; and spas may be self-contained units 
that sit on the ground or a platform and are often 
referred to as “portable spas,” or are built into the 
ground. Spas and hot tubs installed indoors are 
required to comply with Part I (general) and Part 
IV (spas and hot tubs) of Article 680 of the NEC. 
Spas and hot tubs installed outdoors are typically 
required to comply with Part I and Part II (perma-
nently installed pools) of Article 680 of the NEC.

Emergency Switch for Spas and Hot Tubs
An emergency switch is not required for a spa or 

a hot tub associated with a single-family dwelling. 
�is would be a requirement for an installation 
at a two-family dwelling and other non-dwelling 
unit installations such as hotels. Spas and hot tubs 
are required to be provided with an emergency 
shut-off switch, which may be a control switch. 
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�is switch is required to stop the pump 
motor(s) that provide power to the recir-
culation and jet system. �e switch must 
be clearly labeled and readily accessible 
to the users of the spa or tub and be lo-
cated at least 1.5 m (5 ft) away but adja-
cent to and within sight of the spa or hot 
tub. �is requirement provides a means 
to quickly shut off the pump motor(s). 
Should a user become stuck to the suc-
tion opening of the circulation system, 
other individuals have the capability of 
stopping the pump(s) (NEC 680.41 or 
IRC E4208.4).

Spa or Hot Tub Installed Outdoors
Spas or hot tubs installed outdoors 

must generally comply with the provi-
sions of the Code that apply to perma-
nently installed pools. �is significant 
requirement basically means that all the 
rules for receptacles, luminaires, ground-
ing and bonding that apply to a per-
manently installed swimming pool also 
apply to spas and hot tubs that are in-
stalled outdoors. Two alternatives to this 
general rule allow for a listed packaged 
units utilizing a factory-installed remote 
panelboard to be connected with liquid-
tight flexible metal conduit or liquidtight 
flexible nonmetallic conduit installed per 
its listing and the manufactures specifi-
cations to the spa or hot tub enclosure. �e other 
alternative permits a listed packaged units to be 
cord- and plug-connected with a cord not longer 
than 4.6 m (15 ft) when protected by a ground-
fault circuit interrupter (NEC 680.42(A)(1) and 
(A)(2) or IRC E4202.2 and Table E4202.1).

Self-contained spas typically have a control 
panel or panelboard contained in the control and 
heating equipment that is installed under the skirt 
of the spa. �e Code simplifies the electrical con-
nection of the spa where it is wired with an un-
derground conduit as it permits liquidtight flex-
ible conduit to be used for the connection. Both 

liquidtight flexible metal and nonmetallic conduit 
are permitted for this use.

Bonding for outdoor spas and hot tubs may be 
accomplished by the metal-to-metal connection 
to a common frame or base. Other conductive 
elements would have to be bonded using the tech-
niques required for outdoor pools as described 
at NEC 680.26(B) or IRC E4204.1 through 
E4204.3. �e metal bands or hoops used to secure 
the wooden staves of a hot tub are not required 
to be bonded by an equipotential bonding grid. 
�e equipotential bonding requirements for pe-
rimeter surfaces of a permanently installed pool 

Figure 14.31. LFMC and LFNC permitted as wiring methods to listed 
pac aged spas or hot tubs

Figure 1 . 2. onding requirements for outdoor spas and hot tubs
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shall not apply to a listed self-contained spa or 
hot tub installed for aboveground use. �e spa or 
hot tub must also not be identified as suitable only 
for indoor use. �is type of installation must be 
in accordance with the manufacturer’s instructions 
and shall be located on or above grade. To avoid 
the equipotential bonding grid of a permanently 
installed pool, the top rim of the spa or hot tub 
must be at least 710 mm (28 in.) above all perime-
ter surfaces that are within 760 mm (30 in.), mea-
sured horizontally from the spa or hot tub. �e 
height of nonconductive external steps for entry 
to or exit from the self-contained spa shall not be 
used to reduce or increase this rim height mea-
surement [NEC 680.42(B) and IRC E4204.4 and 
E4204.2(2) Exception No. 1].

Spa or Hot Tub Installed Indoors
Spas or hot tubs installed indoors must con-

form to the requirements of NEC Article 680, 
Parts I and II, except as specifically modified by 
NEC 680.43. �ey are permitted to be connected 
by any of the general wiring methods in Chap-
ter 3 of NEC or Chapter 38 of the IRC. Where 
rated at 20 amperes or less, listed packaged units 
are permitted to be cord- and plug-connected to 
facilitate their removal or disconnection for main-
tenance and repair.

�is is significantly different from the limited 

types of wiring methods permitted for 
use with spas and hot tubs installed out-
doors. In addition, some of the require-
ments for indoor spas and hot tubs may 
overlap with those in other sections of 
the Code. For example, the Code requires 
that all 125-volt, 15- or 20-ampere re-
ceptacles in bathrooms have GFCI 
protection. For spas and hot tubs, the 
Code requires GFCI protection only for 
those receptacles that are located with-
in 3.0 m (10 ft) of the inside walls of a 
spa or hot tub. If a spa or hot tub is in-
stalled in a bathroom, compliance with 
the more stringent GFCI requirements 
of the bathroom would be enforced 

(NEC 680.43 or IRC E4202.3(4), E4203.1.5, 
E4203.1.6).

Receptacles in the Vicinity of 
Indoor Spas or ot Tubs
At least one 125-volt, 15- or 20-ampere rated re-
ceptacle is required to be located not less than 1.83 
m (6 ft) and not more than 3.0 m (10 ft) from the 
inside wall of an indoor spa or hot tub.

Receptacles installed to comply with wall-spac-
ing requirements (existing or new) in the dwelling 
unit must be located at least 1.83 m (6 ft) away 
from the inside walls of an indoor spa or hot tub. 
Receptacles rated at 125 volts and 30 amperes or 
less located within 3.0 m (10 ft) of the inside walls 
of an indoor spa or hot tub must be protected by a 
ground-fault circuit interrupter.

�e distances given in this rule must be the 
shortest path the supply cord of an appliance 
connected to the receptacle would follow without 
piercing a floor, wall, ceiling, doorway with hinged 
or sliding door, window opening, or other effective 
permanent barrier.

Receptacles that provide power for a spa or hot 
tub that is cord- and plug-connected must also 
be protected by a ground-fault circuit interrupter 
[NEC 680.43(A)(1), (2), (3), (4) or IRC E4203.1, 
E4203.1.5 and E4203.1.6].

Figure 14.33. Receptacle and switch requirements for indoor spas and 
hot tubs
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Wall Switches in the Vicinity of 
Indoor Spas or ot Tubs
Wall switches are required to be located at least 1.5 
m (5 ft), measured horizontally, from the inside 
walls of an indoor spa or hot tub [NEC 680.43(C) 
or IRC E4203.2].

uminaires  ighting utlets  and 
Ceiling-Suspended Fans Near 
Indoor Spas or ot Tubs
Luminaires, lighting outlets and ceiling-suspend-
ed (paddle) fans located over an indoor spa or hot 
tub, or within 1.5 m (5 ft) from the inside walls of 

an indoor spa or hot tub, are generally 
required to be not less than 2.3 m (7 ft 6 
in.) above the maximum water level and 
must be protected by a ground-fault cir-
cuit interrupter.

Luminaires, lighting outlets and ceil-
ing fans located 3.0 m (12 ft) or more 
above the maximum water level are not 
required to be protected by a ground-
fault circuit interrupter.

Where protected by a ground-fault 
circuit interrupter, luminaires are per-
mitted to be installed less than 2.3 m (7 
ft 6 in.) over an indoor spa or hot tub if 
they are either of the following types:

1. recessed luminaires with a glass or plastic 
lens and a nonmetallic or electrically iso-
lated metal trim, suitable for use in damp 
locations; or

2. surface-mounted luminaires with a glass 
or plastic globe and a nonmetallic body or 
a metallic body isolated from contact. Such 
luminaires are required to be suitable for use 
in damp locations [NEC 680.43(B)(1) or 
IRC E4203.4.5].

Underwater luminaires for spas and hot tubs are 
required to be installed to meet the same require-
ments for those underwater luminaires installed in 
permanently installed pools [NEC 680.43(B)(2); 
680.23 or 680.33; or IRC E4206.4].

onding of Indoor Spas and ot 
Tubs
�e following metal parts of an indoor spa or hot 
tub are required to be bonded together:

1. all metal fittings within or attached to the 
spa or hot tub structure (excluding small 
conductive surfaces not likely to become 
energized);

2. metal parts of any electric equipment as-
sociated with the spa or hot tub water cir-

Figure 14.34. GFCI and mounting height requirements for luminaire 
and ceiling fan for indoor spas and hot tubs

Photo 2 . Typical storable hot tub
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not connected to metallic piping, towel 
bars, mirror frames or similar non-elec-
trical equipment, need not be bonded.
5. electrical devices and controls not 

associated with the spas or hot tubs 
that are located less than 1.5 m (5 
ft) away from such units or are re-
quired to be bonded to the spa or 
hot tub system [NEC 680.43(D) or 
IRC E4204.5].

Methods of onding Indoor 
Spas and ot Tubs
All metal parts associated with an indoor 
spa or hot tub must be bonded by any of 

the following methods:

1. interconnection of threaded metal piping 
and fittings; 

2. metal-to-metal mounting on a common 
frame or base; or

3. an insulated, covered, or bare 8 AWG solid 
copper bonding jumper [NEC 680.43(E) or 
IRC E4204.5.1].

Grounding of Indoor Spas and 
ot Tubs

Equipment associated with an indoor spa or hot 
tub is required to be grounded. �is includes all 
electric equipment located within 1.5 m (5 ft) 
of the inside wall of the spa or hot tub and also 
electric equipment associated with the circulating 
system of the spa or hot tub [NEC 680.43(F) or 
IRC E4205.1].

Methods of Grounding Indoor 
Spas and ot Tubs
�e Code requires all electric equipment associ-
ated with hot tubs and spas to be grounded and 
to be connected by the general wiring methods. 
Grounding and bonding terminals are to be iden-
tified for use in wet and corrosive environments. 

Figure 14.35. Recessed and surface-mounted luminaire requirements 
for indoor spas and hot tubs

Photo 1 .2 . Indoor spas and hot tubs ha e their own rules 
for receptacles  switches  luminaires  and bonding and 
grounding

culating system, including pump motors, 
unless part of a listed, labeled, and identified 
self-contained spa or hot tub;

3. metal raceway and metal piping located 
within 1.5 m (5 ft) of the inside walls of the 
spa or hot tub and not separated from the 
spa or hot tub by a permanent barrier; and

4. all metal surfaces located within 1.5 m (5 ft) 
of the inside walls of a spa or hot tub and not 
separated from the spa or hot tub area by a 
permanent barrier. Small conductive surfac-
es not likely to become energized, such as 
air and water jets and drain fittings, where 
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Field-installed grounding and bonding connec-
tions in a damp, wet, or corrosive environment 
must be composed of copper, copper alloy, or 
stainless steel. �ese terminals will also need to 
be listed for direct burial use where appropriate 
as well. Listed packaged spa or hot tub equip-
ment assemblies or self-contained spas or hot tubs 
utilizing a factory-installed or assembled control 
panel or panelboard are permitted to use flexible 
connections such as a flexible cord. As stated ear-
lier for spas and hot tubs, cord-and-plug connec-
tions with a cord not longer than 4.6 m (15 ft) is 

permitted where protected by a ground-
fault circuit interrupter. Where a spa or 
hot tub is connected with a flexible cord, 
the equipment grounding conductor 
must be connected to a fixed metal part 
of the assembly [NEC 680.7, 680.8(C), 
680.42(A) or IRC E4202.3, E4205.7, 
E4205.9].

lectric ater eaters for 
Indoor Spas or ot Tubs
All electric spa or hot tub water heaters 
are required to be listed. �eir heating 
elements must be subdivided into loads 
not exceeding 48 amperes and cannot 
be protected at more than 60 amperes. 
�e ampacity of the branch-circuit 
conductors and the rating or setting of 
overcurrent protective devices cannot be 
less than 125% of the total load of the 
marked nameplate rating (NEC 680.43, 
680.10 or IRC E4208.2).

Ground-Fault Circuit-
interrupter Protection of 
Spas and ot Tubs
Outlet(s) that supply spas or hot tubs 
are generally required to be protected by 
a ground-fault circuit interrupter. �is 
requirement applies to a self-contained 
spa or hot tub, a packaged spa or hot tub 

equipment assembly, and a field-installed spa or 
hot tub with a heater load of 50 amperes or less 
(NEC 680.44 or IRC E4208.1).

Both indoor and outdoor installations require 
GFCI protection. GFCI protection may be pro-
vided at the receptacle outlet, by a GFCI circuit 
breaker, or a self-contained GFCI receptacle or 
device.

�e Code excludes those units from the field-sup-
plied GFCI protection at the outlet where a listed 
self-contained unit or a listed packaged equip-
ment assembly is marked to indicate that GFCI 

Figure 14.36. Ground-fault circuit-interrupter protection is required for 
spas and hot tubs

Figure 14.37. GFCI protection required for hydromassage bathtub
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protection is integral to the equipment 
and protects all electrical parts within 
the unit or assembly. (Some examples 
of electrical parts that are required to be 
protected are: pumps, air blowers, heat-
ers, lights, controls, and sanitizer gener-
ator wiring.) It is essential to check for 
proper GFCI protection at the time the 
unit is connected in the field. Accessory 
parts may have been added after factory 
assembly.

�e electrical equipment for a combi-
nation pool/hot tub or spa assembly that 
is commonly bonded is not required to 
have separate GFCI protection for the 
spa or hot tub. �ese units are typically 
in-ground combination pools and spas 
that have a common bonding grid, water 
circulation system, and GFCI protection.

ydromassage athtubs 
in Dwelling Units
Hydromassage bathtubs are required to 
comply with Part VII of NEC Article 
680 only. �ey are not required to com-
ply with other parts of the article, such 
as Part I (General Requirements) as do 
permanently installed pools or spas and 
hot tubs. �e general requirements for 
hydromassage bath tubs are addressed at 
Section E4209 in the IRC. A hydromas-
sage bathtub is a permanently installed 
bathtub that is equipped with a system 
to circulate the bath water. �e tub is 
installed with permanent supply and drain con-
nection to the dwelling’s plumbing system. It is 
designed so it can accept, circulate, and discharge 
water upon each use. Electric equipment, such as 
luminaires, switches, receptacles and other elec-
tric equipment, located in the same room and not 
directly associated with a hydromassage bathtub, 
is required to be installed in accordance with the 
general rules of the NEC Chapters 1–4, covering 
the installation of that type of equipment located 

in bathrooms (NEC 680.72 or IRC E4209.3).
Since a hydromassage bathtub must also comply 

with the general rules for standard bathtubs, the 
rules in the Code for equipment in the tub area 
would be applicable. �ese general rules prohibit 
any part of cord-connected luminaires, chain-, ca-
ble-, or cord-suspended luminaires, lighting track, 
pendants or ceiling-suspended (paddle) fans from 
being located within a zone measured 900 mm (3 
ft) horizontally and 2.5 m (8 ft) vertically from 

Figure 14.38. Access is required for hydromassage bathtub motors 
and associated electrical equipment

Figure 14.39. Metal water piping and metal parts associated with the 
hydromassage bathtub are required to be bonded together with an 8 
AWG solid copper conductor
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Figure 1 . 0. onding pro isions must be made for non-double-
insulated hydromassage replacement motors

the top of the hydromassage bathtub 
rim. Luminaires located within this zone 
have to be listed for damp locations or 
wet locations if subject to shower spray. 
[NEC 410.10(D) or IRC E4003.11].

Hydromassage bathtubs and their 
associated electric components are re-
quired to be on an individual branch 
circuit(s) (branch circuit that sup-
plies only one utilization equipment) 
and protected by a readily accessible 
ground-fault circuit interrupter. �is 
means that the GFCI device, such as 
a GFCI receptacle, cannot be located 
under the tub skirt, which would render 
this GFCI device “not readily acces-

sible.” GFCI protection is required for all 125-
volt, single-phase, 15-, 20-, and 30-ampere rated 
receptacles within 1.83 m (6 ft) of the hydro-
massage bathtub. �is requirement covers those 
receptacles not otherwise covered in the Code for 
dwelling unit bathrooms (NEC 680.71 or IRC 
E4209.2).

Access to ydromassage 
athtub quipment

Electrical equipment (including air and water 
pump motors) associated with the tub is required 
to be accessible without damage to the building 
structure or finish. If the tub skirt is going to be 
used as the access, this would prohibit the skirt 
from being permanently cemented or sealed in 
place. Caulking would be permitted. Sufficient 
access to internal parts such as the pump, pump 
motor, heater, or control panel is required. Dimen-
sions and location of the access opening may be 
part of the installation instructions or the local 
building code. Where the hydromassage bathtub 
is cord- and plug-connected, along with the sup-
ply receptacle installed under the tub skirt and ac-
cessible only through a service access opening, the 
receptacle shall be installed so that its face is with-
in direct view and not more than 300 mm (1 ft) 
from the opening (NEC 680.73 or IRC E4209.4).

Photo 1 .26. Typical hydromassage bathtub at rough-in 
stage  showing the solid copper bonding umper

Photo 1 .25. Access is required to hydromassage bathtub 
electrical equipment
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sage tub required to be bonded are required to be 
bonded together using a minimum size bonding 
jumper of 8 AWG consisting of a solid copper 
conductor. �is bonding jumper may be insu-
lated, covered or bare. �e bonding jumper is 
intended to bond together the various non−cur-
rent-carrying conductive parts that make up the 
tub assembly. In all installations (including the 
use of a double-insulated motor) a means must 
be provided for grounding internal, nonaccessible, 
non−current-carrying  metal parts. �is is typically 
achieved by the equipment grounding conductor 
of the branch circuit for the double-insulated mo-
tor. In the event of a replacement motor that is not 
double-insulated, this required bonding jumper in-
stalled long enough to terminate on a replacement 
non−double-insulated pump motor will serve as 
a means for bonding. �is bonding jumper is to 
be terminated to the equipment grounding con-
ductor of the branch circuit of the motor when a 
double-insulated circulating pump motor is used. 
�e purpose of the 8 AWG or larger solid copper 
bonding jumper is for equipotential bonding in 
the area of the hydromassage bathtub, and it is not 
required to be extended or attached to any remote 
panelboard, service equipment, or any grounding 
electrode. (NEC 680.74(B) or IRC E4209.6).

Photo 1 .27. onding of metal water piping associated 
with hydromassage bathtubs Photo 1 .2 . etal parts of electrical equipment  metal 

piping systems  and pump motors associated with 
hydromassage bathtubs are required to be bonded 
togetheronding for ydromassage 

athtubs
�e Code required the following parts associated 
with a hydromassage bathtub to be bonded to-
gether: all metal fittings within or attached to the 
tub structure that are in contact with the circulat-
ing water, any metal parts of electrical equipment 
associated with the tub water circulating system 
(pump and blower motors, etc.). Also required to 
be bonded with these parts are all metal-sheathed 
cables, raceways, metal piping, and all exposed 
metal surfaces (not separated from the tub by a 
permanent barrier), electrical devices and controls 
that are not associated with the hydromassage tubs 
and that are located within 1.5 m (5 ft) from such 
units [NEC 680.74(A) or IRC E4209.5].

An exception permits small conductive surfac-
es not likely to become energized for the above 
mentioned bonding requirement. �is would in-
clude such things as air and water jets, supply valve 
assemblies, drain fittings not connected to metal-
lic piping, towel bars, mirror frames, and similar 
nonelectrical equipment not connected to metal 
framing of the hydromassage tub.  Exception No. 
2: Double-insulated motors and blowers are also 
exempt from bonding requirements for hydro-
massage tubs [NEC 680.74(A) Ex. No. 1 and Ex. 
No. 2 or IRC E4209.5 Ex. No. 1 and Ex. No. 2].

All metal parts associated with a hydromas-
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Figure 1 . 1. quipment grounding conductor connections and permitted wiring methods from ser ice 
equipment to pool equipment
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Product Safety Standard 
Requirements
It is recommended that the following electrical 
product safety guide card information and prod-
uct safety standards be consulted for additional 
guidance on the proper installation, operation and 
use of electrical equipment covered in this chap-
ter. �e four-letter code in parentheses refers to 
the product category in the Underwriters Labo-
ratories (UL) Product Spec (formally UL White 
Book). 

• Electrical Equipment for Use in Ordinary  
Locations (AALZ)

• Flexible Metal Conduit (DXUZ)
• Flexible Metal Conduit, Liquid-tight 

(DXHR)
• Flexible Nonmetallic Conduit,  Liquid-tight 

(DXOQ)
• Flexible Cord (ZJCZ)
• Intermediate Ferrous Metal Conduit 

(DYBY)
• Rigid Ferrous Metal Conduit (DYIX)
• Rigid Nonferrous Metallic Conduit 

(DYWV)
• Rigid Nonmetallic PVC Conduit (DZYR)
• Electrical Metallic Tubing (FJMX)
• Electrical Metallic Tubing Fittings (FKAV)
• Electrical Nonmetallic Tubing (FKHU)
• Electrical Nonmetallic Tubing Fittings
• (FKKY)
• Submersible Luminaires (IFEV)
• Ground-Fault Circuit Interrupters (KCXS)
• Grounding and Bonding Equipment 

(KDER)
• Panelboards (QEUY)
• Swimming Pool and Spa Equipment 

(WABX)
• Blowers, Swimming Pool and Spa Equip-

ment (WAGN)
• Controls, Swimming Pool and Spa Equip-

ment (WAWU)
• Luminaires and Forming Shells (WBDT)
• Heaters, Swimming Pool and Spa Equip-

ment  (WBRR)

• Hot Tub and Spa Equipment Assemblies   
(WBYQ)

• Junction Boxes, Swimming Pool and Spa   
Equipment (WCEZ)

• Ozone Generators, Swimming Pool and 
Spa Equipment (WCKA)

• Potting Compounds, Swimming Pool and    
Spa  Equipment (WCRY)

• Pumps, Swimming Pool and Spa Equip-
ment (WCSX)

• Self-Contained Spas (WCZW)
• Swimming Pool and Spa Transformers  

(WDGV)
• Water Treatment Equipment (WDLC)
• Wire, �ermoset-Insulated (ZKST)
• Wire, �ermoplastic-Insulated (ZLGR)

References
1National Electrical Code and NEC are registered trademarks of 

the National Fire Protection Association, Inc., Quincy, MA 02169. 

�is reprinted material is not the official position of the National Fire 

Protection Association, which is represented only by the standard in 

its entirety.

2International Residential Code for One- and Two-Family 

Dwellings (2018). Copyright © International Code Council, Inc., 

February 2017.

 3Underwriters Laboratories Inc. (UL), Northbrook, IL. UL 

Product Spec (formally UL White Book) unless indicated otherwise.
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Questions
1. A low-voltage contact limit is a voltage not 

exceeding which of the following values:

A. 15 volts (RMS) for sinusoidal ac and 
 21.2 volts peak for nonsinusoidal ac
B. 30 volts for continuous dc
C. 12.4 volts peak for dc that is interrupted   

 at a rate of 10 to 200 Hz
D. All of the above

2. �e maximum voltage between conductors 
supplying current to a luminaire installed below a 
pool surface is _____ volts.

A. 120
B. 150
C. 208
D. 250

3. A junction box connected to a conduit that 
extends directly to a forming shell must be pro-
vided with a number of grounding terminals that 
must be at least ____ more than the number of 
conduit entries.

A. One
B. Two
C. �ree
D. Four

4. For permanently installed swimming pools, 
which of the following statements is NOT true 
about GFCI protection of luminaires or ceiling 
fans installed around pools?

A. Luminaires installed more than 3.7 m  
 (12 ft) above the pool are not required to  
 have GFCI protection.

B.  Existing luminaires installed between  
 1.5 m and 3.0 m (5 ft and 10 ft) above the 
 pool and less than 1.5 m (5 ft) from the  
 pool do not require GFCI protection.

C. Ceiling fans installed more than 2.3 m 
 (7 ft 6 in.) above an indoor pool do not  
 require GFCI protection.

D. Luminaires installed in the area extending  
 between 1.5 m (5 ft) and 3.0 m (10 ft)  
 horizontally and not less than 1.5 m  
 (5 ft) above the maximum water level and 
 rigidly attached to the structure adjacent  
 to or enclosing the pool, do not require  
 GFCI protection.

5. A flush deck box is permitted for an underwa-
ter pool luminaire operating on a lighting system 
at the low-voltage lighting system or less.

True _____ False _____

6. Which one of the following is the minimum 
size bonding conductor permitted to be used for 
equipotential bonding at a permanently installed 
swimming pool installation?

A.  8 AWG stranded copper conductor
B.  8 AWG solid copper conductor
C.  6 AWG solid copper conductor
D.  4 AWG stranded copper conductor
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7. A storable swimming or wading pool is con-
structed on or above the ground and is capable of 
holding water to a maximum depth of what di-
mension?

A.  450 mm (18 in.)
B.  900 mm (36 in.)
C.  1.0 m (42 in.)
D.  1.2 m (48 in.)

8. Wall switches are required to be located at 
least what distance, measured horizontally, from 
the inside walls of a hot tub?

A. 900 mm (3 ft)
B. 1.2 m (4 ft)
C. 1.5 m (5 ft)
D. 3.0 m (10 ft)

9. Receptacles that do not supply power to a 
water-pump motor are required to be located at 
least what distance from the inside walls of a per-
manently installed swimming pool?

A. 1.5 m (5 ft)
B. 1.83 m (6 ft)
C. 3.0 m (10 ft)
D. 6.0 m (20 ft)

10. �e specified parts of the equipotential 
bonding grid for a permanently installed pool can 
be bonded together using solid copper conduc-
tor(s) not smaller than ____ AWG or with rigid 
metal conduit of brass or other identified corro-
sion-resistant metal.

A. 12
B. 10
C. 8
D. 6

11. A dry-niche luminaire shall be provided 
with a means for drainage of water and for oth-
er than listed low-voltage luminaires not requir-
ing grounding, a means for accommodating one 
equipment-grounding conductor for each conduit 
entry.

True _____ False ______

12. For other than listed low-voltage luminaires 
not requiring grounding, a metal raceway cannot 
be solely depended upon for equipment ground-
ing purposes between a metal forming shell and 
the junction box of a through-wall lighting assem-
bly, wet-niche, dry-niche, or no-niche luminaire.

True _____ False ______

13.  Junction boxes extending to underwater 
pool luminaires are required to be located not less 
than what distance horizontally from the inside 
wall of the pool where there is no barrier separa-
tion?

A. 900 mm (3 ft)
B. 1.2 m (4 ft)
C. 1.5 m (5 ft)
D. 3.0 m (10 ft)

14. Which of the following conduits is not per-
mitted to be used between a wet-niche luminaire 
forming shell and the pool junction box?

A. electrical metallic tubing (EMT)
B. rigid polyvinyl chloride (PVC)
C. rigid brass
D. liquidtight flexible nonmetallic

15. Double-insulated pool pumps are permitted 
to be used for permanently installed swimming 
pools.

True _____ False ______
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16. Transformers and power supplies used for 
the supply of underwater luminaires, together 
with the transformer or power supply enclosure, 
are required to be ___________________.

A. listed
B. listed for swimming pool and spa use
C. listed for the purpose
D. approved for use with swimming pools  

 are spas

17. Which of the following self-contained spas, 
hot tubs, or packaged spas, or hot tub equipment 
assemblies is NOT required to have GFCI pro-
tection for personnel?

A. A self-contained spa or hot tub is marked 
  as having integral GFCI protection.

B. A packaged spa or hot tub equipment  
 assembly is marked as having integral  
 GFCI protection.

C. A field installed spa or hot tub with a 
  heater load of 60 amperes. 

D. A field installed spa or hot tub with a  
 heater load of 40 amperes. 

18. Which of the following is not a permitted 
wiring method for permanently installed swim-
ming pool pump motors associated with a sin-
gle-family dwelling?

A. Type MC cable listed for the application
B. 14-2 Type NM cable with ground in the 

  interior of the dwelling
C. 12-2 Type NM cable with ground in the  

 interior of the dwelling
D. Rigid nonmetallic conduit containing an  

 insulated 12 AWG equipment-grounding  
 conductor

19. A pool pump motor for a permanently 
installed pool supplied by an outlet that is di-
rect connected (hard wired) from a 20-amperes, 
240-volts, single-phase branch circuit does not 
require ground-fault circuit-interrupter protection 
for personnel.

True _____ False ______

20. Where a double-insulated water-pump 
motor is installed for a permanently installed 
swimming pool, a solid 8 AWG copper conductor 
that is of sufficient length to make a bonding con-
nection to a replacement motor shall be extended 
from the bonding grid to an accessible point in the 
motor vicinity.

True _____ False ______

21. Hydromassage bathtubs and their associat-
ed electric components are required to be on a/an 
__________ branch circuit(s) and protected by a 
__________ ground-fault circuit interrupter.

A. dedicated, readily accessible
B. individual, readily accessible
C. individual, accessible
D. new, Class A

22. Under certain conditions, some specific 
low-voltage luminaires are permitted to be located 
less than 1.5 m (5 ft) from the inside walls of a 
permanently installed pool but must be of the type 
that does not require:

A. maintenance
B. corrosion protection  
C. connection to an equipment grounding  

 conductor
D. luminaire protection  
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23.  Part VI of Chapter 680 relates to fountains. 

True _____ False ______

24. Ground-fault circuit-interrupter protections 
for a swimming pool environment shall be of a 
Class __________ type. 

A. A
B. C
C. D
D. E

25. Branch circuits or feeders that serve gas-fired 
swimming pool and spa water heaters that will op-
erate at voltages above __________ are required to 
be provided with ground-fault circuit-interrupter 
protection for personnel. 

A. 1 milliamp
B. the high-voltage contact limit
C. the low-voltage contact limit
D. the medium-voltage contact limit

26.  Swimming pool and spa equipment rooms 
and pits are often subject to deteriorating chemi-
cals such as chlorine.  �e wiring methods in these 
corrosive areas are required to be listed and identi-
fied for use in such areas.

True _____ False ______

27. Structural reinforcing steel for an in-ground 
swimming pool shall be used as part of the ground-
ing electrode system.

True _____ False ______

28. All motors associated with permanently 
installed pools and installed in a corrosive envi-
ronment are required to be connected to a copper 
equipment-grounding conductor sized based on 
__________.

A. 680.14
B.  Table 250.66
C. Table 250.102(C)(1)
D. Table 250.122

29. Electrically powered pool lifts shall be 
__________ in accordance with 680.26(B)(5) and 
(B)(7).

A. grounded
B. bonded
C. installed
D. connected
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Although the terms outbuilding and acces-
sory buildings are both used in the Code, 
these terms are not defined in the Code. 

�ese terms can be associated with any building 
that is detached from a one- or two-family dwell-
ing and that serves a support or ancillary function 
to the dwelling. Examples of an outbuilding in-
clude a garage, workshop, cabana, gazebo, water 
pump house, boathouse, shed, pool pump house, 
or similar structure. Article 100 of the NEC de-
fines a building as “A structure that stands alone 
or that is cut off from adjoining structures by 
firewalls with all openings therein protected by 
approved fire doors.” In Chapter 2, at R202, the 

Chapter 15

Branch Circuits and Feeders 
Run to Accessory Buildings

IRC defines an Accessory Structure as “a structure 
that is accessory to and incidental to that of the 
dwelling(s) and that is located on the same lot.”

A building is defined in Chapter 2 of the IRC 
as “any one-and two-family dwelling or portion 
thereof, including townhouses, that is used, or 
designed or intended to be used for human hab-
itation, for living, sleeping, cooking, or eating 
purposes, or any combination thereof, and shall 
include accessory structures thereto.”

Article 225 of the NEC covers outside branch 
circuits and feeders. An outside circuit could sup-
ply equipment on or near the dwelling. A branch 
circuit to a pole-mounted yard light is one exam-
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ple. Or it could supply a separate build-
ing or structure located on the premis-
es. A feeder used to supply a detached 
garage is another example. �e rules in 
NEC Article 225 apply to both under-
ground and overhead branch circuits and 
feeders.

Where the IRC does not provide spe-
cific Code rules for outside branch circuits 
or feeders supplying separate buildings 
or structures on a residential property, 
the requirements of the NEC must be 
applied to the electrical installation by 
default as indicated in IRC E3401.2.

Load Calculations and 
Overcurrent Protection
Outdoor branch-circuit and feeder loads  
are required to be calculated in accor-
dance with NEC 310.15 based on loads 
as determined under NEC 220.10 and 
Part III of Article 220 (see Chapter 2 
in this book for additional information 
on performing load calculations). �e IRC pro-
vides specific feeder sizing requirements in Sec-
tion E3704 generally, and specifics are provided in 
E3704.2, E3704.3 and Table E3704.2(1). Section 
E3705 provides specifics as to conductor sizing 
and maximum allowable overcurrent protection 
for conductors. �ese rules are consistent with 
those provided in Articles 215, 220, and 310 of 
the NEC.

Outdoor branch-circuit and feeder conductors 
are required to be protected against overcurrent. 
�e conductor ampacities are permitted to be de-
termined as specified in the “Allowable Ampacity 
Tables” of NEC Article 310 or IRC Chapter 37 
to determine the minimum ampacity of outside 
branch circuits and feeders.

Minimum Size of Conductors
Open individual conductors are permitted to be 
used for overhead spans between buildings, struc-

tures or poles. For spans up to 15 m (50 ft), these 
overhead conductors cannot be smaller than 10 
AWG copper or 8 AWG aluminum. Where an 
overhead span is longer than 15 m (50 ft), a min-
imum size of 8 AWG copper or 6 AWG alumi-
num is required. Smaller conductors are permitted 
where a messenger wire supports the overhead 
span [NEC 225.6(A)(1)]. �e span is measured 
from support to support. �e permitted support 
for an overhead circuit is a suitable building or 
structure, such as a pole. �e Code does not permit 
live vegetation, such as trees, to support overhead 
conductor spans (NEC 225.26).

�e typical wiring method utilized for overhead 
spans is individual open conductors connected to 
screw-in knobs, triplex or quadruplex cables. Du-
plex, triplex, and quadruplex cables are described 
in NEC 396.2. �ey consist of factory assembled 
and twisted insulated conductors that are spiraled 
around a bare support cable. �e bare support ca-
ble, or messenger, typically has a steel alloy core 

Figure 15.1. Feeders or branch circuits are permitted to supply 
separate structures (outbuildings) by overhead or underground wiring 
methods
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for additional strength. �e messenger is often 
used as the equipment grounding conductor of the 
circuit. Type UF cable (NEC Article 340, wiring 
method) also is permitted to be used for this type 
of installation where it is specifically marked and 
identified as being sunlight resistant and installed 
to conform with the requirements for messenger 
supported wiring.

Conductor Covering and Wiring 
Methods on Buildings and 
Outbuildings
Open wiring installed on insulators is required 
to be insulated for the nominal voltage where it 
is installed within 3.0 m (10 ft) of any building 
or outbuilding (NEC 225.4). �e term insulated 
conductor is defined in NEC Article 100 and IRC 
Chapter 35 as “a conductor encased within mate-
rial of composition or thickness that is recognized 
by the Code as electrical insulation.

Conductors within cable assemblies or raceways 
must be of the thermoset (rubber-insulated) or 
thermoplastic type. Where installed in wet loca-
tions, conductors must be suitable for wet loca-
tions. Where these conductors are exposed to the 
direct rays of the sun, they must also be listed for 
sunlight resistance or listed and marked “sunlight 
resistant” [NEC 310.10(A)(B)(C) and (D) or IRC 
Table E3801.4].

Where installed on the surfaces of one- and 
two-family dwellings or outbuildings, outside 
branch circuits and feeders are permitted to be 
any of the following types (NEC 225.10 or IRC 
E3801.4):

1. Open wiring on insulators
2. Multi-conductor cable assemblies
3. Type MC cable assemblies
4. Type UF cable assemblies
5. Type MI cable assemblies
6. Messenger supported wiring
7. Rigid metal conduit, intermediate met-

al conduit, rigid polyvinyl chloride (PVC) 
conduit, or reinforced thermosetting resin 
conduit (RTRC)

8. Electrical metallic tubing, flexible metal 
conduit, liquidtight flexible metal conduit 
and liquidtight flexible nonmetallic conduit

9. In wireways and auxiliary gutters

Outside branch circuits and feeders are also 
permitted to be in cable trays, as cablebus, and in 
busways, but these items are not typically found in 
dwelling unit construction.

Outside branch-circuit and feeder wiring in-
stalled on buildings, structures, or poles must be 
protected against physical damage. Mechanical 
protection for conductors is required where these 
conductors are judged to be subject to physical 
damage. All raceways installed on exterior surfac-
es of buildings must be suitable for use in a wet 
location and be arranged to drain [NEC 225.20, 
225.22].

Overhead Circuits Leaving or 
Entering a Building
Where overhead outside branch circuits and feed-
ers leave or enter a building, they must comply with 
NEC 230.52, 230.54 [see NEC 225.11], or IRC 
E3605.9. �ese rules provide the permitted meth-
ods for the feeder or branch-circuit conductors on 
the outside of the structure. NEC 230.52 permits 
individual open conductors to enter a building 

Photo 15.1. Typical quadruplex cables used for outside 
overhead services and feeders
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through roof bushings or through the wall in an 
upward slant through individual, noncombustible, 
nonabsorbent insulating tubes. �is method is less 
likely to be used than the weatherhead permitted 
to be used in NEC 230.54 or IRC E3605.9.

A conduit is usually installed from the last junc-
tion or pull box, or run from the panelboard to 
a location outside the building. �e conduit on 
the outside of the building is often called a mast. 
�e rules for outside feeders or branch circuits are 
very similar to the rules for an overhead service. 
�e mast ends in a gooseneck or weatherhead. A 
weatherhead or gooseneck is installed to prevent 
water from entering the conduit. If the mast is 
used to support the overhead conductors, it must 
be of adequate strength or be supported by braces 
or guy wires. �e overhead conductors can place 
a considerable strain on the mast due to the dead 
weight of the overhead cables. Wind or ice produc-
es additional strain. All the fittings on a raceway 
mast must be identified for use with masts. Only 
the overhead feeder or branch circuit’s conductors 
are permitted to be attached to the mast. Cables 
for other purposes, such as telephone or CATV, 
require independent support (NEC 225.17 or IRC 
E3604.5).

Type SE cable (service-entrance cable) is per-
mitted to be used as a feeder between buildings. A 
weatherhead or “gooseneck” is installed to prevent 
water from entering the cable assembly where Type 
SE cable connects to the overhead span at the build-
ings. A gooseneck resembles an “R” and is formed 
by placing a 180-degree bend on the cable with a 
small loop at the top of the cable and secured to 
the rising cable with tape. �e conductors are taped 
where they leave the outer jacket of the cable. �e 
use of a gooseneck is still recognized by the Code 
and is often required by many electrical inspectors 
in areas adjacent to the seashore. Experience has 
shown that an improperly installed raintight service 
head may lead to a situation where rain, or melting 
snow or ice will dribble down and into the enclo-
sure it is connected to.

A weatherhead or gooseneck in a service-en-
trance cable assembly is required to be located 

“above the point of attachment” of the outside 
branch-circuit and feeder conductors to the build-
ing or outbuilding. Where it is impracticable to 
locate the weatherhead or gooseneck above the 
point of attachment, it is permitted to be installed 
at a distance of not more than 600 mm (2 ft) away 
from the point of attachment.

To prevent the entrance of moisture into con-
ductors, a drip loop must be formed on all individ-
ual outside branch-circuit and feeder conductors, 
either below the level of the raintight service head 
or below the level of the termination of the ser-
vice-entrance cable sheath.

Conductors from inside the building connect 
to the overhead feeder or branch circuit at the 
gooseneck or weatherhead. Connections at this 
location are made with connectors that are suit-
able for the purpose. Mechanical connectors such 
as “split bolts” and irreversible crimp connectors 
are typically used to make these connections. It is 
important to follow the manufacturer’s instruc-
tions and use the proper tool when crimping the 
connector. �e connector must be suitable for the 
type of conductor materials used. It is common to 
see copper building wire connected to an overhead 
cable with aluminum conductors at this location. 
A connector rated for copper to aluminum con-
nections must be used if this is the case. Any ex-
posed conductive part of the connector must be 
insulated with a weather-resistant tape. �e thick-
ness of the tape insulation on the splice should be 
equal to that of the insulation on the conductor.

Raceways that are installed on the exterior of 
buildings or other structures are required to be ar-
ranged to drain. Such raceways must also be listed 
and approved for use in wet locations. Choice of 
the proper type of raceway fitting for the location 
is an important consideration. �e interior of a 
raceway installed in a wet location is considered 
as wet location as well, so properly identified con-
ductors will be a consideration. Raceway fittings 
are designed to provide enhanced protection from 
the elements such as rain and ice (NEC 225.22 or 
IRC E3605.8).

A cable assembly must be supported and held 
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securely in place by straps or other ap-
proved means. NEC 230.51 gives the 
proper spacing of cable supports. In 
some cases, the requirements in NEC 
230.51 are more restrictive than would 
be found in the respective cable’s arti-
cle. For example, NEC 230.51 requires 
that service cables be supported at in-
tervals of not more than 750 mm (30 
in.). �e requirements for securing and 
supporting the same type of cable on 
the inside of the building are given 
by NEC 334.30, which would permit 
SE cable to be secured and support-
ed at intervals of 1.4 m (4½ ft) (NEC 
225.21).

�e point of attachment to a build-
ing and an outbuilding must be located so as to 
provide the minimum required clearances for the 
conductors. Under no circumstance is the point of 
attachment permitted to be less than 3.0 m (10 ft) 
above the finished grade (NEC 225.16(A), 230.26 
or IRC E3604.3).

�e means of attachment for the outside branch 
circuits and feeders to a building or outbuilding is 
required to be made by fittings identified for use 
with service conductors. Open conductors must 
be attached to fittings identified for use with ser-
vice conductors or to noncombustible, nonabsor-
bent insulators securely attached to the building 
or other structure. �e method of support for the 
insulator or insulator racks must consider the 
possibility of weak or rotted structural members. 
It may be adequate to screw the insulator direct-
ly into new structural lumber. With an existing 
building, common practice is to install a thread-
ed rod through the building and into the attic 
or other space. �e rod is then backed with solid 
lumber and/or a steel backing plate.

Clearance for Overhead 
Conductors
Outside branch circuits and feeders that are run 
as spans of open conductors or as open multi-con-

ductor cables are required to be installed at the 
following heights:

1. 3.0 m (10 ft) above finished grade, side-
walks, or from any platform or projection 
from which they might be reached where 
the supply conductors are limited to 150 
volts to ground and accessible to pedestri-
ans only

2. 3.7 m (12 ft) over residential driveways 
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 (this is rare for 
residential applications)

4. 5.5 m (18 ft) over public streets, alleys, roads 
and parking areas subject to truck traffic, 
and other land, such as cultivated, grazing, 
forest, and orchard, traversed by vehicles 
(see chapter 3 of this text for illustrations on 
clearances of overhead conductors over the 
ground and roofs)

5. 7.5 m (24.5 ft) over railroad tracks

�ese clearances are similar to the clearances for 
overhead service conductors at NEC 230.24(B) 
and IRC E3604.2.2. �ese overhead clearances 
for branch circuits and feeders is found at NEC 
225.18.

Figure 15.2. Overhead vertical clearances from grade for outdoor 
overhead branch circuits and feeder conductors
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Clearances between Buildings 
and Structures from Overhead 
Conductors
Similar to the requirements for overhead service 
conductors, a vertical clearance of not less than 
2.5 m (8 ft) is required to be maintained from the 
surface of a roof to the outside branch-circuit and 
feeder conductors. �is vertical clearance above 
the roof level is required to be maintained for a 
distance of not less than 900 mm (3 ft) in all di-
rections from the edge of the roof. �ese clearance 
requirements for outside branch circuits and feed-
ers can be found at NEC 225.19. Six exceptions or 
conditions to this 2.5 m (8 ft) rule are commonly 
applied to residential dwellings as follows: 

1. Where the voltage between outside 
branch-circuit and feeder conductors is 
not over 300 volts and where the roof has a 
slope of 100 mm (4 in.) in 300 mm (12 in.) 
or greater, a reduction in clearance to 900 
mm (3 ft) is permitted [NEC 225.19(A), 
Ex. No. 2].

2. Where the voltage between outside 
branch-circuit and feeder conductors is not 
over 300 volts, a reduction in the minimum 
required clearance above an overhanging 
portion of a roof to not less than 450 mm 
(18 in.) is permitted if not more than 1.8 
m (6 ft) of the conductors pass above the 
roof overhang, and they are terminated at 
a through-the-roof raceway or approved 
support. �e overhang portion of the roof 
is limited to 1.2 m (4 ft) horizontally in this 
case. �e requirement for maintaining the 
vertical clearance of 900 mm (3 ft) from 
the edge of the roof does not apply to fi-
nal conductor span(s) where the conductors 
are attached to the side of a building [NEC 
225.19(A), Ex. No. 3 and Ex. No. 4)].

3. Vertical, diagonal and horizontal clearances 
for outside branch circuits and feeders cannot 
be less than 900 mm (3 ft) from a chimney, 
or radio and television antenna, and other 
nonbuilding structures [NEC 225.19(B)].

4. Horizontal clearances from buildings to 
overhead conductors or cables cannot be 
less than 900 mm (3 ft) [NEC 225.19(C)].

5. Final spans of outside branch circuits or 
feeders attached to the building they supply, 
or from which they are fed, are permitted to 
be attached to the building. �e final span 
must be kept 900 mm (3 ft) away from the 
sides and bottom of windows, doors, porch-
es, balconies, ladders, stairs, fire escapes or 
similar locations [NEC 225.19(D)(1)].

6. A vertical clearance is required from porch-
es, platforms or other surfaces from which 
overhead conductors may be reached. �e 
final span above or within 900 mm (3 ft) 
horizontally from the porch deck, platform, 
or similar location is required to meet the 
minimum clearances above ground spec-
ified by the Code. For example, this would 
require that a final drop to a building be 
located a minimum of 3.0 m (10 ft) over a 
deck, porch or balcony [NEC 225.19(D)(2), 
225.18].

Overhead branch-circuit or feeder conductors 
are also not permitted to be installed beneath 
openings through which materials may be moved 
and are not to be installed where the conductors 
will obstruct entrance to these building openings 
[NEC 225.19(D)(3)]. �e IRC only covers over-
head conductor spans for service conductors, so 
defaulting to the NEC would be applicable here. 
As stated previously, these overhead clearance for 
outside branch circuits and feeders are similar to 
the requirements for overhead service conductors. 
A preview of figures 4.2 through 4.7 in Chapter 4 
of this publication would be appropriate for com-
parison.

Underground Outside Branch 
Circuits and Feeders
Underground branch circuits and feeders are com-
monly used to extend circuits between the main 
dwelling unit and outbuildings. Circuits run from 
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dwelling unit buildings to supply lighting equip-
ment used for driveway, area or landscape lighting 
are also commonly run underground. �ese cir-
cuits must comply with installation requirements 
for underground wiring. �e general requirements 
are found in NEC 300.5 or IRC E3803.1. �ese 
rules include but are not limited to required burial 
depths, types of conductors or cables, cables under 
buildings, protection from damage, splices and 
taps, and so forth. Other requirements include 
backfill, raceway seals, bushings, and for single 
conductors. See the end of Chapter 11 in this 

publication for additional specific infor-
mation on installation of underground 
conductors (NEC Chapter 3 and IRC 
Chapter 38).

Number of Supplies to 
Separate Buildings and 
Structures
�e number of supplies to each building 
is limited to one feeder or branch circuit. 
�is requirement applies where more 
than one building is on the same prop-
erty and under single management. A 
multi-wire branch circuit is considered 
as a single circuit for application of this 
rule. If more than one branch circuits 
is desired or needed at the additional 
building or structure, a feeder to the ad-
ditional building or structure would be 
the solution. A sub-panelboard or feed-
er panelboard could be installed at the 
second building or structure supplying 
multiple branch circuits originating at 
this sub- or feeder panelboard.

Where a branch circuit or feeder orig-
inates in the additional building(s) or 
structure(s), only one feeder or branch 
circuit is permitted to supply power back 
to the original building or structure. 
�ere are special conditions that would 
permit additional supplies or feeders 
such as for a fire pump; typically none of 

these would apply to one- and two-family dwell-
ings or their accessory structures (NEC 225.30).

Disconnecting Means Required 
at Each Separate Building and 
Structure
�e Code requires each building or other structure 
served to be provided with a disconnecting means 
(NEC 225.31). �e permitted locations of the dis-
connecting means can be either inside or outside 
the building or structure being served. �is re-

Figure 15.3. One feeder generally permitted to accessory buildings

Figure 15.4. Disconnecting means required at separate buildings 
located outside or inside nearest the point of entrance of the feeder 
conductors
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quired disconnecting means must be at a 
readily accessible location nearest to the 
point of entrance of the supply conduc-
tors. �e provisions of NEC 230.6 are 
permitted to be utilized when applying 
this section. As a result, a feeder located 
under a 50 mm (2 in.) concrete slab is 
considered outside the building (NEC 
225.32). �e IRC does not specifically 
address the requirements for discon-
necting means at separate buildings or 
structures, so, by default, as indicated in 
IRC E3401.2, the requirements in Arti-
cle 225 of the NEC are applicable.

Number and Grouping of
Disconnects
�e Code requires that the disconnecting means 
for and located at the separate building or struc-
ture consist of not more than six switches or cir-
cuit breakers and there can be no more than six 
disconnecting means grouped at any one location. 
�e Code defines disconnecting means as “a device, 
or group of devices, or other means by which the 
conductors of a circuit can be disconnected from 
their source of supply” (NEC Article 100 or IRC 
Chapter 35). Where multiple disconnects are used 
as the feeder disconnect for a separate building or 
accessory structure, the two to six disconnecting 
means must be grouped at one common location 
[NEC 225.33 and 225.34].

�is rule applies regardless of whether one or 
several enclosures are installed. For example, up to 
six enclosures with a single breaker or set of fuses 
in each enclosure can be installed at one location, 
grouped together. Alternatively, a single panel-
board is permitted to have up to six disconnecting 
means installed and serve as the disconnecting 
means. Manufacturer’s requirements may restrict 
this practice. A typical residential style panelboard 
will require a main breaker be installed when the 
panelboard is used as the building disconnecting 
means. �is type of panelboard will be marked as 
“Suitable for Use as Service Equipment” when a 

suitable main breaker and hold-down kit is in-
stalled. �e main breaker is a plug-in-type circuit 
breaker of the appropriate ampere rating. �e 
hold-down kit is an additional fastener that se-
cures the circuit breaker to the internal buss. �e 
Code requires the hold-down kit any time a plug-
in-type circuit breaker is back-fed [NEC 110.3(B) 
and 408.36(D) or IRC E3706.5].

Type of Disconnecting Means
�e Code requires the disconnecting means for a 
separate building or structure supplied by a feeder 
to be suitable for use as service equipment when 
applied in accordance with NEC 250.32(B)(1), 
Exception No. 1. �is is the rule that permits an 
existing grounded (neutral) conductor to be used 
as the ground-fault return path to existing build-
ings or structures. �is also generally relates to the 
construction of the disconnect switch or panel-
board. It will have a grounded (neutral) conductor 
terminal bar that can be bonded to the enclosure 
and that will permit the grounded (neutral) system 
conductor to be connected to a grounding elec-
trode conductor and to the disconnecting means or 
panelboard enclosure. �is same panelboard, when 
listed and marked “Suitable for Use as Service 

Figure 15.5. Service-disconnecting means types
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Equipment,” will have the capability of isolating or 
“floating” the grounded (neutral) bar when used as 
a feeder panelboard. Electrical equipment suitable 
for use as service equipment is listed and marked 
either “Suitable for Use as Service Equipment” or 
“Suitable for Use Only as Service Equipment.” �is 
equipment provides the grounding and bonding 
capabilities as mentioned above, and should also 
be equipped with either a main disconnect, or a 
label that indicates suitability when used as service 
equipment when a main breaker is installed. Some 
equipment may be marked “Suitable for Use as Ser-
vice Equipment When not More �an Six Discon-
necting Means are Installed.” �e construction of 
such a panelboard will restrict the number of main 
disconnects that can be installed (NEC 225.36 and 
IRC E3606.4).

Even though the equipment is generally re-
quired to be marked as service equipment, it is not 
to say that the conductors that originate from a 
service-supplied electrical system in one building 
and supply a second building or structure on the 
premises are service conductors. �ey are either 
feeder or branch-circuit conductors. 

For a garage or outbuilding located at one- or 
two-family dwellings, a circuit breaker, molded 
case switch, general-use switch, snap switch, or 
other approved means can be used as the required 
disconnecting means. Two single-pole switches 
or breakers capable of individual operation are 
permitted as the disconnecting means for a multi-
wire branch circuit. One pole is required for each 
ungrounded conductor. �e switch handles would 
have to be equipped with handle ties or a master 
handle. A more practical solution may be a two-
pole switch. Remember, a disconnecting means for 
the feeder supplying an existing separate building 
might have to be suitable for use as service equip-
ment [NEC 225.33(B) and 225.36].

Rating of the Disconnecting 
Means
In all cases, the rating of the disconnecting means 
for a separate building of structure must be at least 
equal to the load to be supplied. Part II of NEC 
Article 220 is used to determine the minimum 
load for branch circuits. Feeder size is determined 

Photo 15.2. Accessory building supplied by feeder from main dwelling unit (feeder can be seen at front left corner of 
accessory building)
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by applying Parts III and IV of NEC Article 220. 
Where the branch circuit or feeder disconnecting 
means consists of more than one switch or circuit 
breaker, combining the ratings of all the switches 
or circuit breakers for determining the rating of 
the disconnecting means is permitted. In no case 
shall the minimum rating be less than:

1. 15 amperes for a single branch circuit.
2. 30 amperes for a feeder that supplies one or 

two, two-wire branch-circuits.

3. 60 amperes for a feeder that sup-
plies more than two branch circuits.

Chapter 2 of this book contains addi-
tional information on NEC Article 220 
and the requirements for calculating the 
load on a branch circuit or feeder (NEC 
225.33, 225.39).

Equipment Installation in 
Accessory Buildings
Most often, such things as food freez-
ers, receptacles, power tools, luminaires, 
and water pumps will be used in an 
accessory or outbuilding. In addition, 
other equipment will include material, 
fittings, devices, tools, and the like used 
as a part of, or in connection with, an 
electrical installation. See Chapters 13 
in this publication for specific informa-
tion and requirements for luminaires, 
receptacles, and switches and Chapter 
7 for requirements for appliances. If the 
accessory or outbuilding is a detached 
garage, the same basic requirements 
that would apply to an attached garage 
(at least one 125-volt, 15- or 20-ampere 
rated receptacle, switch lighting outlet, 
etc.). See Chapter 11 for electrical re-
quirements for garages and accessory 
buildings.

Grounding Requirements in 
Separate Buildings or Structures 
(Outbuildings)
Outbuildings must comply with grounding re-
quirements similar to that of the main structure. 
For new installations, the feeder or branch circuit 
must provide a means to ground equipment in the 
outbuilding and an equipment grounding con-
ductor is required to be run with the supply con-
ductors. By exception only, the grounded (neutral) 
conductor may be used for this purpose in certain 

Figure 15.7. Grounding using the grounded (neutral) conductor at 
separate buildings (existing building only)

Figure 15.6. Grounding using the feeder equipment grounding 
conductor



456

limited cases for existing buildings and existing 
installations only.

�e outbuilding must have a grounding elec-
trode system as described at NEC 250.52(A) 
or IRC E3608 established at each building or 
structure. A “made” grounding electrode system 
(ground rod, etc.) must be established if there is no 
existing grounding electrode system (concrete-en-
cased electrode, etc.) at the outbuilding where 
supply conductors are brought to the building 
(NEC 250.32 or IRC E3607.3).

Feeder and Branch Circuit 
Equipment —Grounding Means
�e Code generally requires feeders to include 
or provide an equipment grounding conductor, 
which may be installed as an individual bare, cov-
ered, or insulated conductor. �e Code also permits 
some metallic wiring methods such as rigid or in-
termediate metal conduit to be used as a suitable 
equipment grounding means. In the case where 
the metal conduit is used as an equipment ground-
ing conductor, special consideration must be given 
to the possible effects that corrosion might have 
on the installation. �e Code requires equipment 
to be suitable for the environment in which it is 
installed. �e wiring methods that are recognized 

as an equipment grounding conductor 
are listed in either NEC 250.118 or IRC 
E3908.8. Note that some of the listed 
wiring methods have conditions, such as 
limited length, that would restrict their 
use as a lengthy feeder.

�e equipment grounding conductor 
is required to be connected to a termi-
nal bar or suitable lug that is direct-
ly connected to the enclosure for the 
panelboard or building disconnecting 
means. �e grounded (neutral) conduc-
tor is connected to the neutral terminal 
bar that is insulated from or isolated 
electrically from the enclosure. �is is 
often referred to as floating the neutral. 

�e equipment grounding conductor that is run 
with the feeder or branch circuit to the additional 
building or structure is to be used for grounding 
equipment and connected to the one or more 
grounding electrodes at the building or structure. 
�e equipment grounding conductor is sized 
based on the rating of the overcurrent device on 
the line side of the feeder or branch circuit (NEC 
250.122 or IRC E3908.12).

�e grounded (neutral) circuit conductor cannot 
be used to ground equipment in the outbuilding 
where an equipment grounding conductor is so in-
stalled. �e Code prohibits the grounded (neutral) 
circuit conductor to be connected to the equip-
ment grounding conductor, grounding electrode, 
or grounded metal enclosures at the outbuilding 
or separate structure on the load side of the service 
disconnecting means [NEC 250.24(A)(5) or IRC 
E3607.2].

Grounding Using the Grounded 
Conductor (for Existing Buildings 
Only)
�e grounded (neutral) circuit conductor connec-
tion to the grounding electrode(s) and metal en-
closures is permitted for existing installation only 
at an outbuilding only when all of the following 
conditions are met: 

Figure 15.8. Grounding electrode is generally required at separate 
buildings or structures.
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1. An equipment grounding conductor is not 
run with the existing branch-circuit or ex-
isting feeder conductors to the additional 
building or structure.

2. �ere are no continuous metallic paths 
bonded to the grounding systems at both 
buildings or structures involved. Contin-
uous metallic paths can be established by 
metal water pipes and conduits or other 
pipes as well as by the shield in communica-
tions, television or similar cables.

3. Ground-fault protection of equipment has 
not been installed on the supply side of the 
feeder(s) (ground-fault protection of equip-
ment would be a rare occurrence at a dwell-
ing unit).

Where these conditions are not present at the 
existing additional building or structure, it is per-
mitted to connect the grounded (neutral) conduc-
tor to the grounding electrode conductor and the 
equipment grounding conductors at the discon-
necting means for the existing outbuilding or sep-
arate structure. Where this is done, the ground-
ing electrode system installation is similar to the 
grounding of the electrical system at the service. 
Note that the supply to these additional existing 
buildings or structures is not a service but is either 
a feeder or branch circuit. As a result, the rules for 
bonding on the line side of the service equipment 
do not apply at the disconnecting means for these 
existing buildings or structures. It is also import-
ant to note that the use of the grounded (neutral) 
conductor for grounding purposes at the second 
building or structure is only applicable for exist-
ing installations at existing buildings only [NEC 
250.32(B)(1) Ex. No. 1 or IRC E3607.3.2].

Grounding Electrode System for 
a Separate Building or Structure 
(Outbuilding)
Where separate buildings or structures are supplied 
by a feeder(s) or branch circuit(s), the grounded 
system in each building or structure must have 

one or more grounding electrodes installed (NEC 
250.32(A) or IRC E3607.3). �e point of con-
nection of the grounding electrode conductor is 
the same location as the equipment grounding 
conductor that is part of the supply circuit. �e 
grounding electrode conductor is connected to 
the metal enclosure of the building disconnecting 
means and the equipment grounding conductor. If 
the grounded (neutral) supply conductor is used 
to ground equipment in the outbuilding at an 
existing installation of an existing building, then 
the grounding electrode conductor is connected to 
the ac system grounded (neutral) circuit conductor 
and both are bonded to the metal enclosure of the 
building disconnecting means (NEC 250.32(A) or 
IRC E3607.3).

A grounding electrode is not required to be in-
stalled at a separate outbuilding or structure where 
the building or structure is supplied by only one 
branch circuit and the branch circuit includes an 
equipment grounding conductor for grounding 
the non-current-carrying parts of all equipment 
[NEC 250.32(A), Exception or IRC E3607.3, 
Exception]. NEC 225.30 clarifies that multi-wire 
branch circuits are considered a single branch cir-
cuit where applying the requirements for number 
of supplies.

A grounding electrode conductor connects the 
equipment grounding terminal bar, and equip-
ment grounding conductors connected to it, to 
the one or more grounding electrodes that make 
up the grounding electrode system at the separate 
building or structure.

Sizing Grounding Electrode 
Conductor(s)
�e size of the grounding electrode conductor(s) 
must be derived from NEC Table 250.66 or IRC 
Table E3603.4 and is based on the size of the 
largest feeder or branch-circuit conductor(s) sup-
plying the building or structure. It is important 
to note that this grounding electrode conductor 
to the grounding electrode(s) must be installed to 
meet all applicable installation criteria for ground-
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ing electrode conductors, including protection 
from physical damage and protection from mag-
netic fields when installed in metallic enclosures. 
�e size and location of the grounding electrode 
conductor may require physical protection (NEC 
250.64 or IRC E3610.2).

Grounding Electrodes 
at Separate Buildings or
Structures (Outbuildings) 
�e Code requires a separate building or structure to 
have a grounding electrode or grounding electrode 
system installed to meet the requirements of NEC 
250.50 or IRC E3608.1. A grounding electrode 
system must be established if there is no existing 
grounding electrode system at the outbuilding 
and supply conductors are brought to the build-
ing. �e only exception is a single branch-circuit 
supply and where the branch-circuit supply circuit 
includes an equipment grounding conductor.

�e Code refers to various types of electrodes 
that, if present at the outbuilding, must be used. 
Examples of electrodes that may be present at 
an outbuilding include underground metal wa-
ter pipes, concrete-encased electrodes, and pipe 
or rod electrodes. If no electrodes are present, 
an electrode, such as a driven ground rod, must 
be installed. For a more complete discussion on 
grounding electrodes, see Chapter 5 of this book.

Bonding Grounding Electrodes 
Together
�e Code requires that where multiple electrodes 
are present they must be bonded together (NEC 
250.50, 250.58 or IRC E3607.6 and E3608.1). 
�is requirement is important not only for the 
electrical power distribution systems on a building 
or structure, but also for any grounding electrodes 
installed, used, or both, for limited energy systems 
such a telephone or cable TV lines in or on the 
building or structure.

Grounding electrodes at separate buildings are 
not required to be bonded to the grounding elec-

trode at the building where the service is located. 
Situations often arise where more than one build-
ing (by definition of the term building) is installed 
on a common foundation. Where this situation 
exists, the Code does not require the separate elec-
trodes for the separate services on each building to 
be bonded together.

It is common for multiple buildings to be locat-
ed on the same property. If supplied with electric-
ity, all such buildings are very likely to have their 
own grounding electrode system. Where a service 
is located on one building and a feeder from that 
building supplies another building on the prem-
ises, a close review of the system will show that 
the two grounding electrode systems at each 
building or structure are in fact bonded together. 
�e grounding electrode systems at building No. 
1 and building No. 2 are connected together by 
the equipment grounding conductor contained in 
the feeder, or in some existing installations, by the 
grounded conductor.
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Questions
1. Outdoor branch-circuit and feeder loads are 

required to be calculated in accordance with NEC 
220.3, and Part II and III of Article 220.

True _____ False _____

2. For 1000 volts, nominal, or less, overhead 
copper conductors sized at 10 AWG not exceed-
ing what distance can be used for overhead spans 
to supply an outbuilding without the use of a mes-
senger wire?

A. 15 m (50 ft)
B. 18 m (60 ft)
C. 23 m (75 ft)
D. 25 m (80 ft)

3. Overhead conductors cannot be smaller than 
10 AWG copper or 8 AWG aluminum.

True _____ False _____

4. For 1000 volts, nominal, or less, where an 
overhead span is longer than what distance, a 
minimum size of 8 AWG copper, or 6 AWG alu-
minum, is required, unless the overhead span is 
supported by a messenger wire?

A. 15 m (50 ft)
B.  18 m (60 ft)
C.  3 m (75 ft)
D.  25 m (80 ft)

5. Outside wiring installed in the open on insu-
lators is required to be insulated for the nominal 
voltage where they are installed within what dis-
tance of any building or outbuilding?

A. 3.0 m (10 ft)
B. 4.5 m (15 ft)
C. 5.5 m (18 ft)
D. 6.0 m (20 ft)

6. Outside conductors within cable assemblies 
or raceways (excluding Type MI cable) must be of 
the rubber covered or thermoplastic type.

True _____ False _____

7. Where outside branch circuits or feeders leave 
or enter a building, they shall be equipped with 
a service head. �ese conductor/cable assemblies 
shall be permitted to be formed in a ____________ 
and taped with a self-sealing weather-resistant 
thermoplastic.

A. camelback
B. horseshoe
C. gooseneck
D. “P” trap

8. A service head or gooseneck in a suitable 
cable assembly is generally required to be locat-
ed above the point of attachment of the outside 
branch-circuit and feeder conductors to the build-
ing or outbuilding.

True _____ False _____
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9. Where it is impracticable to locate the service 
head above the point of attachment of a service 
cable assembly, the service head location is per-
mitted to be installed not more than what distance 
away from the point of attachment?

A. 600 mm (2 ft)
B. 900 mm (3 ft)
C. 1.2 m (4 ft)
D. 1.8 m (6 ft)

10. Raceways installed on exterior surfaces of 
buildings must be suitable for use in a wet location 
and installed so that they will drain.

True______ False______

11. Outside branch circuits and feeders that 
are run as spans of open conductors are required 
to be installed not less than what distance above 
finished grade, sidewalks, or from any platform 
or projection from which they might be reached 
where the supply conductors are limited to 150 
volts to ground and accessible to pedestrians only?

 
A. 2.5 m (8 ft)
B. 2.7 m (9 ft)
C. 3.0 m (10 ft)
D. 3.7 m (12 ft)

12. Where raceway-type masts are installed, 
hubs used with conduit that serves as the mast 
shall be:

A.  approved
B.  identified
C.  listed
D.  rigidly attached

13. Open conductors shall be supported on glass 
or porcelain knobs, racks, brackets, or strain insu-
lators.

True _____ False _____

14.  Without employing any exceptions, a ver-
tical clearance of not less than what distance is 
required to be maintained from the surface of a 
flat roof for outside branch-circuit and feeder con-
ductors?

A. 900 mm (3 ft)
B. 1.5 m (5 ft)
C. 1.8 m (6 ft 6 in.)
D. 2.5 m (8 ft 6 in.)

15. Where the voltage between outside branch 
circuit and feeder conductors is not more than 
300 volts, and where the roof has a slope of not 
less than 100 mm (4 in.) in 300 mm (12 in.) or 
greater, a reduction in clearance to what distance 
is permitted?

A. 300 mm (1 ft)
B. 450 mm (1½ ft)
C 600 mm (2 ft)
D. 900 mm (3 ft)

16. �e vertical, diagonal and horizontal clear-
ances for outside branch circuits and feeders can-
not be less than what distance from a chimney, or 
radio and television antenna?

A. 300 mm (1 ft)
B. 450 mm (1½ ft)
C. 600 mm (2 ft)
D. 900 mm (3 ft)

17. Individual open outside branch circuit and 
feeder conductors and cables, other than ser-
vice-entrance cables, cannot be installed within 
what distance of the final grade level or where ex-
posed to physical damage?

A. 3.0 m (10 ft)
B. 3.7 m (12 ft)
C. 4.3 m (14 ft)
D. 4.9 m (16 ft)
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18. Generally, lamps used for outdoor lighting 
must be installed so that they are located above all 
energized conductors or other electric utilization 
equipment.

True _____ False _____

19. Live trees are not permitted to be used for 
the support of overhead outside branch-circuit 
and feeder conductor spans, unless the overhead 
span is being used for temporary wiring.

True _____ False _____

20. A residential outside branch circuit run un-
derground under a driveway in rigid PVC conduit 
must have a minimum cover of what distance? �e 
branch circuit is rated at 120 volts, protected by a 
15-ampere overcurrent device and is GFCI pro-
tected.

A. 150 mm (6 in.)
B. 300 mm (12 in.)
C. 450 mm (18 in.)
D. 600 mm (24 in.)

21. Generally, a 60-ampere feeder and a sep-
arate 15-ampere branch circuit for lighting are 
both permitted to supply a residential single-fam-
ily detached garage from the service at the main 
structure.

True _____ False _____

22. Which of the following is NOT a permitted 
disconnecting means for an outbuilding located 
on residential property?

A. A set of three-way or four-way switches
B. A main breaker in a panelboard marked 

 “Suitable for Use as Service Equipment”
C. A main lug panelboard
D. A fusible switch marked “Suitable for Use 

  as Service Equipment”

23. For _______________, the grounded con-
ductor run with the supply feeder to an outbuild-
ing or structure is permitted to be connected to 
the outbuilding or structure disconnecting means 
and to the grounding electrode(s) and shall be 
used for grounding purposes.

A. new and existing premises wiring systems
B. existing premises wiring systems only
C. new building smaller than 500 sq. ft.
D. new premises wiring systems only

24. Where a branch circuit or feeder originates 
in the additional outbuilding(s) or structure(s), 
only __________ feeder or branch circuit is per-
mitted to supply power back to the original build-
ing or structure.

A. one
B. two
C. three
D. none can be brought back to the original  

 building
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Modifying Circuits and 
Equipment in Existing 
Dwellings

In many cases, electrical wiring with adequate ca-
pacity that was installed properly has served exist-
ing one- and two-family dwellings well for many 
years. Unfortunately, many electrical systems are 
abused during their life. Often branch circuits and 
the service are overloaded as new or additional 
equipment is placed into service in the dwelling. It 
is common to find electric ranges, clothes dryers, 
electric water heaters and electric heating equip-
ment in older existing dwellings being supplied by 

Chapter 16

Existing Electrical 
Installations and Wiring

existing electrical branch circuits that do not have 
adequate capacity for the additional loads.

All too often, modifications are made to elec-
trical systems or circuits by untrained and inex-
perienced personnel. Much of this work is done 
in an unsafe manner due, in most cases, to a lack 
of understanding of the Code rules that apply. In 
some cases, these modifications are made in an 
effort to cut corners and save the expense of hir-
ing a trained and professional electrician to do the 
job right. Electrical inspection of modifications or 
additions to the wiring systems of existing dwell-
ings is required in many locations, but often goes 
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unchecked. �ese inspections should be 
performed to help ensure safety. In these 
cases, an electrical permit for the electri-
cal work and inspection is required.

Extension of Existing 
Branch Circuits
Older one- and two-family dwellings 
were often wired with Type NM (Ro-
mex) cable, Type AC (BX) cable assem-
blies, or, in older homes, knob-and-tube 
wiring that included circuit conductors 
with Type R (rubber) insulation. In exist-
ing one- and two-family dwelling units, 
this type of insulation is often old, dried 
out and extremely brittle and may create some se-
rious problems when it is disturbed, such as when 
a luminaire, receptacle or light switch is replaced. 
�is is true especially where the circuits have been 
overloaded or operated in an ambient temperature 
higher than that for which the insulation is rated.

�e extension of an existing branch circuit 
will require connections between these existing 
branch-circuit conductors and new conductors. 
Splicing new branch-circuit conductors to the ex-
isting conductors in the existing junction or device 
box will often create further problems. Some of 
these situations may lead to serious fire or electric 
shock hazards. In many cases, the existing junction 
or device box will be too small for the additional 
conductors added for the new circuit extension, or 
the circuit rating is inadequate for the new load 
being added.

Extensions or modifications to existing branch 
circuits could require arc-fault circuit-interrupter 
(AFCI) protection to be added to the existing 
branch circuits. �is subject will be discussed in 
greater detail later in this chapter.

Minimum Box Size
When adding conductors to existing boxes, care 
must be exercised in determining that the existing 
box has adequate space for the conductors that will 

be added. NEC 314.16 or IRC E3905.12 provides 
the requirements for determining the minimum 
size of box necessary for the number of conduc-
tors, clamps, and devices to be contained in it.

For example, an existing 75 mm x 50 mm x 65 
mm (3 x 2 x 2½ in.) metal box has a 14-2 (with 
ground) Type NM cable supplying a duplex recep-
tacle in the box, which has internal cable clamps. By 
reference to NEC 314.16(B) or IRC E3905.12.1, 
it is found that the conductors, clamps and de-
vice are counted as six conductors. NEC Table 
314.16(B) or IRC Table E3905.12.2.1 requires a 
conductor allowance of 32.8 cm3 (2.00 cu. in.) for 
each 14 AWG conductor. �e duplex receptacle 
counts as two conductors and the internal clamps 
as one. All equipment grounding conductors are 
grouped together and counted as one. NEC Table 
314.16(A) or IRC Table E3905.12.1 permits six 14 
AWG conductors in the box. To add one additional 
14-2 AWG cable, a larger box, suitable for at least 
eight 14 AWG conductors, must be provided. By 
reference to NEC Table 314.16(A) or IRC Table 
E3905.12.1, we find the minimum size standard 
(metal) box for this installation is 75 mm x 50 mm 
x 90 mm (3 x 2 x 3½ in.). A nonmetallic box having 
a 262 cm3 (16 cu. in.) or greater capacity must be 
selected where the existing box is to be replaced.

Chapter 12 of this book contains specific and 
detailed information for determining the box 

Figure 16.1. ox olume and conductor fill can be determined by C 
Table 1 .16(A) and Table 1 .16( )
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size required for electrical installations. 
Please refer to Chapter 9 for additional 
information on this subject.

Increasing Box Size
While adding an extension ring to a 
box will increase the cubic inch capacity 
of an existing outlet, device or junction 
box, it becomes probable the conduc-
tors will then be too short to be handled 
properly. At times, a compression sleeve 
should be used to extend the conduc-
tors before adding an extension ring. 
Compression sleeves are available with 
and without insulation. Be certain the 
proper compression tool is being used 
to crimp the sleeve. A twist-on wire 
connector can also be used to extend 
the conductors but it takes up more 
room in the box.

Where the addition of an extension 
ring is not practical, it may be necessary 
to remove the existing box and replace 
it with a box having more cubic-inch 
space. Where replacement of the box 
is not practical, a domed box side can 
sometimes be added. Where marked 
with its cubic inch capacity, the capacity 
of the domed cover can be added to that 
of the box. �is method may provide the 
required cubic inch capacity for the in-
tended extra conductors or device.

AFCI Protection for ranch Circuit 
xtensions or odifications

In any of the areas of an existing dwelling that are 
referred to at NEC 210.12(A) or IRC E3902.16 
(family rooms, living rooms, bedrooms, kitchens, 
sunrooms, etc.) where branch-circuit wiring is 
modified, replaced or extended (and outlets or 
devices are added), the branch circuit must be pro-
tected by either a listed combination AFCI circuit 
breaker located at the origin of the branch circuit, 

or a listed outlet branch-circuit AFCI located at 
the first receptacle outlet of the existing branch 
circuit [NEC 210.12(D) or IRC E3902.17]. �is 
allows listed outlet branch-circuit AFCI devices 
to be located at the first receptacle outlet of the 
existing branch circuit to address some of the 
problems that can be encountered on renovations 
when the existing branch circuit is extended or 
modified. Particularly at older existing dwelling 
units, it is not always possible to install a listed 
combination AFCI overcurrent device at the ex-

Figure 16.2. xtensions or modifications to existing wiring requires 
AFCI protection in specific areas of a dwelling

Figure 16. . AFCI protection not required for extension of modification 
to existing branch circuits of less than 1.  m (6 ft)
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isting service or panelboard equipment 
without a complete overhaul or replace-
ment of the existing panelboard with a 
new, more modern panelboard that is 
compatible with today’s listed combina-
tion AFCI overcurrent devices.

When using listed outlet branch-cir-
cuit AFCI devices, the first receptacle 
outlet is specified as the location in an 
effort to limit confusion if the first outlet 
on the existing branch circuit happens to 
be a switch, luminaire, or smoke alarm 
outlet. If there are no receptacle outlets 
on the branch circuit that is to be ex-
tended, then a listed outlet branch-cir-
cuit AFCI device will need to be in-
stalled at the first receptacle outlet of the 
extension to the existing branch circuit. 

AFCI protection of the new extended wiring will 
have both series and parallel AFCI protection. �e 
existing branch circuit will only have series type 
AFCI protection upstream.

An existing panelboard that has the capabilities 
to accept current combination AFCI devices will 
allow the installer to choose to install an outlet 
branch-circuit AFCI at the first receptacle outlet, 
if desired, or to install a listed combination AFCI 
overcurrent device located at the origin of the 
branch circuit.

An exception to AFCI “Branch Circuit Exten-
sions or Modifications” indicates what is consid-
ered a “dwelling unit branch circuit extension” and 
clarifying that branch circuit conductors can be 
extended up to 1.8 m (6 ft.) without AFCI pro-
tection where no additional outlets or devices are 
installed. �ere are times when a service upgrade 
occurs or is needed at dwelling units. �is action 
can sometimes involve relocation of a panelboard, 
even a short distance, from the original location 
of the existing panelboard such as from a clothes 
closet to an acceptable location away from com-
bustible materials. �is situation can easily result 
in the existing branch circuit conductors being 
too short to reach their new location at the new 
panelboard. Often times, these branch circuits 

Photo 16.1. AFCI protection for modified  replaced or extended existing 
branch circuits can be deli ered by a listed AFCI outlet branch-circuit 
de ice or a combination AFCI o ercurrent de ice

Figure 16. . De ice or outlet box supported by wallboard or 
wall covering
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are spliced and extended using the old panel-
board cabinet as a junction box with the busbars 
removed. �is is a good example of an extension 
or modification that is exempted from AFCI pro-
tection with this exception to NEC 210.12(D) or 
IRC E3902.17 as long as no new outlets or devic-
es are added.

Support of ld- or  Style oxes
Outlet and device boxes must be supported in 
compliance with NEC 314.23 or IRC E3906.8. 
For existing installations, NEC 314.23(C) or IRC 
E3906.8.3 permits a flush installation in existing 
covered or finished surfaces where adequate sup-
port is provided by clamps, anchors or fittings. 
�ese types of boxes are often referred to as “old-
work” style boxes. Box manufacturers provide a va-
riety of mechanisms to support flush boxes from 
the existing building surface. Some are in the 
shape of a “W” bracket on the outside of the box, 
having a center bolt or screw with its head inside 
the box. After the conductors are inserted inside 
the box, the entire assembly is passed through the 
opening. �e “W” bracket snaps into place behind 
the wall surface and secures the box to the wall 
or ceiling covering by tightening the screw. Other 
devices, like captive wings or arms, are designed 
into nonmetallic old-work boxes [some people re-
fer to these as “snap-in,” “pop-in,” or “cut-in” style 

boxes] and swing out behind the Especially de-
signed sheet metal straps, sometimes referred to as 
“battleships” or “Madison clamps,” are often used 
to support metal or nonmetallic boxes that have 
ears from existing structural surfaces. �e side 
view of the strap looks like a navy battleship with 
smoke stacks. �e metal box with ears is installed 
from outside the wall with the plaster ears rest-
ing against the outside wall surface. A “battleship” 
clamp is inserted through the small space between 
the side of the box and the opening at each side 
of the box. �e ends of the clamp are bent inside 
the box to hold the box against the wall. A word 
of caution is appropriate here. When using these 
“battleships,” carefully bend them back tightly 
against the box to prevent an accidental contact 
with the terminals of the enclosed device. Electri-
cians have learned by experience to insulate con-
nections to wiring devices with vinyl or friction 
electrical tape to prevent accidental contact with 
metal boxes when installing this type of support.

Extending Type  Cables with 
Small Equipment Grounding 
Conductors
Some older Type NM cables used for branch 
circuits were manufactured with conductor insu-
lation of white and black and a bare equipment 
grounding conductor that was smaller than the 
circuit conductors. In many areas around the 
country, these small equipment grounding con-
ductors were “back wrapped,” meaning that they 
were wrapped around the end of the NM cable 
jacket with four or five turns and then secured 
under the cable clamp rather than being connect-
ed inside the box. �is type of termination is not 
uncommon when it comes to existing one- and 
two-family dwelling electrical systems. Howev-
er, this type of installation is a violation of NEC 
250.148 or IRC E3908.13, which requires that 
equipment grounding conductors be connected 
within or to the box with devices suitable for the 
use and used for no other purpose. All equipment 
grounding conductors must be connected togeth-

Photo 16.2. Front and bac  iew of a typical snap-in  style 
box
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er inside the box for continuity of the 
equipment grounding conductor system 
downstream in the branch circuit as well. 
A grounding screw or a listed grounding 
device, such as a grounding clip, must 
be used to make the connection of the 
equipment grounding conductor to the 
box.

Where a branch-circuit extension 
originates from an existing device, out-
let or junction box, any smaller sized 
(16 AWG) bare equipment grounding 
conductors should be treated carefully 
so they will not break. Connecting the 
existing cable conductors to a new Type 
NM cable assembly that has a larg-
er sized (14 or 12 AWG) equipment 
grounding conductor does not create a conflict or 
Code violation. For the most part, new Code rules 
are not retroactive.

Another method for extending the equipment 
grounding conductor would be to use a listed 
grounding device. �e new equipment grounding 
conductor could be attached to the existing metal 
box with a clip or ground screw. �is would prob-
ably be the best way to handle this situation. �e 
UL Product Safety Standard requires Type NM 
to have an equipment grounding conductor sized 
in accordance with NEC 250.122 or IRC Table 
E3908.12.

nob-and-Tube iring
NEC Article 394 covers knob-and-tube type 
wiring systems. �is wiring method was one of 
the first types to be used for wiring of buildings 
and, like the cable assemblies mentioned above, 
may have conductors that are old and brittle. �is 
information is included here so the electrician or 
inspection authority will gain additional infor-
mation on the particular types of problems that 
they are likely to encounter. Many older one- and 
two-family dwellings have had these systems in 
place since they were built. �ese wiring systems 
may still be safe. However, testing may be need-

ed to rule out past abuse, such as protecting the 
conductors with a higher than allowable fuse or 
breaker. �is is commonly called overfusing. Use 
of a Megger or meg-ohm meter is one method 
used to test for insulation integrity.

�e fact that the branch circuits do not contain 
an equipment-grounding conductor should not 
present a safety concern where the receptacles sup-
ply only two-wire appliances or lamps. Obviously, 
the metal boxes used at lighting and receptacle 
outlets are not grounded. �e electrician should 
approach these boxes carefully. Any work on the 
box, devices, or circuit should only be performed 

Figure 16.5. nob-and-tube wiring installed through rafters with 
running boards installed to pro ide protection

Photo 16. . Typical nob-and tube type wiring sometimes 
found in older dwellings
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after the circuit is shut off at the source, and then 
tested to ensure it is off.

Concealed knob-and-tube wiring was a wiring 
method that used knobs (porcelain cleats), tubes 
and flexible nonmetallic tubing (loom) for the pro-
tection and support of single insulated conductors. 
�ese conductors were concealed in the hollow 
spaces of walls and ceilings in buildings. Concealed 
knob-and-tube wiring is required to conform to 
NEC Article 394 and with the applicable provi-
sions of other articles, especially NEC Article 300.

ses Permitted for nob-and-
Tube iring
Concealed knob-and-tube wiring is permitted 
to be installed in the hollow spaces of walls and 
ceilings and in unfinished attic and roof spaces. 
Concealed knob-and-tube may only be used for 
extensions of existing installations. It is allowed 
for other applications only by special permission 
(the written consent of the authority having ju-
risdiction).

Installations in unfinished attics and roof spaces 
shall comply with NEC 394.23. If the unfinished 
attic or roof space is accessible by a stairway or 
permanent ladder, the conductors shall be installed 
along the side of or through bored holes in floor 
joists, studs or rafters. Conductors run through 
bored holes in the joists and in studs or rafters and 
2.1 m (7 ft) or less above the floor or floor joists 
are required to be protected by substantial running 
boards extending not less than 25 mm (1 in.) on 
each side of the conductors.

Running boards must be securely fastened in 
place. In unfinished attic and roof spaces not ac-
cessible by a stairway or permanent ladder, knob-
and-tube conductors are required to be installed 
along the sides of or through bored holes in floor 
joists, studs or rafters. Buildings that are or were 
completed before wiring is installed and having 
headroom at all points of less than 900 mm (3 ft) 
are not required to have the wiring installed along 
the sides of or through bored holes in floor joists, 
studs or rafters.

ses ot Permitted for nob-
and-Tube iring
Concealed knob-and-tube wiring cannot be in-
stalled in the hollow spaces of walls, ceilings and 
attics where such spaces are insulated by loose, 
rolled or foamed-in-place insulating material that 
envelops the conductors (NEC 394.12). �is rule 
requires some additional planning to maintain a 
safe installation where the wall cavities and the at-
tics of older homes are being insulated for energy 
conservation purposes.

Some inspection authorities use NEC 90.4 to 
permit insulation to be placed around knob-and-
tube wiring. �is should be used only where the 
wiring has been inspected and found to be in good 
condition. In addition, typical overcurrent protec-
tion in the form of circuit breakers or Type S fuses 
is installed. �is is to prevent fusing conductors at 
a higher ampacity than allowed by NEC 240.4(D) 
for smaller conductors.

eneral equirements for nob-
and-Tube iring
Conductors used for knob-and-tube branch-cir-
cuit wiring are required to be of a type specified 
by NEC Table 310.104(A). �e ampacity of knob-
and-tube branch-circuit wiring is determined by 
NEC 310.15. Generally, NEC Table 310.15(B)
(17) for “Allowable Ampacities of Single Insulat-
ed Conductors, Rated Up to and Including 2000 
Volts, In Free Air” is appropriate. Note the aster-
isks following 14, 12, and 10 AWG, which refer 
to the note at the bottom of the table. Unless per-
mitted otherwise by NEC 240.4, the overcurrent 
protection of 14 AWG is limited to 15 amperes, 
20 amperes for 12 AWG and 30 amperes for 10 
AWG copper [NEC 240.4(D) or IRC E3705.5.3]. 
Motor circuits are an example where the table am-
pacities may be used.

Knob-and-tube conductors are required to be 
rigidly supported on noncombustible, nonabsor-
bent insulating materials and shall not contact any 
other objects. �ese supports must be installed as 
follows:
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1. Within 150 mm (6 in.) of each side of each 
tap or splice, and

2. At intervals not exceeding 1.4 m (4½ ft)

In order to provide support in dry locations, 
NEC 394.30 permits fishing of conductors 
through hollow spaces if each conductor is indi-
vidually enclosed in flexible nonmetallic tubing 
(loom). �is tubing is required to be in continuous 
lengths between supports, between boxes, or be-
tween a support and a box.

Where solid knobs are used, conductors are re-
quired to be securely tied thereto by tie wires hav-
ing insulation equivalent to that of the conductor. 
Usually, split ceramic knobs with a base and cap 
with a captive mounting nail are used.

A clearance of not less than 75 mm (3 in.) must 
be maintained between conductors and of not less 
than 25 mm (1 in.) between the conductor and the 
surface over which it passes. Where space is too 
limited to provide the above minimum clearanc-
es, the conductors are required to be individually 
enclosed in flexible nonmetallic tubing (loom). 
�e loom is required to be in continuous lengths 
between the last support or box and the terminal 
point. Limited space is typically encountered at 
meter enclosures, panelboards, outlets, and switch 
points (NEC 394.19).

Where installed through holes in 
structural members in walls, floors, wood 
cross members, and so forth, conductors 
must comply with NEC 398.17 for open 
wiring on insulators. Ceramic tubes 
are installed in holes bored in framing 
members at a slight angle to prevent the 
tubes from falling out and leaving the 
conductor in contact with the wooden 
framing member. Where knob-and-tube 
conductors pass through wood cross 
members in plastered partitions, they 
are required to be protected by noncom-
bustible, nonabsorbent, insulating tubes 
extending not less than 75 mm (3 in.) 
beyond the wooden member.

Clearance from piping, exposed con-
ductors, and so forth, is required to conform to 
NEC 398.19 for clearances from other exposed 
conductors, piping, etc.

Splices in nob-and-Tube iring
All splices are required to be soldered unless ap-
proved (identified) devices such as split-bolts or 
wire connectors are used. In-line or strain splices 
are not permitted to be used (NEC 394.56). Typ-
ically, splices or taps in knob-and-tube wiring are 
made near a knob since rigid support is required 
within 150 mm (6 in.) [NEC 394.30(A)(1)]. �is 
rigid support is required to prevent any strain 
from being placed on the splice or tap connection.

Boxes are not required to be installed where 
conductors for knob-and-tube wiring are spliced 
or tapped. �is does not violate the requirement in 
NEC 300.15, which requires a box be installed for 
conductor splice points, as knob-and-tube wiring 
is not identified at NEC 300.15 as requiring a box. 
All boxes installed for knob-and-tube wiring must 
comply with NEC Article 314 [NEC 314.17(B) 
and (C)].

Switches used for knob-and-tube wiring are 
required to be installed to meet the requirements 
found in NEC 404.4 for damp and wet locations 
and 404.10(B) for mounting requirements.

Figure 16.6. unction box installed with nob-and-tube wiring using 
loom at transition points
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Changing from xisting nob-
and-Tube iring
A junction box must be installed at the junction 
of the two different wiring methods to properly 
convert a system of existing knob-and-tube wiring 
and allow an extension of Type NM nonmetal-
lic-sheathed cable to be used for the continuation 
or extension of a branch circuit. During remod-
els of dwellings, existing knob-and-tube wiring 
circuits that are to remain in service are typically 
“picked up” or supplied through a run of the new 
wiring method being used, whether a cable or 
raceway. �is junction or splice may be made at 
the end or in the middle of a run of knob-and-
tube wiring. Experience has shown that the fol-
lowing method at the end of a run provides for 
reasonable safety.

Step 1. Verify that 120 volts exists between the 
conductors to be extended. �eir size will typically 
be 14 or 12 AWG copper.

Step 2. Determine which one is the ungrounded 
conductor or “hot leg.” It will be necessary to use 
some form of voltage tester with one lead attached 
to a grounded object such as a grounded metal wa-
ter pipe. Voltage testers that indicate the presence 
of voltage by recognizing the magnetic field with-
out direct connection to an equipment ground are 
also useful.

Step 3. After identifying the ungrounded (hot) 
conductor of the circuit, remove the branch circuit 
fuse or turn the circuit breaker off at the panel-
board. Check to make sure the circuit is not en-
ergized.

Step 4. Install a junction box to be used for the 
splice in an accessible location near the knob-and-
tube wiring circuit to be supplied. Using a non-
metallic junction box is a common alternative that 
will avoid inductive heating problems. If a metal 
box is used, steps need to be taken to eliminate 
heating surrounding metal by induction such as 
cutting a slot between the knockouts through 

which the individual conductors enter into the box 
(NEC 300.20). Perhaps a better solution would be 
to avoid any heating of conductors and metal by 
installing a cable connector large enough so both 
the hot and neutral conductors, contained inside 
loom, enter the box through the same connector.

Step 5. Place loom over each conductor from the 
last knob and route the conductors into the junction 
box leaving adequate length for making the needed 
connections. For metal boxes, NEC 314.17(B) re-
quires that flexible tubing (loom) must extend from 
the last support (knob) and be secured to the box. 
Cable connectors suitable for Type NM cable can 
be used to connect the conductor and loom to the 
box. Where a nonmetallic junction box is used, the 
conductors are required to enter through individual 
holes with the loom extending not less than 6 mm 
(¼ in.) inside the box.

Conductors of a type included in NEC Table 
310.104(A) can be used where it is necessary to 
add new and additional conductor(s) due to the 
existing knob-and-tube wiring being too short. 
�is includes conductors with Type TW, THW, 
THHN and XHHW insulation. In this case, 
place loom over the new conductor between the 
last knob and the junction box.

As mentioned earlier, splices for knob-and-
tube wiring are not required to be in a box (NEC 
300.15). �e use of a properly sized split-bolt 
connector is ideal where a splice to existing knob-
and-tube wiring is to be made. Add insulation 
over the splice in the form of a snap-on insulator 
cover or with vinyl electrical tape.

Step 6. Install the Type NM cable or other new 
wiring method to the box, make the connections 
and install the box cover. If the Type NM cable is 
from a branch-circuit panelboard to supply pow-
er to the knob-and-tube wiring, the equipment 
grounding conductor can be used to ground a 
metal box.

Step 7. Ground the metal junction box if re-
quired by NEC 250.86. Note that Exception No. 
1 permits metal enclosures, such as junction boxes, 



Chapter  16 — Existing Electrical Installations and Wiring  471

Figure 16.7. Installation of tap conductors to new luminaires

Figure 16. . eceptacle replacement options where grounding means 
exist in the outlet box

to not be connected to an equipment grounding 
conductor where they are added to existing in-
stallations of knob-and-tube wiring that does not 
have an equipment ground, if they are in runs of 
less than 7.5 m (25 ft), are free from probable con-
tact with ground, grounded metal, metal lath or 
other conductive material, and if guarded against 
contact by persons. NEC 250.110(1) requires that 
equipment likely to become energized be connect-
ed to an equipment grounding conductor where 
within 2.5 m (8 ft) vertically or 1.5 m (5 ft) hori-
zontally of grounded metal objects and subject to 
contact by persons.

Replacing Existing 
Luminaires
Branch circuits in existing homes are of-
ten wired with rubber or other conductor 
insulation rated 60°C. �e new replace-
ment luminaire is usually intended and 
identified to be connected to a wiring 
method having 90°C insulation. Where 
branch-circuit conductors do not have a 
temperature rating suitable for the rat-
ing specified on the luminaire, luminaire 
tap conductors with suitable tempera-
ture ratings would need to be installed 
from the luminaire to the branch-circuit 
outlet box. �is is an alternative to re-
placing the entire existing branch-cir-
cuit conductors with conductors that do 
have the proper temperature rating. �is 
technique could also be used where the 
luminaire is supplied with a fixture whip.

Tap conductors with an insulation that 
will withstand the temperature encoun-
tered in the luminaire are permitted to 
be run from the point where the con-
ductors are spliced to the fixture wires 
to an outlet box placed at least 300 mm 
(12 in.) away from the luminaire. �ese 
tap conductors are required to be in a 
suitable raceway or within Types AC or 
MC cable that is at least 450 mm (18 
in.) long but not more than 1.8 m (6 ft) 
in length.

Examples of suitable raceways include types 
such as electrical nonmetallic tubing, flexible me-
tallic tubing, flexible metal conduit and liquidtight 
flexible metal or liquidtight flexible nonmetallic 
conduit (NEC 410.117).

�e electrical installer, inspector and designer 
must always consider the purpose to be served by 
this 450 mm (18 in.) to 1.8 m (6 ft) whip: that 
it is intended to provide conductors with a high 
temperature rating to withstand safely the heat 
generated in the luminaire. It also serves to limit 
the heat transfer to conductors that have insula-
tion with a lower temperature rating.
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�e wording used in the Code indicates that the 
outlet box has to be placed at least 300 mm (12 
in.) away from the luminaire. �is does not imply 
that the box can float or not be secured. �e Code 
requires all outlet boxes to be rigidly and securely 
fastened in place.

In some cases, the dimension of the luminaire 
opening is too narrow to see the box, much less 
inspect the wiring within it. �e diameter of the 
circular opening in a ceiling may be as small as 115 
mm (4½ in.). Many electrical inspectors would no 
doubt consider such a junction box as not accessible. 
�e method for making luminaire tap connections 
should not be applied unless the outlet box itself is 
accessible through some other means of access. An 
open space above the box such as an attic, soffit, or 
crawl space may be used to gain access to the box. 
Another option is to locate the junction box so the 
cover is flush with the ceiling. �e connections are 
then accessible through its cover.

Outlet boxes are considered accessible where lo-
cated above a suspended or dropped ceiling where 
the box can be properly secured. Ceiling framing 
members are permitted to support the box, which 
can be fastened to the framing members by me-
chanical means such as bolts, screws, rivets, or by 
the use of approved clips. Ceiling support wires 
that do not give secure support shall not be used 

as the sole support for outlet boxes. Sup-
port wires and associated fittings togeth-
er with the ceiling grid are permitted to 
support the box. Support wires are re-
quired to be secured on both ends.

Replacing on- rounding 
Type Receptacles
Under current Code requirements, re-
ceptacles that are installed on 15- and 
20-ampere branch circuits are required to 
be of the grounding type. It follows that 
the Code will also require that receptacles 
and cord connectors that have grounding 
contacts have those contacts effectively 
grounded. Effective grounding is accom-

plished by connecting the receptacle to a grounded 
enclosure or to an equipment grounding conductor. 
Often, grounded enclosures or equipment ground-
ing conductors are not found in older wiring systems. 
So the Code has provisions that allow a replacement 
receptacle to be either the non-grounding type or 
to have a grounding terminal that is ungrounded. 
Where used for replacement of grounding-type 
or non-grounding-type receptacles, arc-fault cir-
cuit-interrupter (AFCI) type and ground-fault 
circuit-interrupter (GFCI) type receptacles shall be 
installed in a readily accessible location. �ese con-
ditions are found in NEC 406.4(A) through (D).

Where a Grounding Means Exists in the Box
Where a grounding means exists in the box or 

an equipment grounding conductor is installed, 
grounding-type receptacles must be installed, and 
the grounding terminal of the receptacle must be 
connected to the equipment grounding conductor 
[NEC 406.4(A), 406.4(D)(1) or IRC E4002.2]. 
See the section on “Grounding of Branch-Circuit 
Extensions” later in this chapter for a discussion 
on this subject.

Where a Grounding Means Does Not Exist in the 
Box

Where a grounding means (or equipment 

Figure 16.9. Replacement of receptacle options where a grounding 
means does not exist in the outlet box
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grounding conductor) does not exist in the recep-
tacle enclosure, usually a device box, three options 
are provided for replacement of receptacles in NEC 
406.4(D)(2): (a) a non-grounding-type receptacle 
can be used to replace the existing non-grounding 
receptacle; (b) a ground-fault circuit-interrupt-
er-type receptacle can be used to replace the non-
grounding-type receptacle; or (c) a non-ground-
ing-type receptacle is permitted to be replaced 
with a grounding-type receptacle where supplied 
through a ground-fault circuit interrupter.

Some additional requirements apply if an ex-
isting non-grounding-type receptacle is replaced 
with a grounding-type:

1. Where a ground-fault circuit interrupt-
er-type receptacle is used to replace a non-
grounding-type receptacle, the replacement 
receptacle must be marked “No Equipment 
Ground” on the receptacle or on it’s cover 
plate. �is marking is to inform the user that 
even though a grounding terminal is present 
in the device, an equipment grounding con-
ductor is not connected to the device. �is 
fact may be important, as some equipment 
requires a grounding connection in order 
to function properly. An example is a surge 
protection device commonly used to protect 
sensitive electronic equipment. �is type of 
equipment is often found in dwellings and 
includes computers, many types of televi-
sions, and audio equipment. An equipment 
grounding conductor is not permitted to be 
connected from the GFCI receptacle to any 
outlet supplied from the GFCI.

2. An existing non-grounding-type recepta-
cle can be replaced with a grounding-type 
where protected on the supply side by a 
GFCI device. �e GFCI protection is 
permitted to be either a circuit breaker or 
receptacle-type. Grounding-type recepta-
cles installed under this provision must be 
marked. with the words “GFCI Protected” 
and “No Equipment Ground” on the recep-
tacle or the cover plate. Again, this identifi-

cation is intended to inform the user of the 
receptacle that only a GFCI device protects 
the grounding-type receptacle and that an 
equipment-grounding conductor is not 
connected to the receptacle.

It is not permitted to install an equipment 
grounding conductor from a GFCI-type recep-
tacle to other downstream receptacles where an 
equipment grounding conductor is not supplied 
to the enclosure for the GFCI device. �is is to 
prevent the false impression that an equipment 
grounding terminal of the receptacle is functional.

�e design of a GFCI device is such that it will 
function to protect people from shock hazards as-
sociated with the use of electrical equipment sup-
plied from the GFCI device, even though it is not 
connected to an equipment grounding conductor. 
�is is due to its ability to sense the imbalance of 
current when a part of the current passing through 
the device (usually the “hot” conductor) does not 
return through the device (usually the neutral 
conductor). It has been accurately described as an 
“imbalance detector” (see figure 10.1 in Chapter 
10 for a graphic illustration of the principals of a 
GFCI device).

Where a GFCI device is installed in an outlet 
box as a replacement for a non-grounding-type 
receptacle, care must be taken in testing the opera-
tion of the device. �e “push to test button” on the 
receptacle will properly test the operation of the 
device due to the internal connections of the cir-
cuitry. Likewise, a “push to test” of a circuit breaker 
that may be installed in the panelboard ahead of 
the receptacle will properly test the operation of 
the GFCI circuit protection features. However, 
using a GFCI plug-in-type tester will not cause 
the GFCI-type receptacle or circuit breaker to op-
erate. �at is due to the design of the tester, which 
passes current over the equipment-grounding 
circuit path. Since an equipment grounding con-
ductor is not present, there is no path for the test 
current to flow over.

Additional precautions must be taken when 
testing GFCI-protected receptacles with a plug-



474

in-type tester where metal cover plates 
are installed on receptacles. �is includes 
both indoor and outdoor locations. As 
previously stated, the design of the plug-
in-type GFCI tester is to pass a small 
current over the equipment-grounding 
conductor path. Since there is no equip-
ment-grounding conductor path, the tes-
ter simply energizes the metal cover plate. 
A shock hazard to the person making the 
test will occur where the person provides 
a path for the test current to flow over. Be 
certain to follow the tester manufacturer’s 
instructions in using the tester on circuits 
where an equipment-grounding conduc-
tor is not provided.

Grounding of ranch-Circuit 
Extensions
Where no equipment grounding conductor exists 
at older dwelling units, it is possible to install a 
new equipment grounding conductor to an ex-
isting non-grounded outlet. NEC 250.130(C) 
indicates that a conductor installed to provide an 
equipment grounding conductor for an existing 
circuit is permitted to be connected to any of the 
following:

1. Any accessible point on the grounding elec-
trode system. Examples of permitted con-
nection points are the underground metal 
water pipe within 1.52 m (5 ft) of where it 
enters the building or an exposed portion of 
a driven ground rod.

2. Any accessible point on the grounding elec-
trode conductor

3. �e equipment grounding terminal bar 
within the enclosure where the branch cir-
cuit for the receptacle originates

4. An equipment grounding conductor that 
is part of another branch circuit that orig-
inates from the enclosure where the branch 
circuit for the receptacle or branch circuit 
originates

5. For grounded systems, the grounded (neu-
tral) service conductor within the service 
equipment enclosure. �is is accomplished 
by connecting the equipment grounding 
conductor to the neutral bar inside the ser-
vice panelboard.

For several Code cycles now, the Code has not 
allowed the use of the grounding terminals of re-
ceptacles to be grounded to interior metal water 
pipes that are bonded to the service-equipment 
enclosures or neutral conductor at the service. 
�is was an additional effort by the code-making 
panel to reduce the use of interior metal water 
piping for equipment grounding or bonding pur-
poses as repairs to the piping with nonmetallic 
materials interrupt the equipment-grounding 
path.

Permission to use an equipment grounding 
conductor that is not run with the circuit con-
ductor is the exception, not the rule! Generally, 
NEC 250.134(B) requires that the equipment 
grounding conductor be run with the circuit 
conductors. NEC 300.3(B) or IRC E3406.7 
also requires this. �is is an effort to keep all 
the circuit conductors, including the equipment 
grounding conductor, together to keep the circuit 
impedance as low as possible. Exception No. 1 to 

Figure 16.10. quipment grounding conductor for branch-circuit 
extensions or grounding receptacles
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NEC 250.134(B) allows the equipment 
grounding conductor, installed from the 
equipment-grounding terminal of the 
receptacle to one of the locations men-
tioned above, to be routed other than 
with the branch-circuit conductors.

�e Code requires that metal enclo-
sures for other than service enclosures 
be grounded. Generally, this grounding 
must be accomplished by connection 
to the equipment grounding conductor 
run with the circuit conductors.

eplacement here GFCI 
Protection Is equired
�e Code requirements are usually not 
retroactive. However, NEC 406.4(D)(3) requires 
that an existing non-GFCI receptacle comply 
with the GFCI-protection requirements for 
15- and 20-ampere, 125-volt receptacles at the 
time the receptacle is replaced if that receptacle 
location would now require GFCI protection 
under current Code requirements. First, check 
the list of locations where GFCI protection is 
required. Most of the locations associated with 
one- and two-family dwellings are found in 
NEC 210.8(A) or IRC E3902. If the location of 
the existing receptacle is one that now requires 
GFCI protection, the replacement receptacle 
must be GFCI-protected. �is requirement ap-
plies whether or not the original receptacle was 
provided with GFCI protection. GFCI protec-
tion can be in the form of a GFCI receptacle 
installed at the location where GFCI protection 
is required or by a GFCI-type circuit breaker to 
protect the circuit supplying the receptacle(s). 
An example of where a GFCI-type circuit break-
er would or could be used is where replacement 
of the receptacle type is impracticable, such as 
where the outlet box size will not permit the 
installation of the GFCI receptacle. In this case, 
the existing receptacle could be replaced with a 
new receptacle of the existing type, with GFCI 
protection provided in the circuit breaker form 

and the receptacle is marked “GFCI Protected” 
and “No Equipment Ground,” in accordance 
with NEC 406.4(D)(2) [see NEC 406.4(D)(3), 
Exception].See Chapter 10 in this book for lo-
cations where GFCI protection for receptacles 
is required.

It is important to understand that this re-
quirement for GFCI protection applies whether 
or not a grounding means exists in the box. If 
a grounding means exists in the box, or one is 
added in accordance with NEC 250.130(C), the 
grounding terminal of the GFCI device must be 
grounded. If a grounding means does not exist 
in the box, a GFCI device is permitted to be 
installed under the conditions of NEC 406.4(D)
(2), which were discussed earlier in this chapter. 
�e IRC does specifically address replacement 
receptacles and GFCI requirements for replace-
ment receptacles. �ese situations are addressed 
in the IRC in Appendex J (Existing Buildings 
and Structures). It should be noted that the pro-
visions contained in this appendix are not part 
of the IRC and are not mandatory unless specif-
ically referenced by an adopting ordinance. �e 
specific IRC references are in AJ301 (Repairs) 
(AJ301.3, Ex. No. 3) and in AJ501 (Alterations) 
(AJ501.5.3.3).

Figure 16.11. eceptacle replacement where FCI is now required by 
the Code predicates the use of GFCI protection
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eplacement here AFCI 
Protection Is equired
Similar to the ground-fault circuit in-
terrupter (GFCI) requirement for re-
placement receptacle outlets, the Code 
also has provisions requiring arc-fault 
circuit interrupter (AFCI) protection 
for replacement receptacle outlets sup-
plied by branch circuits that require 
AFCI protection elsewhere in the Code 
[NEC 406.4(D)(4)]. �is requirement 
provides much needed AFCI protec-
tion in older existing homes, as US 
Consumer Product Safety Commission 
data indicates that over 90 percent of 
fires of electrical origin are in homes 
over 10 years of age. Prior to this re-
quirement, AFCI protection in older homes was 
typically not provided unless circuit breakers 
were replaced or when the service was upgraded 
even though previous editions of the Code did 
not require the use of AFCI type circuit breakers 
when the replacement of circuit breakers individ-
ually or in a complete replacement as in a service 
upgrade. AFCI protection was only required at 
an existing dwelling when a new branch circuit 
was added or existing branch circuits are extend-
ed or modified that served receptacle outlets in 
an area that required AFCI protection such as a 
bedroom, living room, den, etc.

�e language in this AFCI requirement for 
existing dwellings allows AFCI protection to be 
provided by either an AFCI circuit breaker or by 
an AFCI outlet branch-circuit (OBC) receptacle 
when an existing receptacle is replaced. Both the 
AFCI outlet branch-circuit devices and AFCI cir-
cuit breaker will provide protection for all recepta-
cles and other outlets that are downstream on the 
branch circuit. �e UL standard for AFCIs (UL 
1699) covers outlet branch-circuit (OBC) type 
AFCI receptacles. An OBC type AFCI recep-
tacle provides series arcing protection upstream 
and downstream from its point of installation and 
parallel arc protection upstream (backward) of 
that point.

According to NEC 406.4(D)(4), Ex. No. 1, 
AFCI protection is not required for replacement 
receptacle outlets supplied by branch circuits that 
require AFCI protection elsewhere in the Code 
where all of the following apply: 

1. �e replacement complies with NEC 
406.4(D)(2)(b) (non-grounding-type re-
ceptacle(s) replaced with GFCI receptacle)

2. It is impracticable to provide an equipment 
grounding conductor as provided by NEC 
250.130(C)

3. A listed combination type AFCI circuit 
breaker is not available (such as older pan-
elboard that does not accept newer AFCI 
overcurrent devices)

4. GFCI/AFCI dual function receptacles are 
not commercially available

It should also be noted that the exception for 
210.12(D) does not apply to replacement recepta-
cles. �is AFCI exception omits AFCI protection 
where extensions of existing conductors is not 
more than 1.8 m (6 ft) and does not include any 
additional outlets or devices. Again, this exception 
does not apply to replacement receptacles (NEC 
406.4(D)(4), Ex. No. 2).

Figure 16.12. eceptacle replacement where AFCI is now required by 
the Code requires AFCI protection on that branch circuit
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eplacements - here Tamper-
esistant or eather- esistant 
eceptacles Are equired

Listed tamper-resistant receptacles are required 
for replacement receptacle outlets where that re-
placement is made at receptacle outlets that are 
required to be tamper-resistant elsewhere in the 
Code, except where a non-grounding receptacle 
is replaced with another non-grounding recepta-
cle [NEC 406.4(D)(5)]. �is requirement is very 

similar to the existing ground-fault cir-
cuit interrupter (GFCI) requirement 
for replacement receptacle outlets and 
for arc-fault circuit interrupter (AFCI) 
protection for replacement receptacles. 
A similar requirement exists for weath-
er-resistant receptacles at NEC 406.4(D)
(6). Substantiation for tamper-resistant 
receptacles indicated that an average of 
2,400 children per year was injured by 
inserting foreign objects (paper clips, 
keys, etc.) into energized electrical re-
ceptacles. �e number of existing dwell-
ings is far greater than new residential 
construction, so this tamper-resistant 
receptacle requirement rule has a greater 
impact on safety for small children than 

if required on new construction only.
�is requirement will require existing non-tam-

per-resistant receptacles to be replaced with 
tamper-resistant receptacles at existing dwell-
ings where a replacement is made at receptacle 
outlets that are required to be tamper-resistant 
by NEC 406.12 and 550.13 (mobile homes) or 
IRC E4002.14. �ese Code references require 
tamper-resistant receptacles at any dwelling unit 
receptacle specified at NEC 210.52 (Dwelling 
Unit Receptacle Outlets) and IRC E3901.1. �is 
would require tamper-resistant receptacles at the 
majority of dwelling unit receptacle locations. 
See Chapter 10 and Table 10.1 for specific areas 
or rooms requiring tamper-resistant receptacles 
at dwelling units. Also see Chapter 13 for more 
detail and information on the specific functions of 
tamper-resistant receptacles.

It should be noted that not only are listed tam-
per-resistant receptacles required for 15- and 
20-ampere, 125-volt nonlocking-type receptacles 
in the areas specified in NEC 210.52 and 550.13 
or IRC E4002.14, but listed tamper-resistant re-
ceptacles are also required for 250-volt nonlock-
ing-type receptacles in those areas as well.

�is same receptacle replacement requirement 
holds true for receptacles were weather-resistant 
receptacles are required elsewhere in the Code 

Figure 16.1 . Tamper-resistant receptacles are required for most 
replacement receptacles

Photo 16. . eather-resistant receptacle is required in 
damp or wet locations for replacement receptacles
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[NEC 406.4(D)(6)]. Weather-resistant 
receptacles are required at all 15- and 
20-ampere, 125- and 250-volt nonlock-
ing receptacles installed in damp or wet 
locations. Without a weather-resistant 
receptacle in these damp and wet loca-
tions, deterioration and other detrimen-
tal conditions have a negative effect on 
non-weather-resistant receptacles, often 
resulting in receptacle faces becoming 
brittle and breaking. Receptacles in these 
damp and wet locations are often still 
exposed to varying degrees of moisture, 
UV rays, and varying degrees of low and 
high temperatures. Non-weather-re-
sistant receptacles have not been con-
structed or evaluated for such exposure 
to these conditions.

�is weather-resistant receptacle re-
quirement mandates weather-resistant 
receptacles in existing buildings and 
structures when existing receptacles are 
replaced in damp and wet locations. 
Without this requirement for weath-
er-resistant receptacles to be installed 
at the time of replacement, a regular 
non-weather-resistant receptacle could 
be installed and subjected to the same 
failures as the receptacle being replaced 
[NEC 406.4(D)(6)].

Replacement of Switches 
here o rounding 

Means Exists in the Box
Snap switches are generally required to be effec-
tively grounded. In addition, the snap switch must 
provide a means to ground a metal faceplate in 
the event a metal faceplate is installed at the time 
of installation or later [NEC 404.9(B) or IRC 
E4001.11.1]. �e Code includes three exceptions 
to the grounding requirement for snap switches. 

�e first exception applies to snap switches for 
replacement purposes only where no equipment 
grounding means exists within the box or where 

the existing wiring method does not include or 
provide an equipment grounding conductor. �ere 
are several conditions that apply to this first ex-
ception.  A snap switch that is wired under the 
provisions of Exception No. 1 to NEC 404.9(B) or 
IRC E4001.11.1 Ex. No. 1 and located within 2.5 
m (8 ft) vertically, or 1.5 m (5 ft) horizontally, of 
ground or exposed grounded metal objects must 
be provided with faceplates of nonconducting 
noncombustible material with nonmetallic attach-
ment screws (unless the switch mounting yoke is 

Figure 16.1 . x. o. 1 of 0 . ( ) for the grounding requirements for 
replacement snap switches

Figure 16.15. Grounding is generally required for replacement 
luminaires
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nonmetallic) or shall be protected by a ground-
fault circuit interrupter.

Exception No. 2 addresses listed switch kits and 
listed switch assemblies constructed with nonme-
tallic yokes and equipped with nonmetallic face-
plates. �ese switches are not designed for, and have 
no provisions for, attaching a metallic faceplate to 
them. Since only a nonmetallic faceplate can be at-
tached to these switches, it is only logical to exempt 
these switches from grounding requirements. �e 
nonmetallic faceplates of these listed kit or assem-
blies cannot be installed on any other type of device 
and these devices do not have mounting means to 
accept other types of faceplates. 

Exception No. 3 speaks to snap switches with 
integral nonmetallic enclosures. �ese switch en-
closures must meet the requirements of 300.15(E) 
(Integral Enclosure). �ese switches incorporate 
integral nonconductive (nonmetallic) faceplates 
and inherently cannot interchange faceplates, 
metal or otherwise. With the design of these non-
metallic devices, there is no need in providing a 
means to connect a metal faceplate to an EGC.

See NEC 404.9(B) or IRC E4001.11.1 and the 
exceptions to these rules for specific information 
on grounding of general-use snap switches.

Replacing Luminaires Where No Grounding 
Means Exists in the Box

�e Code requires that luminaires be grounded 
in accordance with Part V of NEC Article 410. 
NEC 410.42 and IRC E4003.3 require exposed 
metal parts of luminaires to be connected to an 
equipment grounding conductor or insulated from 
the equipment grounding conductor and other 
conducting surfaces or inaccessible to unqualified 
personnel. Luminaire accessory parts such as lamp 
tie wires, mounting screws, clips, and decorative 
bands on glass spaced at least 38 mm (1½ in.) 
from any lamp terminal are not required to be 
grounded. Luminaires with exposed metal parts 
are required to be manufactured with a means for 
connecting an equipment grounding conductor to 
such luminaires. NEC 410.44 requires luminaires 
to be grounded by connection to an equipment 
grounding conductor. 

NEC 410.44, Ex. No. 1 permits luminaires made 
of an insulating material that are not provided a 
ready means to an equipment grounding conduc-
tor to be made of an insulating material and have 
no exposed conductive parts in lieu of a grounding 
connection to an equipment grounding conductor.

A second exception for existing installations 
allows a separate equipment grounding conduc-
tor to be installed [NEC 250.130(C)]. In older 
homes, a grounding means may not exist at the 
outlet box. �e Code provides an alternative meth-
od of installing a separate equipment grounding 
conductor to allow for installation of luminaires 
that are required to be grounded. Basically, the 
same provisions are permitted for both luminaire 
and receptacle outlets where there is no grounding 
means at the outlet box. An equipment grounding 
conductor is permitted to be installed from the 
lighting outlet to one of the following connection 
points listed below:

1. Any accessible point on the grounding elec-
trode system

2. Any accessible point on the grounding elec-
trode conductor

3. �e equipment grounding terminal bar 
where the branch circuit originates

4. An equipment grounding conductor that 
is part of another branch circuit that orig-
inates from the enclosure where the branch 
circuit for the receptacle or branch circuit 
originates5. For grounded systems, the 
grounded service conductor within the ser-
vice equipment enclosure. �e connection is 
made to the neutral terminal bar.

A third exception to NEC 410.44 permits GFCI 
protection in place of an externally-installed 
equipment grounding conductor where luminaires 
are supplied by an existing circuit that does not 
have an equipment grounding conductor. �is ex-
ception is similar to that provided for receptacles 
and snap switches supplied from older circuits 
without an equipment grounding conductor. �is 
exception applies to the replacement luminaires 
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Figure 16.16. Separate equipment grounding conductor permitted 
to be installed where a grounding means does not exist at luminaire 
outlet box

Figure 16.17. Grounding the frame of existing ranges and dryers 
permitted to use the grounded conductor for grounding under specific 
conditions

only where no equipment grounding conductor 
exists at an existing outlet.

rounding Coo ing Appliances 
and Clothes Dryers on Existing 
Branch Circuits
�e Code requires that the metal frames of ranges 
and dryers be grounded. A new installation must 

utilize the equipment grounding con-
ductor that is required to be run with the 
branch circuit conductors as the ground-
ing method. NEC 250.140 Exception 
permits the frames of existing ranges, 
wall-mounted ovens, counter-mount-
ed cooking units, clothes dryers, and 
outlet or junction boxes that are a part 
of the supply circuit to be grounded to 
the grounded (neutral) conductor of an 
existing branch-circuit. �ere are four 
important conditions that apply:

1. �e supply circuit is 120/240-volt, 
single-phase, 3-wire; or 208Y/120-
volt derived from a 3-phase, 4-wire, 
wye-connected system.

2. �e grounded (neutral) conductor 
is not smaller than 10 AWG copper 
or 8 AWG aluminum.

3. �e grounded (neutral) conductor 
is insulated; or the grounded (neu-
tral) conductor is uninsulated and 
part of a Type SE service-entrance 
cable and the branch circuit origi-
nates at the service equipment. 

�e first words of this item, “�e 
grounded (neutral) conductor is in-
sulated,” permit the use of three-con-
ductor Type NM cable (one without a 
bare equipment-grounding conductor). 
Where the branch circuit originates at a 
panelboard on the load side of a service, 
the grounded circuit conductor must be 

an insulated conductor. �is helps to prevent the 
neutral conductor from being accidentally bonded 
to the equipment grounding conductor.

4. Grounding contacts of receptacles furnished 
as part of the equipment are bonded to the equip-
ment. (Note: Receptacle outlets are no longer fur-
nished on listed electric ranges).

Ranges and dryers in mobile homes and rec-
reational vehicles are not permitted to use the 
grounded (neutral) conductor to ground equip-
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ment. So the exception described above does not 
apply to circuits supplying ranges and dryers in 
structures covered by the Scopes of Articles 550, 
Mobile Homes, and 551, Recreational Vehicles 
(NEC 250.140). For grounding of new ranges and 
dryers, see Chapter 7 of this text.

oads for Additions to 
Existing Installations Standard 
Calculations
NEC 220.16(A) covers loads for structural addi-
tions to existing dwelling units, or to a previously 
unwired portion of an existing dwelling unit, ei-
ther of which exceeds 46.5 m2 (500 sq ft). �ese 
loads are required to be computed in accordance 
with NEC 220.12 (lighting loads) and 220.14 
(other loads).

Loads for new circuits or extended circuits in 
previously wired dwellings units are required to be 
computed on a volt-amperes-per-square-foot ba-
sis, together with the specific loads for each outlet. 
�e process is the same of that required for calcu-
lating loads in a new dwelling.

Optional Calculations
NEC 220.83 permits an optional calculation for 
additional loads in dwelling units that are pres-
ently being served by an existing 120/240-volt or 
208Y/120-volt, 3-wire service. �e required load 
calculations are as follows:

�e nameplate load of appliances that are fas-
tened in place, permanently connected or located 
to be on a specific circuit, ranges, wall-mounted 
ovens, counter-mounted cooking units, clothes 
dryers, water heaters and space heaters must be 
used.

After making the load calculation, a 100% demand 
factor from NEC 220.83(A) is applied to the first 8 
KVA of load. A demand factor of 40% is then ap-
plied to the remainder of the load where additional 
air-conditioning equipment or electric space-heating 
equipment is not going to be installed.

�e calculation would be similar for a dwelling 

unit where air-conditioning or electric space-heat-
ing equipment will be added or installed. �e 
initial step is to add (at 100%) the largest load 
of either the air-conditioning or central electric 
space-heating equipment (including less than four 
separately controlled space-heating loads). �e 
smaller of these two loads is considered a nonco-
incident load per NEC 220.61, and only the larger 
load is calculated, since both loads will not be op-
erating at the same time.

 �en add in the “other loads.” �e other loads 
include: lighting at 3 volt-amperes per square foot; 
1500 volt-amperes for each 2-wire small appliance 
branch circuit; 1500 volt-amperes for each laun-
dry branch circuit; and any range or wall-mounted 
oven and counter-mounted cooking unit and oth-
er appliances that are permanently connected or 
fastened in place, at their nameplate ratings. 

*Use larger connected load of air-conditioning 
and space-heating units, but not both (220.61).

“Other loads” include: 1500 volt-amperes 
for each 20-ampere appliance branch circuit; 
1500-volt-amperes for the laundry circuit, light-
ing and general receptacle/portable appliance 
load at 3 volt-amperes per square foot; household 
range or wall-mounted oven and counter-mount-
ed cooking unit at their nameplate ratings, and all 
other appliances fastened in place.

Branch Circuits Required
It is common practice to require compliance with 
the presently adopted edition of the Code for ar-
eas or rooms being remodeled or where rooms or 
spaces are being added to the dwelling. For exam-
ple, a utility room for laundry equipment is being 
added to the structure. In this case, a 20-ampere 
circuit for laundry equipment is generally required 
by the inspection authority. A switch-controlled 
lighting outlet should also be installed. On the 
other hand, where a circuit is being added to an 
existing kitchen for a small appliance such as a mi-
crowave oven, it is not common to require that the 
entire kitchen be rewired to meet the current Code. 
It is generally felt that the additional circuit is an 
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with the requirements of the presently ad-
opted Code(s). �ere is no such provision 
or requirement in the NEC for existing 
dwellings. �e IRC defines extensive al-
teration as “an alteration when the total 
area of all the work areas included in an 
alteration exceeds 50 percent of the area of 
the dwelling unit.” In this case, the work 

is considered a reconstruction and shall 
comply with the requirements of the IRC 
for reconstruction work (IRC Appendix J 
AJ501.3). Verify these requirements, which 
usually are adopted by regulation, ordinance 
or administrative Code, with the inspection 
authority in your area.

dison- ase Type Plug 
Fuses
It is not uncommon to find Edison-base 
type fuses for overcurrent protection in 

significantly older dwelling units. �ese 
Edison-based fuses are round, screw-in 
type fuses. �ey are often referred to as 
plug fuses. �ey come in 15-, 20-, and 
30-ampere sizes and are screwed directly 
into the electrical panelboard or fuse-
holder. Plug fuses typically control 120-
volt circuits that normally feed lighting 
and receptacle loads throughout older 
dwellings. Plug fuses have a metal alloy 
ribbon inside that carries the current 
of the branch circuit. In the case of a 
ground fault or overload, the ribbon will 
melt and open the circuit. When this oc-
curs, these plug or screw-in fuses must 
be replaced.

NEC 240.51 covers the classification 
for plug fuses of the Edison-base type. 

�ey are classified at not over 125 volts and at 30 
amperes or less. �e use of an Edison-base type of 
plug fuse is restricted to replacements in existing 
installations where there is no evidence of overfus-
ing or tampering.

�e most common abuse of this type of fuse 

Table 16.1. See NEC 220. (A)

Table 16.2. See NEC 220. ( )

Figure 16.1 . ain  range and four  o ercurrent protection found in 
many older dwelling

improvement over the existing wiring system, so 
safety is being enhanced.

Some building codes have a provision regard-
ing percentages of remodeling or addition(s) to 
existing structures that can be made before the 
entire structure must be brought into compliance 



Chapter  16 — Existing Electrical Installations and Wiring  483

is when they are oversized, such as a 30-ampere 
(green) fuse being used for protection of 15- or 
20-ampere rated conductors. An Edison-base 
fuseholder is permitted to be installed only where 
it is made to accept Type S fuses by the use of 
adapters (NEC 240.52).

Where there is evidence of overfusing or tam-
pering, a Type S fuse must be installed. It must be 
of the plug type, and is required to be classified 
at not over 125 volts and 0 to 15 amperes, 16 to 
20 amperes and 21 to 30 amperes. A Type S fuse, 
of an ampere classification as specified here, is 
not permitted to be interchangeable with a lower 
ampere classification. A Type S fuse adapter is re-
quired to be designed so that it cannot be used in 
any fuseholder other than a Type S fuseholder or a 
fuseholder with a Type S adapter inserted.

Type-S adapters serve the purpose of preventing 
the wrong size fuse from being used and losing 
proper overcurrent protection. �e use of a special 
“can-opener type” of tool is necessary in order to 
remove an adapter. Other attempts to remove a 
Type-S adapter will usually result in damage to 
the Edison-base fuse socket (NEC 240.53).

ercurrent Protection of 
xisting Panelboard

�e general rule in NEC 408.36 or IRC E3706.3 
is that a panelboard must be individually pro-

tected on the supply side by not more than two 
main overcurrent devices. Exception No. 3 to 
NEC 408.36 will permit existing installations of 
panelboards to be without individual protection 
(of not more than two main overcurrent devices) 
where such existing panelboards are used as ser-
vice equipment for the supply to an individual 
residential occupancy. �is exception will permit 
the old-style so-called “six-disconnect split-bus 
panelboard” to remain in existing dwelling units.

Supplying Old Service Equipment
Installing a new service on an existing home typ-
ically involves replacing all the equipment up to 
and including the service panelboard. Sometimes 
it is possible to re-feed the existing service equip-
ment with a new feeder. �e existing service now 
becomes a feeder panel or subpanel. �e existing 
service panel cannot always be used as a feed-
er panel.  Where the existing service equipment 
uses fuses, it was common for the manufacturer to 
bond the grounded (neutral) terminal board to the 
enclosure at the factory. In this case, the existing 
service equipment cannot be converted to a feed-
er panel and supplied for the new service equip-
ment. �is type installation of a feeder would be 
in violation of NEC 250.24(A)(5); 250.142; and 
408.40 or IRC E3908.6. �e grounded (neutral) 
conductor is not generally permitted to be used to 

Photo 16.5. ld ser ice equipment showing old dison-
base fuses

Photo 16.6. Type S fuse and adapter
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ground equipment on the load side of the service 
disconnecting means. �ere are a few exceptions 
to this rule, none of which apply here. �us, the 
grounded system conductor cannot be connect-
ed to an enclosure of a feeder panel where both 
the service equipment and the feeder panel are in 
the same building. In other words, the grounded 
(neutral) conductors would need to be isolated or 
“floating” from the equipment grounding con-
ductor terminal bar and the metal cabinet of the 
existing panelboard.

Some types of panelboard construction allow a 
bonding jumper or bar to be removed between the 
grounded (neutral) conductor terminal bar and the 
equipment grounding conductor terminal bar per 
the manufacturer’s design. In this case, the existing 
panel could be converted to a feeder panel. It will 
also be necessary to remove the existing ground-
ing electrode conductor from the grounded (neu-
tral) conductor terminal bar and connect to the 
equipment grounding conductor terminal bar. �e 
grounding electrode conductor can be connected to 
the new service if it is of the proper size. A careful 
examination of the connections at each electrode is 
required. �e clamps or fittings may have corroded 
over time and may need to be cleaned up or re-
placed (NEC 250.8, 250.12 or IRC E3908.17).

Where the existing grounding electrode con-
ductor is too short to reach the new service lo-
cation, the Code permits splicing by one of two 
methods: (a) the exothermic welding process, 
or (b) connection with an irreversible compres-
sion-type connector that is listed and designed 
for the purpose. It is important that the manu-
facturer’s instructions for use of proper tools and 
procedures be followed for both methods.
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Questions
1. Older one- and two-family dwellings could 

be wired with Type NM (Romex), and Type AC 
(BX) cable assemblies, and knob-and-tube wir-
ing that included circuit conductors with Type R 
(rubber) insulation.

True _____ False _____

2. Some older Type NM cables used for com-
mon branch circuits were manufactured with con-
ductor insulation of white and black and a bare 
equipment grounding conductor that was two siz-
es smaller than the circuit ungrounded conductors.

True _____ False _____

3. Concealed knob-and-tube wiring is a wiring 
method that uses knobs, tubes, and flexible non-
metallic tubing (loom) for the protection and sup-
port of single insulated conductors.

True _____ False _____

4. To properly convert a system of existing knob-
and-tube wiring to an extension of Type NM 
non–metallic-sheathed cable to be used for the 
continuation of a branch circuit, a ____________ 
must be installed at the junction of the two differ-
ent wiring methods.

A. branch circuit extender
B. junction box
C. panelboard
D. auxiliary gutter

5. Where no equipment grounding conductor is 
present at an existing receptacle, the installation 
of an equipment-grounding conductor connected 
to a properly bonded isolated interior metal wa-
ter pipe can be run to each grounding terminal of 
grounding type receptacles.

True _____ False _____

6. Loads for new circuits or extended circuits in 
previously wired dwelling units are required to be 
computed in accordance with NEC 220.12 and 
220.14.

True _____ False _____

7. Plug fuses of the Edison-base type are classi-
fied at not over 125 volts and at __________ and 
below.

A. 20 amperes
B. 30 amperes
C. 40 amperes
D. 50 amperes

8. �e use of an Edison-base type of plug fuse is 
restricted to replacements in existing installations 
where there is no evidence of overfusing or tam-
pering.

True _____ False _____

9. An Edison-based fuseholder is permitted 
to be installed only where it is made to accept 
____________ by the use of adapters.

A. Type B fuses
B. Type J fuses
C. Type S fuses
D. a circuit breaker
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10. Generally, a panelboard shall be protected 
by an overcurrent protective device having a rat-
ing not greater than that of the panelboard. For 
existing panelboards at dwelling units, individual 
protection shall not be required for a panelboard 
used as service equipment.

True _____ False _____

11. Ground-fault circuit-interrupter protected 
receptacles shall be provided where replacements 
are made at existing receptacle outlets that are re-
quired to be so protected elsewhere in the NEC 
or IRC.

True _____ False _____

12. ____________________ shall be provided 
where replacements are made at receptacle outlets 
that are required to be so protected or designed 
elsewhere in the NEC or IRC.

A. New receptacles
B. Listed tamper-resistant receptacles
C. Weather-resistant receptacles
D. Both B. and C.

13. In any of the areas of an existing dwelling 
that is listed in NEC 210.12(A) or IRC E3902.12 
where branch-circuit wiring is ____________, 
the branch circuit shall be protected by either a 
listed combination AFCI located at the origin of 
the branch circuit, or a listed outlet branch-circuit 
AFCI located at the first receptacle outlet of the 
existing branch circuit.

A. modified
B. replaced
C. extended
D. all of the above

14.  Branch Circuit extension for panelboard 
relocations from a clothes closet to another 
location can be made without AFCI protec-
tion being installed for distances not exceed-
ing___________________.

A.  3.0 (10 ft)
B.  600 mm (24 in.)
C.  1.8 m (6 ft)
D.  900 mm (3 ft)

15.  Arc-Fault Circuit-Interrupter (AFCI) pro-
tection is not required for replacement receptacle 
outlets supplied by branch circuits that require 
AFCI protection elsewhere in the Code where all 
of the following apply except for:

A. �e replacement complies with NEC
 404.4(D)(2)(b) (non-grounding-type 
 receptacle(s) replaced with GFCI 
 receptacle)
B. It is impracticable to provide an 
 equipment grounding conductor as 
 provided by NEC 250.130(C)
C. A listed combination type AFCI circuit
 breaker is not available (such as older 
 panelboard that does not accept newer
 AFCI overcurrent devices)
D. GFCI/AFCI dual function receptacles
 are not commercially available
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Chapter 17

Low Voltage and 
Limited Energy Systems
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This chapter covers electrical systems 
that are not the same as typical power 
and lighting circuits. Subjects cov-

ered include wiring methods, grounding re-
quirements and conductor requirements for 
remote-control, signaling, and power-limited 
circuits; fire alarm systems; communication 
circuits; and community antenna television 
systems. 

It is essential to become familiar with the 
regulations, installation methods, and equip-
ment in order to correctly apply the rules to 
one- and two-family dwellings. Much of the 
material in NEC Articles 725, 760, 800, 820, 
830, 840 and IRC Chapter 43 is similar. All 
involve limited energy systems. Common topics 
include installation techniques, wiring methods, 
and grounding and bonding requirements. 

Low Voltage and Limited Energy 
Systems
�e NEC provides minimum requirements for in-
stallation of Class 1, Class 2 and Class 3 circuits. 
Usually only Class 2 control circuits are used in 
dwelling units. Chapter 43 of the IRC is limit-
ed in scope to just Class 2 circuit requirements 
for dwellings. For this reason, the NEC must be 
used by default where the IRC does not provide 
requirements for other types of low voltage and 
limited energy circuits and wiring. 

Fire alarm circuits and wiring are required to 
meet the minimum requirements of NEC Article 
760 and any applicable provisions of NFPA 101, 
Life Safety Code, and NFPA 72, National Fire 
Alarm and Signaling Code. Chapter 10 of this 
publication also provides information relative to 
fire and smoke detection equipment and systems 
installed in dwellings (see NFPA 72 and IRC 
R314). Any installations of optical fiber cables 
and wiring are required to meet the minimum 
provisions in NEC Article 770 (Optical Fiber 
Cables). 

Requirements for communications systems and 
circuits fall under the scope of NEC Article 800. 

Radio and television equipment requirements are 
provided in NEC Article 810. Community an-
tenna television and radio distribution systems 
fall under the requirements of NEC Article 820, 
network-powered broadband communications 
systems rules are located in NEC Article 830 and 
premises-powered optical fiber-based broadband 
communications systems are covered by NEC 
Article 840. Where any of these systems are in-
stalled in dwellings, they must meet the minimum 
requirements of the Code.

Class 1, Class 2, and Class 3, 
Remote-Control, Signaling, and 
Power-Limited Circuits
NEC Article 725 covers remote-control, signal-
ing and power-limited circuits that are not an 
integral part of a device or appliance (NEC 725.1 
and Informational Note or IRC E4301.1). �ese 
circuits are characterized by usage and electrical 
power limitations that differentiate them from 
electric light and power circuits. For this reason, 
the Code permits alternative requirements that 
are different and less restrictive than the wiring 
method requirements for power and lighting cir-
cuits. Differences include minimum conductor 
sizes, ampacity correction factors, overcurrent 
protection, insulation requirements and wiring 
methods and materials.

Photo 17.1. Typical communication, Internet, and cable TV 
wiring and systems entering a dwelling
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Code Definitions and Typical 
Applications
A remote-control circuit is defined as any electri-
cal circuit that controls any other circuit through 
a relay or equivalent device (NEC Article 100 or 
IRC E4301.2). Control circuits that operate the 
magnetic starter of a motor, or a relay that turns 
a furnace on or off, starts or stops an A/C unit, 
adjusts lighting levels through a dimmer panel, or 
opens and closes a garage door opener are all ex-
amples of a remote-control circuit.

A signaling circuit is defined in NEC Article 
100 as any electrical circuit that energizes sig-
naling equipment. Examples of signaling circuits 
include doorbells, buzzers, smoke alarms, fire or 
burglar alarms, or similar devices.

A Class 1 Circuit is the portion of the wiring sys-
tem between the load side of the overcurrent device 
or power-limited supply and the connected equip-
ment [NEC 725.2]. �e voltage and power limita-
tions of the Class 1 source are found in NEC 725.41.

A Class 2 Circuit is the portion of the wiring 
system between the load side of a Class 2 power 
source and the connected equipment. A Class 2 
power source can supply only a limited amount of 
electrical power. For this reason, a Class 2 circuit is 
considered to have a limited ability to initiate a fire 
and provides acceptable protection from electric 
shock [NEC 725.2 or IRC E4301.2].

A Class 3 Circuit is the portion of the wiring 
system between the load side of a Class 3 power 
source and the connected equipment. Due to its 
power limitations, a Class 3 circuit is considered to 
have a limited ability to initiate a fire. Since high-
er levels of voltage and current than Class 2 are 
permitted, additional safeguards are specified to 
provide protection from an electric shock hazard 
that could be encountered [NEC 725.2].

Most low-voltage system installations in dwell-
ing units are Class 2 systems. �e source of these 
systems is usually a Class 2 transformer. Such sys-
tems include doorbells, thermostats, and garage 
door openers. A Class 2 power supply could also 
be found in computer or audio equipment intend-
ed for consumer use.

Remote-Control, Signaling, and 
Power-Limited Circuits
Remote-control, signaling or power-limited cir-
cuits are commonly used in dwellings. �ese types 
of circuits are classified as Class 1, Class 2, or Class 
3 circuits. Class 1 circuits are either line voltage, 
such as 120 volts, or low voltage, such as 30 volts, 
but have higher power capability than Class 2 cir-
cuits. Class 1 circuits are not usually used in the 
typical dwelling unit.

Class 3 circuits are higher-voltage but low-am-

Photo 17.2. Typical Class 2 control circuits and wiring 
found at dwelling units (cable TV, Cat 5 internet, security 
wiring, etc.)

Photo 17.3. Class 2 transformer installed at location remote 
from panelboard (in attic space)
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perage circuits. Table 11(A) in Chapter 9 of the 
NEC indicates that these circuits are permitted to 
have a voltage up to 150 volts and a current capac-
ity up to 1 ampere. Because these Class 3 circuits 
present a shock hazard, they are not commonly 
used in dwellings.

�e most common remote control and signaling 
circuits used in one- and two-family dwellings are 
Class 2 circuits. A Class 2 power source can supply 
only a limited amount of electrical power. For this 
reason, a Class 2 circuit is considered to have a 
limited ability to initiate a fire and provides ac-

ceptable protection from electric shock. 
Table 11(A) in Chapter 9 of the NEC 
gives the voltage and current limitations 
for Class 2 circuits.

Class 2 circuit power supplies are nor-
mally inherently protected from over-
currents by using transformers marked 
“Class 2.” �ese transformers may be 
located within equipment enclosures 
or separately mounted on an outlet box 
such as is commonly done for doorbell 
circuits (see photo 17.2 and figure 17.1). 
Class 2 systems generally are not re-
quired to be grounded.

Wiring Methods for Class 2 
Circuits
�e Code requires Class 1, Class 2, and 
Class 3 circuits to be installed in a neat 
and workmanlike manner. Cables must 
be supported by the building structure in 
a manner that the cable will not be dam-
aged during normal building use [NEC 
725.24 and IRC E4304.5].

�ere are a few additional require-
ments for the installation of Class 2 
circuit cables. �ey are to be installed 
in compliance with NEC 725.133 and 
725.154 or IRC Chapter 43. �e rules 
in NEC Chapter 3 for installing power 
circuits do not apply to cables installed 
under the rules of NEC Article 725 or 

IRC Chapter 43 due to the organization and ar-
rangement of the Code provided in NEC 90.3.

Electric Light or Power Circuits 
and Class 2 Circuits
Cables and conductors of Class 2 circuits general-
ly cannot be placed in the same raceway, compart-
ment, outlet box, device or junction box or similar 
fitting with conductors of electric light, power cir-
cuits, or Class 1 circuits unless specific conditions 
apply [NEC 725.136(A) or IRC E4304.1]. �ese 

Figure 17.2. Class 2 thermostat wiring for heating system controls

Figure 17.1. Typical Class 2 circuit transformer installed at panelboard 
for doorbell in dwelling
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specific conditions or exceptions are spelled out 
at NEC 725.136(B) through (I) or IRC E4304.1 
Exceptions.

One provision that does permit Class 2 cables 
and conductors to be installed together with the 
conductors of electric light or power, Class 1 or 
non-power circuits is where they are separated by 
a barrier [NEC 725.136(B) or IRC E4304.1, Ex-
ception No. 1].

Another provision applies only to conductors 
within enclosures. �e general rule does not ap-
ply where the power conductors in outlet boxes, 
junction boxes or similar fittings or compartments 
are introduced to connect to the same equipment 

connected to the Class 2 circuits. One of 
two additional conditions must be met:

1. the electric light or power, Class 1 
or other non−power-limited circuit 
conductors are required to be routed 
within the enclosure to maintain a 
minimum of 6-mm (¼ in.) separa-
tion from the cable or conductors of 
the Class 2 circuit; or

2. the power circuit conductors operate 
at 150 volts or less and the Class 2 
circuits are installed using a CL3, 
CL3R, CL3P or permitted substi-
tute and any Class 3 conductors that 
extend beyond the jacket are sep-
arated by a minimum of 6 mm (¼ 
in.) or by a nonconductive sleeve or 
nonconductive barrier from all oth-
er conductors [NEC 725.136(D) or 
IRC E4304.1, Exception No. 2].

�ere are several common examples of the appli-
cation of these exceptions in typical dwelling units. 
Residential lighting control panels are becoming 
more common. Often these systems require that 
power and control cables be brought to the same 
switch location. A conventional device box is not 
equipped with barriers so one of the noted excep-
tions must be used to separate safely the power 
and Class 2 control wiring. Installation of an elec-
tric-fired fireplace often results in a similar situation. 
�e control circuit for ignition and the power circuit 
for the warm air circulation fan are often brought 
to the same device box (see photo 17.4). Raceways 
cannot typically be used as a means of support for 
Class 2 circuit conductors (NEC 725.143 or IRC 
E4304.5). However, installations that comply with 
NEC 300.11(C)(2) are permitted to be supported 
by power supply raceways. �is NEC section, along 
with IRC E4304.5, permits the Class 2 circuit ca-
ble to be supported by a raceway where the raceway 
supplies the same piece of equipment controlled by 
the Class 2 circuit. Some examples of this applica-
tion are furnaces, boilers, AC units or evaporative 

Figure 17.3. Support of Class 2 control wiring by raceway

Photo 17.4. Class 2 control circuit and electric power for 
electric-fired fireplace in dwelling unit brought to the same 
device box
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coolers. �e power wiring is often run through a 
raceway in order to protect the conductors from 
physical damage and the Class 2 control cable is 
then taped or strapped to the exterior of that race-
way (see figure 17.3).

Caution should be exercised when installing 
Class 2 conductors in the same raceway, boxes, en-
closures, etc., as power wiring, as NEC 300.3(C)
(1) requires all conductors to have an insulation 
rating equal to at least the maximum circuit volt-
age applied to any conductor within the enclosure, 
cable, or raceway. It is not impossible, but not 
common to find Class 2 conductors with the same 
insulation rating as power wiring.

�e Code generally requires a 50 mm (2-in.) 
separation between Class 2 circuits and conduc-
tors of electric light, power, or non−power-limited 
circuits. �ere are also exceptions that permit a 
lesser separation. Remember that the chance of 
interference decreases as the separation distance 
increases [NEC 725.136(I) or IRC E4304.2].

Class 2 circuit conductors are permitted to be 
run within the same cable with communications 
circuits, however the Class 2 circuits are required 
to be classified as communications circuits and 
must meet the requirements of NEC Article 800 
for communications circuits [NEC 725.139(D)(1) 
or IRC E4304.3].

�e rules and exception in this section also 
apply to Class 3 circuits. Class 3 circuits are not 

commonly used in dwelling units. However, com-
mercial grade audio equipment typically employs 
a Class 3 power supply. Such systems are some-
times installed in dwellings; one example is a so-
phisticated home theater system.

Jacketed cables of Class 2 circuits are permitted 
to be installed in the same enclosure or raceway 
with jacketed cables of power-limited fire alarm 
systems (NEC Article 760), optical fiber cables 
(NEC Article 770), communication circuits (NEC 
Article 800), CATV and radio distribution cables 
(NEC Article 820), or network-powered broad-
band communication cables (NEC Article 830) as 
long as the Class 2 circuits comply with the appli-
cable parts of the NEC article of the other jacket-
ed cable [NEC 725.139(E) or IRC E4304.4].

Class 2 Conductors and Cables 
within Buildings
Class 2 conductors and cables used as wiring 
within a dwelling unit are required to be listed as 
being resistant to the spread of fire in accordance 
with NEC 725.154 and 725.179 or IRC E4303.2. 
�e typical Class 2 cable used within one- and 
two-family dwellings is Type CL2X. Other cables 
that can be substituted as indicated in NEC Table 
725.154(A) or IRC Table E4303.2 include Types 
CM, CMX, and CL3.

Photo 17.5. Proper separation of Class 2 wiring, coaxial 
cable and power conductors at typical dwelling unit

Photo 17.6. Rough wiring in garage includes power in 
ceiling for door opener and Class 2 circuit wiring for door 
opener remote-control circuit
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Power over Ethernet (PoE)
Power over Ethernet (PoE) is one the 
fastest growing and most popular low 
voltage systems and is becoming an ev-
eryday part of our daily lives with an ever 
growing and changing technology. PoE 
can best be described as a technology 
for wired Ethernet local area networks 
(LANs) that allows the electrical current 
necessary for the operation of devices to 
be carried by the data cables rather than 
by power cords. Doing so minimizes the 
number of wires that must be strung to 
install the network. Common uses of 
PoE are such things as voice over inter-
net phones. �e use of PoE means these 
phones have a single connection to a wall 
socket, and can be remotely powered 
down, just like with the older analog sys-
tems. Another common use for PoE is 
networked surveillance cameras, where it 
enables fast deployment and easy repo-
sitioning. Wireless wi-fi and bluetooth 
applications along with radio-frequency 
identification (RFID) readers that are 
becoming more and more common in 
the dwelling unit setting.

Prior to 2017 the Code was silent on 
the installation of PoE. With the popu-
larity and many systems being installed, 
the authority having jurisdiction (AHJ) 
along with installers had no way to 
determine a safe installation. Present-
ly PoE has Code requirements in NEC 725.121, 
725.144 and 840.160 that deal with these systems. 
�e deciding factor on the proper article is based 
on the power level and type of cable. Where the 
power supplied over the communications cable 
to the communications equipment is greater than 
60 watts, communications cables and the power 
circuit have to comply with NEC 725.144 where 
communications cables are used in place of Class 
2 and Class 3 cables. NEC 840.160 is where the 
60 watt threshold can be found. �is section 
states that where power supplied over a commu-

nications cable to communications equipment is 
greater than 60 watts, communication cables and 
the power circuit must comply with NEC 725.144 
where communications cables are used in place of 
Class 2 and Class 3 cables.

As stated earlier, over the past decade or so, pow-
er-over-local area networking (LAN) cable tech-
nologies such as PoE have become a viable power-
ing option for a wide range of applications. Device 
manufacturers are designing more sophisticated 
equipment that demands increased power. As this 
power is increased, the heat generated within the 

Figure 17.4. Listed Type CL3R-LP cable (note that the cable is marked 
and identified to carry 0.6 amperes of current)

Table 17.1. NEC Table 725.144 for bundling of PoE cables
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cable increases as well. �is is especially true when 
the cables are bundled. �e additional heat gener-
ated by the increased current could push the cables 
beyond their rated temperatures. To address this 
concern, a new type of “limited-power” cable was 
introduced to the Code at NEC 725.144 to simpli-
fy the cable choice and installation considerations. 
�e “-LP” cable designation indicates that the ca-
ble has been evaluated to carry the marked current 
under reasonable worst-case installation scenarios 
without exceeding the temperature rating of the 
cable. �e requirements at NEC 725.144 and Ta-
ble 725.144 take into account large bundle sizes, 
high ambient temperatures and other issues relat-

ed to environmental effects, such as en-
closed spaces or conduits. Typically, these 
cables are 4-pair “Category” type cables 
originally designed and intended for the 
transmission of data and communica-
tions. However, changes in technologies 
and equipment design have resulted in 
these cables increasingly being used to 
provide low voltage (less than 60 volts 
dc), limited power along with the data 
and communications signals.

Fire Alarm Systems
�e Code covers the installation of wiring 

and equipment used for fire alarm systems operat-
ing at 600 volts, nominal or less (NEC Article 760 
and 760.1). �e Code does not require that a fire 
alarm system be installed in a dwelling. If there is 
a requirement for a fire alarm system at dwelling 
units in your area, it comes from the locally en-
forced building code or ordinance. �e Code con-
tains requirements for wiring the fire alarm system 
but does not include requirements for designing 
or operating the system.

For further information on the selection, instal-
lation, operation and maintenance requirements of 
fire warning equipment for use in dwelling units, 
see the most recent edition of NFPA 72-2019, the 
National Fire Alarm and Signaling Code.

Where a fire alarm system is installed in a damp 
or wet location, Code requirements for exposure to 
deteriorating agents and protection against corro-
sion are required to be followed [NEC 310.10(G), 
110.11, 300.6, and 760.3(D)]. Fire alarm cable 
used in a wet location shall be listed for use in wet 
locations or have a moisture-impervious metal 
sheath.

It has become common to have a combination 
fire alarm and burglar alarm system installed 
in dwellings to provide protection from both 
risks. �ese systems may be installed to trigger 
an alarm locally (in the dwelling), utilize relay 
contacts or data communications gateways, or 
over telephone lines to a remotely located mon-

Figure 17.5. Dedicated branch circuit required for fire alarm 
equipment(s)

Photo 17.7. Typical security/fire alarm system that is 
becoming familiar in dwelling units
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itoring business. Many companies provide a 
monitoring service for alarms as well as trou-
bleshooting the system for such things as low 
battery backup. �ese monitoring companies 
transmit alarms they determine to be authentic 
to the local police or fire department for local 
response. �ese types of systems generally re-
quire a special permit from the local jurisdiction 
for the continuous monitoring for fire and bur-
glary. �ese provisions might vary and may not 
be required in some areas. Check with the local 
building inspector and fire/police departments 
for requirements in your area.

Branch Circuit for Fire Alarm 
Circuits
A dedicated branch circuit supplying the fire 
alarm equipment(s) and no other loads is required 
for the power source for both power-limited fire 
alarm (PLFA) circuits and non−power-limited 
fire alarm circuits (NPLFA). Since a fire alarm 
system might have multiple control panels (fire 
detection and alarm notification, sprinkler water-
flow, elevator shutdown, door release, fire doors 
and damper control and fan shutdown, etc.) with 
only a small load demand on a circuit, one branch 
circuit may feed more than one control panel as 
long as there is adequate capacity on the circuit 

to do so. �e location of the branch-circuit over-
current protective device feeding the fire alarm 
control panel(s) is to be marked on said control 
panel(s). �is will facilitate quicker response time 
in troubleshooting the fire alarm branch circuit 
so the downtime of the fire alarm system is kept 
to a minimum. Detailed marking and identifica-
tion requirements such as red lettering indicat-
ing “FIRE ALARM CIRCUIT,” accessibility to 
qualified personnel, marking not to obscure the 
manufacturer’s markings, etc., is also required. 
�is dedicated branch circuit cannot be supplied 
through ground-fault circuit interrupters or arc-
fault circuit interrupters [NEC 760.41(B) and 
760.121(B)].

Classification of Fire Alarm 
Circuits
Fire alarm circuits are defined as the portion of the 
wiring system between the load side of the over-
current device or the power-limited supply and 
the connected equipment of all circuits powered 
and controlled by the fire alarm system. Fire alarm 
circuits are classified as either “non−power-limited 
fire alarm circuits (NPLFA)” or “power-limited 
fire alarm circuits (PLFA).” Power-limited fire 
alarm circuits are generally installed in dwellings 
and often are derived from 24-volt power supplies. 
All fire alarm circuits must comply with NEC Ar-
ticle 760, Part I. In addition, power-limited cir-
cuits must comply with NEC Article 760, Part III.

Fire Alarm Circuit Identification
In order to help prevent unintentional interference 
with fire alarm circuits while they are being tested 
and serviced, they must be “specifically identified” 
at all terminal and junction locations.

�e method of identification is left up to the 
installer. In many cases, a cable with a red jacket 
connected to enclosures painted red are the pre-
ferred means of identifying the fire alarm circuits. 
In other cases, engraved labels or other forms of 
identification may be appropriate (NEC 760.30).

Photo 17.8. Communication circuits have grown in recent 
years to include such things as telephone, cable TV, and 
high-speed Internet cable circuits.
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Wiring Methods for PLFA Circuits
For power-limited fire alarm circuits (PLFA), the 
conductors and equipment installed on the supply 
(line) side of overcurrent-protective devices, trans-
formers, or current-limiting devices must also be 
installed in accordance with the appropriate rules 
in NEC Article 760, Part III and NEC Chapter 
3. A transformer or other device supplied from 
power-supply conductors must be protected by an 
overcurrent device rated at not over 20 amperes 
(NEC 760.127).

Power-limited fire alarm circuit conductors and 
cables described in NEC 760.179 are required to 
be installed as follows:

1. Where installed in raceways or exposed 
on the surface of ceiling and sidewalls or 
“fished” in concealed spaces, cable splices 
or terminations are required to be made in 
listed fittings, boxes, enclosures, fire alarm 
devices or utilization equipment. Where 
installed exposed, cables are required to be 
adequately supported and installed in such a 
way that maximum protection against phys-
ical damage is afforded by building con-
struction such as baseboards, door frames, 
ledges, etc. Where located within 2.1 m 
(7 ft) of the floor, cables are required to be 
securely fastened in an approved manner at 
intervals of not more than 450 mm (18 in.).

2. Must be installed in metal raceways or rigid 
nonmetallic conduit where passing through 
a floor or wall to a height of 2.1 m (7 ft) 
above the floor, unless adequate protection 
can be afforded by building construction 
such as detailed in point 1 above, or unless 
an equivalent solid guard is provided. See 
NEC 760.130(B)(1) and (B)(2).

Additional requirements for installation of 
power-limited fire alarm circuits are found at 
NEC 760.133. Power-limited circuit conductors 
generally are not permitted to be placed in any ca-
ble, compartment, enclosure, outlet box, raceway 
or similar fitting containing conductors of elec-

tric light, power, Class 1 or non−power-limited 
fire alarm circuit conductors. Several exceptions 
are given that cover conditions such as installing 
power-limited conductors in enclosures like con-
trol panels where they must terminate in order to 
function.

Power-limited fire alarm circuit conductors 
are generally required by NEC 760.136(G) to be 
separated at least 50 mm (2 in.) from conductors 
of any electric light, power, Class 1 or non−pow-
er-limited fire alarm circuit conductors. Two con-
ditions exist that allow this rule to be relaxed.

Condition 1 excludes PLFA cables from the 
separation requirements where either (a) all the 
electric light, power, Class 1, or non−power-lim-
ited fire alarm circuit conductors; or (b) all the 
power-limited fire alarm circuit conductors are in 
raceways or in metal-sheathed, metal-clad, non-
metallic-sheathed, or Type UF cables.

Condition 2 excludes PLFA cables from the 
separation requirements where all the electric 
light, power, Class 1 or non−power-limited fire 
alarm circuit conductors are permanently sepa-
rated from all the power-limited fire alarm cir-
cuit conductors by a continuous and firmly fixed 
nonconductor, such as porcelain tubes or flexible 
tubing, in addition to the insulation on the wire.

Conductors of one or more Class 2 circuits are 
permitted within the same cable, enclosure, race-
way, or cable routing assembly with conductors 
of power-limited fire alarm circuits, provided the 
insulation of the Class 2 circuit conductors in the 
cable, enclosure, or raceway is at least that required 
by the power-limited fire alarm circuits [NEC 
760.139(B)].

�e Code does not permit electrical conduits 
or raceways to be used as a means of support 
for power-limited fire alarm circuit conductors 
(NEC 760.143). Unlike with Class 2 circuits, 
there is no exception in 760.143 that permits the 
use of electrical conduits or raceways to support 
PLFA circuits or conductors as with Class 2 cir-
cuits in reference to NEC 300.11(B)(2) or IRC 
E4304.5.

Power-limited fire alarm circuits as well as non−
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power-limited fire alarm circuits that extend be-
yond one building and run outdoors are required 
to meet the installation requirements of Parts II, 
III, and IV of NEC Article 800 and shall meet the 
installation requirements of Part I of NEC Article 
300. (NEC 760.32).

PLFA (Power-Limited Fire Alarm) 
System Conductors
Power-limited fire alarm systems are permitted to 
be installed in similar fashion to non−power-lim-
ited fire alarm systems [see NEC 760.130 and 
760.130(A)]. In addition, power-limited fire alarm 
conductors and cables described in NEC 760.179 
are permitted. NEC 760.135(G) indicates that 
Types FPLP, FPLR, and FPL are permitted to be 
used in dwellings. Permitted substitutes are Types 
CMP, CMR, CMG, and CM according to NEC 
Table 760.154(A).

Fire alarm conductors are required to be copper 
and are permitted to be either stranded or solid. 
Conductors in multiconductor cable are permitted 
to be not smaller than 26 AWG, and individual 
conductors, not smaller than 18 AWG. Conduc-
tors of 26 AWG are only permitted where spliced 
with a connector listed as suitable for 26 to 24 
AWG or larger conductors that are terminated 
on equipment or where the 26 AWG conduc-
tors are terminated on equipment listed as suit-
able for 26 AWG conductors [NEC 760.142 and 
760.130(A)].

Communications Circuits
Article 800 of the NEC covers communications 
circuits that include such things as telephones, op-
tical fiber cables for delivery of Internet service, 
and outside wiring for fire and burglar alarm sys-
tems that may be installed in one- and two-family 
dwellings. A couple of key rules are provided in 
the NEC that must be applied to installations of 
communications systems. Equipment connected 
to a communications systems network is required 
to be listed for that purpose and installed in accor-

dance with any installation instructions as provid-
ed in NEC 800.18 and 800.170. Separation and 
grounding and bonding rules are also vital to safe 
installations of these systems.

Mechanical Execution of Work
�e Code also includes requirements that commu-
nications circuits and equipment be installed in a 
neat and workmanlike manner. Cables installed 
exposed on the surface of ceilings and walls are 
required to be supported by the structural com-
ponents of the building in such a manner that 
the cable will not be damaged by normal build-
ing use. �e securing methods permitted include 
hardware, such as straps, staples, cable ties, and 
hangers. Nonmetallic cable ties and other nonme-
tallic cable accessories used to secure and support 
communication cables in other spaces used for en-
vironmental air (return air plenums) shall be listed 
as having low smoke and heat release properties 
(NEC 800.24).

In Raceways, Boxes, and Cables
Communications wires and cables are permitted 
to be installed in any raceway included in NEC 
Chapter 3 in accordance with the requirements 
of NEC Chapter 3. Communications wires and 
cables are also permitted to be installed in list-
ed plenum communications raceway, listed riser 
communications raceway, or listed general-pur-
pose communications raceway selected in accor-
dance with the provisions of NEC 800.113 for in-
stallation requirements for communication wires, 
cables, and raceways. �ese cables can also be in-
stalled in cable routing assemblies in compliance 
with NEC 800.110(C) [NEC 800.110].

Optical fiber communication cables are permit-
ted to be installed in the same raceway, box, or en-
closure with cables of any of the following:

1. Nonconductive and conductive optical fiber 
cables in compliance with Parts I and V of 
NEC Article 770. 
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2. Community antenna television and radio 
distribution systems in compliance with 
Parts I and V of NEC Article 820

3. Low-power network-powered broadband 
communications circuits in compliance 
with Parts I and V of Article 830

Other communications cables are permitted to 
be installed in the same raceway, box, or enclosure 
with cables of any of the following:

1. Class 2 and Class 3 remote-control, signal-
ing, and power-limited circuits in compli-
ance with NEC Article 645 or Parts I and 
III of NEC Article 725.

2. Power-limited fire alarm systems in compli-
ance with Parts I and III of NEC Article 760.  
See NEC 800.133(A)(1).

Circuits Run in Same Cable 
Assembly
Class 2 and Class 3 circuits are covered by NEC
Article 725. �e IRC covers Class 2 circuits in 
Chapter 43. A Class 1 circuit cannot be run in the 
same cable with a communications circuit. Class 2 
and Class 3 circuit conductors are permitted in the 
same cable assembly with communications cir-
cuits, in which case the Class 2 and Class 3 circuits 
are to be classified as communications circuits and 
must meet the requirements of NEC Article 800 
[NEC 800.133(A)(1)(c) or IRC E4304.3].

An exception to this rule applies to hybrid ca-
bles. Cables constructed of individually listed 
Class 2, Class 3 and communications cables under 
a common jacket are not required to be classified 
as communications cable. �e fire-resistance rat-
ing of the composite cable is to be determined by 
the performance of the composite cable.

Electric Light or Power Circuits 
and Communication Circuits
Communications conductors cannot be placed in 
any raceway, compartment, outlet box, junction 
box or similar fitting with conductors of electric 
light or power circuits or Class 1 circuits [NEC 
800.133(A)(1)(d)]. �ere are a couple of excep-
tions to this general rule that typically apply to 
dwelling units.

�e first exception indicates the general require-
ment is not applicable where the conductors of 
electric light or power, Class 1 or non−power-lim-
ited fire alarm circuits are separated from all the 
conductors of communications circuits by a per-
manent barrier or listed divider.

�e second exception applies only to conductors 
within enclosures. �e general rule is not appli-
cable where conductors in outlet boxes, junction 
boxes or similar fittings or compartments are in-
troduced solely for the power supply to commu-
nications equipment. �e electric light or power, 
Class 1 or non−power-limited fire alarm circuit 
conductors are required to be routed within the 
enclosure to maintain a minimum of 6-mm (¼ 
in.) separation from the communications circuit 
conductors.

�e Code generally requires a 50 mm (2 in.) 
separation between communication circuits and 
conductors of electric light, power, or other non−
power-limited circuits. An exception permits a 
lesser separation where either all the electric light 
and power or all the Class 2 circuit conductors are 
in separate raceways or separate metal-sheathed, 
metal-clad, or nonmetallic-sheathed cables 
[800.133(A)(2) Exception No 1]. A typical ex-
ample of this exception involves the trade practice 

Photo 17.9. At least one communication outlet is required 
per dwelling unit for new construction



Chapter  17 — Low Voltage and Limited Energy Systems  499

of running cables horizontally through bored or 
punched holes in framing members. �e power 
or lighting wiring methods for dwelling units are 
typically a nonmetallic-jacketed cable such as Type 
NM-B cable. �e communication circuit wiring 
method is also typically a nonmetallic cable such 
as CM. While this practice may be code-compli-
ant, it is not recommended. �e electrical noise 
from the power circuit may interfere with the 
communication circuit. Typical cabling specifica-
tions generally recommend 300 mm (12 in.) of 
separation in order to minimize interference.

Raceways cannot be used as a means of support 
for communications wires and cables. Commu-
nications cables or wires are not permitted to be 
strapped, taped, or attached by any means to the ex-
terior of any conduit or raceway as a means of sup-
port. It is a violation to use the service mast or any 
other raceway enclosing typical branch circuits or 
feeders for the support of the communications ser-
vice drops, wires or cables [see NEC 800.133(B)].

Communications Wires and 
Cables within Buildings
Communications wires and cables used as wiring 
within a building are required to be listed as being 
resistant to the spread of fire in accordance with 
NEC 800.179(E). �e general communications 
cable used within one- and two-family dwellings 
is Type CMX. Other cables that can be substitut-
ed as indicated in NEC Table 800.154(d) include 
Types CMP, CMR, CMG, and CM. 

Regarding communications wiring in “other 
space used for environmental air” and the “spread 
of fire or products of combustion,” see the com-
ments in this chapter under NEC Article 725 and 
the requirements of NEC 300.22(C).

Required Communications Outlet 
at Dwelling Units
For new construction, a minimum of one commu-
nication outlet is required to be installed within 
the dwelling in a readily accessible location and 

cabled to the service provider demarcation point. 
With today’s demands for electronic technology 
such as high-speed Internet access and optical fi-
ber cable television, a typical dwelling unit usually 
ends up with several communication circuits and 
outlets, but at a minimum, one is required for new 
construction (NEC 800.156).

Grounding Requirements for 
Communications Circuits
�e metallic member(s) of the cable sheath in the 
supply communication cable is generally required 
to be grounded at the point where the conductors 
enter the building or be interrupted by an insulat-
ing joint or equivalent device [NEC 800.93(A)]. 
For one- and two-family dwellings, the primary 
protector bonding conductor or grounding elec-
trode conductor is required to be as short as prac-
ticable and in a length not to exceed 6.0 m (20 ft). 
An exception to this requirement permits a sep-
arate communications ground rod to be installed 
where the grounding electrode conductor maxi-
mum 6.0 m (20 ft) length cannot be maintained. 
Where a separate communications ground rod is 
installed, it must be connected (bonded) to the 
power grounding electrode system in that building 
[NEC 800.100(A)(4) and Exception].

Intersystem Bonding Termination
A means to connect all limited energy communi-
cation systems grounding and bonding conductors 
is required to be supplied in accordance with NEC 
250.94(A) or (B) or IRC E3609.3. �is means 
of bonding these other systems is referred to as 
an intersystem bonding termination. �is is a de-
fined term in both NEC Article 100 and in IRC 
Chapter 35. Intersystem bonding, accomplished 
by connection of a communication bonding con-
ductor or grounding electrode conductor to the 
power system grounding electrode system is an 
important safety measure to prevent occurrences 
of differences in voltage potentials between com-
munication system and power system.
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With the expansion of limited energy systems, 
the grounding and bonding for these systems is 
essential for safety and is becoming more difficult 
to implement due to changes in building con-
struction practices such as increased prevalence 
of flush construction and use of nonmetallic con-
duits for services. Frequently, in new construction, 
the grounding electrode(s), the metallic service 
raceway, and the grounding electrode conductor 
are hidden behind walls and are not accessible, 
which makes the required intersystem grounding 
and bonding connections difficult to achieve. For 

these reasons, planning and establishing 
an intersystem bonding termination at 
the beginning of a construction project 
is extremely important.

�e intersystem bonding termination 
requirement establishes a dedicated and 
well-defined location for terminating 
the intersystem bonding conductors and 
grounding electrode conductors on a 
specific set of terminals listed as ground-
ing and bonding equipment. �e termi-
nation must provide sufficient capacity 
to handle multiple communication 
systems (telecom, satellite, CATV) on 
premises, but not less than three termi-
nals are required.

Specified locations for these termi-
nation points for the intersystem bonding and 
grounding conductor termination are a key part 
of this requirement. Where installed at service 
equipment, this termination means is required to 
be securely mounted and electrically connected to 
the meter enclosure, service equipment enclosure, 
an exposed nonflexible metallic service raceway, 
or located at the grounding electrode conduc-
tor. Where it is attached to a service or metering 
equipment enclosure, it must not interfere with 
opening the enclosure. Where it is not connected 
to the meter socket enclosure, each intersystem 
termination means is required to be electrically 
connected to the equipment grounding terminal 
bar in the service equipment, or connected to the 
grounding electrode conductor. �e size of the 
conductor used to establish this connection must 
not be smaller than 6 AWG copper. �e inter-
system bonding termination must be accessible 
for connection and inspection. �ese grounding 
conductors also provide the necessary connec-
tion between communication and power systems 
(intersystem bonding). As a result of this require-
ment for a dedicated termination means, limited 
energy system installers and technicians should 
encounter fewer challenges regarding completing 
the required intersystem bonding and grounding 
connections.

Figure 17.6. If listed intersystem bonding termination device is used, 
required to be provided external to enclosures and to provide a 
minimum of three termination points

Photo 17.10. Typical listed intersystem bonding termination 
device used for grounding of communication systems
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Where an accessory building or ad-
ditional building has electrical power, 
an intersystem bonding termination is 
required to be established at the discon-
necting means for that building.

If a dwelling or structure served has an 
intersystem bonding termination, the in-
tersystem grounding electrode conduc-
tor(s) is required to be connected to the 
intersystem bonding termination. If the 
building or structure served has no inter-
system bonding termination, as perhaps 
in an existing dwelling, the communica-
tions bonding conductors or grounding 
electrode conductor are required to be 
connected to the nearest, accessible loca-
tion on one of the following:

1. the building grounding electrode system as 
covered in NEC 250.50 or IRC E3608.1;

2. the grounded interior metal water piping 
system within 1.5 m (5 ft) of where the 
water pipe enters the building as covered in 
NEC 250.52(A)(1) or IRC E3608.1.1;

3. the power service accessible means external 
to the enclosures as covered in NEC 250.94 
Exception;

4. a nonflexible metallic power service race-
way;

5. the service equipment enclosure;
6. the grounding electrode conductor or the 

grounding electrode conductor metal enclo-
sure of the power service, or

7. the grounding electrode conductor or 
grounding electrode of a second building 
or structure disconnecting means that is 
grounding to an electrode as covered at 
NEC 250.32 or IRC E3607.3.

See NEC 800.100(B)(2) for these provisions.

Where no intersystem bonding termination 
exists at an existing building or structure, “an ac-
cessible means external to enclosures for connect-
ing intersystem bonding and grounding electrode 
conductors is permitted at the service equipment 

and at the disconnecting means for any additional 
buildings or structures by at least one of the fol-
lowing means:

(1) An exposed nonflexible metallic raceways
(2) An exposed grounding electrode conductor
(3) An approved means for the external connec-

tion of a copper or other corrosion-resistant 
bonding or grounding electrode conductor 
to the grounded raceway or equipment”

See NEC 250.94(A) Exception for the provi-
sions just stated.

See NEC 250.94(A) Exception for the above 
requirements where no intersystem bonding 
termination is present at an existing building or 
structure. New construction would require an 
intersystem bonding termination as described at 
NEC 250.94(A) or (B) or IRC E3609.3.

While NEC 250.94(A) and IRC E3609.3.1 gives 
details on the use of a listed intersystem bonding 
termination device for bonding of communication 
systems, the Code also recognizes “other means” of 
connecting communication bonding conductors 
at NEC 250.94(B) or IRC E3609.3.2 titled, “Oth-
er Means.” �is alternate connection option allows 
connections to an aluminum or copper busbar not 
less than 6 mm thick × 50 mm wide (1∕4 in. thick 
× 2 in. wide) and of sufficient length to accom-

Figure 17.7. Bonding of other systems and existing buildings with no 
intersystem bonding termination
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modate at least three terminations for communi-
cation systems in addition to other connections 
or bonding jumpers. If utilized, this busbar must 
be securely fastened and be installed in an acces-
sible location. Lugs used with this busbar must be 
listed for grounding and bonding. If aluminum 
busbars are used, the installation cannot be used 
where in direct contact with masonry or the earth 
or where subject to corrosive conditions. Where 
used outside, aluminum or copper-clad aluminum 

grounding electrode conductors shall 
not be terminated within 450 mm (18 
in.) of the earth.

�is method is often used in commer-
cial or multifamily mixed use buildings. 
Even though this “other means” of a 
common busbar is uncommon for dwell-
ing unit use, it is acceptable to employ 
this method at dwelling units. Many 
commercial buildings commonly utilize 
a common grounding terminal bar for 
the connection of multiple electrodes 
and bonding of other systems such as 
water piping systems, building steel, and 
internal antenna systems to name a few. 
�ese common busbars also allow easy 
connection of the other systems such as 
communication, satellite dish systems, 
and network powered broadband sys-
tems. �is new “other means” of termi-
nating other systems allows the installer 
to terminate other bonding conductors 
for the purposes of bonding all systems 
including such things as corrugated 
stainless steel tubing (CSST) gas piping, 
which is still prohibited to be terminated 
on a listed intersystem bonding termina-
tion device.

An exception to NEC 250.94(A) and 
(B) or IRC E3609.3 gives relief from 
providing a means for connecting inter-
system bonding conductors where com-
munications systems are not likely to be 
used. �is would include such things as 

outhouses, chicken coops or garden sheds.
Where a separate electrode is installed to ground 

the communication system, it must be bonded 
to the power grounding electrode system in that 
building [NEC 800.100(D)]. �e bonding jumper 
required to connect the two electrodes of the dif-
ferent systems together must not be smaller than 
6 AWG copper. �is bonding requirement is im-
portant in limiting potential differences between 
the communications systems and other associated 
wiring systems (see figure 17.9).

Figure 17.8. Common bus bar allowed is an alternate connection option 
for communication bonding jumpers and other bonding jumpers

Figure 17.9. Bonding of communications grounding electrode and 
the service power grounding electrode required if greater than 
6.0 m (20 ft) apart



Chapter  17 — Low Voltage and Limited Energy Systems  503

Radio and Television Equipment
NEC Article 810 covers radio and television re-
ceiving equipment and amateur radio transmitting 
and receiving equipment.

Supports for Antenna Lead-In 
Conductors
�e Code requires outdoor antennas and lead-in 
conductors to be securely supported. Antennas are 
not permitted to be attached to the electric service 
mast. Antennas are not permitted to be attached 
to poles or similar structures carrying open electric 
light or power wires or trolley wires of over 250 
volts between conductors [NEC 810.12].

 

Avoidance of Contact with 
Conductors of Other Systems
Outdoor antennas and lead-in conductors from 
an antenna to a building are not permitted to cross 
over open conductors of electric light or power 
circuits and must be installed to avoid possibility 
of accidental contact. Where antenna lead-in con-
ductors are installed in proximity to open electric 
light or power service conductors of less than 250 
volts between conductors, a clearance between 
conductors of not less than 600 mm (2 ft) must be 
provided [NEC 810.13].

Antenna Discharge Units
Each conductor of a lead-in from an outdoor an-
tenna is required to be provided with a listed an-
tenna discharge unit unless the cable is enclosed 
in a continuous metallic shield that is grounded.

�e antenna discharge unit must be located out-
side the building, or, if inside, as near as practicable 
to the entrance of the conductors into the build-
ing. �e antenna discharge unit must be grounded 
in accordance with NEC 810.21 [NEC 810.20].

Grounding-Receiving Stations
A bonding conductor or grounding electrode 

conductor, not smaller than 10 AWG copper, 8 
AWG aluminum, or 17 AWG copper-clad steel 
or bronze, is required for purposes of grounding 
required by NEC Article 810. �e grounding con-
ductor is permitted to be insulated, covered or bare 
[NEC 810.21(A), (B) and (H)].

�e bonding conductor or grounding electrode 
conductor is required to be protected from physi-
cal damage or increased in size to compensate for 
lack of protection. Where the bonding conductor 
or grounding electrode conductor is run in a metal 
raceway, both ends of the raceway are required to 
be bonded to the contained conductor or to the 
same terminal or electrode to which the bonding 
conductor or grounding electrode conductor is 
connected [NEC 810.21(D)].

Grounding Electrode for Radio 
and Television Equipment
�e bonding conductor or grounding electrode 
conductor from the antenna and/or antenna dis-
charge unit must be connected to a grounding 
electrode [NEC 810.21(F)]. If the building or 
structure served has an intersystem bonding ter-
mination, the bonding conductor or grounding 
electrode conductor shall be connected to the 
intersystem bonding termination. If the building 
or structure served has no intersystem bonding 
termination (existing building), the bonding con-

Photo 17.11. Grounding is required for satellite dishes, 
radio and TV antennas, and other equipment
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ductor or grounding electrode conductor shall be 
connected to the nearest available electrode. �e 
permitted electrodes are:

1. the building or structure grounding elec-
trode system;

2. the grounded interior metal water piping 
system within 1.52 m (5 ft) of where the 
water pipe enters the building;

3. the power service accessible means external 
to the building, as covered by NEC 250.94 
or IRC E3609.3;

4. the nonflexible metallic power service race-
way;

5. the service equipment enclosure; or
6. the grounding electrode conductor or the 

grounding electrode conductor metal enclo-
sures of the power service.

If the building or structure served has no inter-
system bonding termination or grounding means, 
as described above, an electrode can be installed 
as described in NEC 250.52(A) or a metal under-
ground systems or structures can be used such as 
piping systems or underground tanks. An example 
is a metal well casing. However, underground met-
al gas piping is not permitted to be used a ground-
ing electrode as specified at NEC 250.52(B) or 
IRC E3608.6.

Bonding Electrodes Together
Where a separate grounding electrode is used for 
the building electric service and the radio and tele-
vision grounding, both electrodes must be bonded 
together by a 6 AWG or larger copper conductor 
[see NEC 810.21( J)].

Local Community Antenna 
Television Systems (CATV)
NEC Article 820 covers coaxial cable distribution 
of radio frequencies typically employed in com-
munity antenna television (CATV) systems. Co-
axial cable is defined as cylindrical assembly com-

posed of a conductor centered inside a metallic 
tube or shield, separated by a dielectric material, 
and usually covered by an insulating jacket. Gen-
erally, coaxial cables installed inside a dwelling 
must be listed.

Like other low-voltage cables, community an-
tenna television and radio distribution systems are 
required to be installed in a neat and workmanlike 
manner. Cables must be supported by the building 
structure in such a manner that the cable will not 
be damaged by normal building use.

Coaxial cable cannot be placed in any raceway, 
compartment, outlet box, junction box or other en-
closures with conductors of electric light or power 
or Class 1 circuits, non–power-limited fire alarm, 
or medium-power network-powered broadband 
communications circuits unless:

1. the conductors of the different systems are 
separated by a permanent barrier or listed 
divider, or

2. the conductors in outlet boxes, junction 
boxes or similar fittings or compartments 
are introduced solely for power supply to the 
coaxial cable system distribution equipment 
or for power connection to remote-control 
equipment. Electric light, power and Class 
1 circuit conductors and non−power-limit-
ed fire alarm circuit conductors are required 
to be routed within the enclosure to main-
tain a minimum 6 mm (0.25 in.) separation 
from the coaxial cable [NEC 820.133(A)(1)
(b) Ex. No. 1 and Ex. No. 2].

Similar to other low-voltage conductors, the 
Code generally requires a 50 mm (2 in.) separation 
between CATV circuits and conductors of electric 
light, power, or other non−power-limited circuits. 
�ere are also similar exceptions that permit a 
lesser separation. Remember that the chance of 
interference decreases as the separation distance 
increases [NEC 820.133(A)(2)].

Coaxial cables are permitted in the same race-
way, boxes, enclosure, or cable routing assembly 
with jacketed cables of any of the following:
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1. Nonconductive and conductive optical fiber 
cables

2. Communications circuits
3. Low-power network-powered broadband 

communications circuits
4. Class 2 and Class 3 remote-control, signal-

ing, and power-limited circuits
5. Power-limited fire alarm systems

See NEC 820.133(A)(1)(a) and (b) for specific 
Code references for complete Code compliance.

Direct buried coaxial cable is required to be 
separated at least 300 mm (12 in.) from electric 
service conductors, non–power-limited fire alarm 
circuit conductors, or Class 1 circuits unless either 
are installed in raceways or have metal cable ar-
mor. Coaxial cables, however, are permitted to be 
directly buried in the same trench with branch-cir-
cuit or feeder conductors where they are installed 
in a raceway or in cable such as Type UF or Type 
USE [NEC 820.47(B) and exceptions].

CATV Cable Listing 
Requirements
�e CATV cable specifically listed for installation 
in dwellings is marked CATVX. Other coaxial ca-

bles permitted to be substituted for CAT-
VX cable include Types CATV, CATVP, 
or CATVR [NEC 820.113(K) and Table 
820.154(b)]. Cables installed in a duct, 
plenum or environmental air space are to 
be Type CATVP (plenum-rated). Instal-
lation in these spaces is to comply with 
NEC 300.22. For “other spaces used for 
environmental air,” such as joist or stud 
spaces used for return air to the furnace, 
air conditioner or air handler, cables are 
permitted to pass through such spaces 
perpendicular to (or across) the long di-
mension without being in metal raceway. 
Where installed in this manner according 
to NEC 300.22(C), Exception, the cable 

is not required to be plenum-rated.

Grounding of CATV Systems
Coaxial cables entering buildings or attached to 
buildings are required to be grounded. Where 
the outer conductive shield of a coaxial cable is 
grounded, no other protective devices are required. 
If the coaxial cable enters the building or if it is ter-
minated outside the building, the outer conductive 
shield is required be grounded in accordance with 
NEC 820.100. �e grounding terminations should 
be as close as practicable to the point of entrance. 
�e bonding conductor or grounding electrode 
conductor is permitted to be insulated, covered, or 
bare and be of copper or other corrosion-resistant 
conductive material, stranded or solid, and not 
be smaller than 14 AWG or required to be larger 
than 6 AWG.

Lightning protection is the primary purpose of 
grounding the CATV cable at the point where 
it enters the building. �e bonding conductor or 
grounding electrode conductor must be run in a 
straight line so far as practicable and be provid-
ed with physical protection where it is subject to 
physical damage. Where the bonding conductor 
or grounding electrode conductor is installed in a 
metal raceway, both ends of the raceway must be 
bonded to the enclosed conductor or to the same 

Figure 17.10. Separation of coaxial cables from power conductors
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terminal or electrode to which the bond-
ing conductor or grounding electrode 
conductor is connected.

�e bonding conductor or grounding 
electrode conductor shall be as short as 
practicable. In one- and two-family dwell-
ings, the bonding conductor or grounding 
electrode conductor shall be as short as 
practicable, not to exceed 6.0 m (20 ft) 
in length. Where it is not practicable to 
achieve an overall maximum bonding 
conductor or grounding electrode con-
ductor length of 6.0 m (20 ft), a separate 
grounding electrode is permitted to be 
used. �is CATV bonding conductor or 
grounding electrode conductor must be 

connected to the separate grounding electrode and 
the separate grounding electrode must be bonded 
to the power grounding electrode system.

Grounding Electrode for CATV 
Systems
If the building or structure served has an inter-
system bonding termination, the CATV bonding 
conductor or grounding electrode conductor must 
be connected to the intersystem bonding termina-
tion. If the building or structure served has no in-
tersystem bonding termination, the CATV bond-
ing conductor or grounding electrode conductor is 
required to be connected to the nearest accessible 
location, as listed below: 

1. the building or structure grounding elec-
trode system as covered in NEC 250.50 or 
IRC E3608.1, including underground met-
al water pipe, effectively grounded metal 
frame of a building, concrete-encased elec-
trode, etc.;

2. the grounded metal water piping system 
electrode as covered in NEC 250.52(A)(1) 
or IRC E3608.1.1;

3. the power service accessible means external 
to the enclosures as covered in NEC 250.94 
Exception;

Figure 17.11. Grounding and bonding is required for CATV cables

Photo 17.13. Coaxial cable grounding electrode conductor 
connected to power system grounding electrode conductor 
where no intersystem bonding termination exists

Photo 17.12. Coaxial cable bonding conductor connected 
to intersystem bonding termination (not shown)
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4. a nonflexible metallic power service race-
way;

5. the service equipment enclosure;
6. the grounding electrode conductor or the 

grounding electrode conductor metal enclo-
sure of the power service; or

7. the grounding electrode conductor or 
grounding electrode for a second building 
or structure disconnecting means that is 
connected to an electrode in accordance 
with NEC 250.32 or IRC E3607.3.

Where the building or structure in which the 
CATV system is installed has no intersystem bond-
ing termination or grounding means, a grounding 
electrode must be installed. �e grounding elec-
trode is permitted to be one of those listed in NEC 
250.52(A) or IRC E3608.1, including:

1. an underground metal water pipe [250.52(A)
(1) or IRC E3608.1.1];

2. the grounded metal frame of the build-
ing-[250.52(A)(2)];

3. a concrete-encased electrode 
[250.52(A)(3) or IRC E3608.1.2]; 
and

4. a ground ring [250.52(A)(4) or 
IRC E3608.1.3].

If none of these electrodes are present, 
an electrode is required to be installed 
and used. Additional electrodes permit-
ted for grounding include rods, pipes, or 
plate electrodes. �e Code prohibits the 
use of metal underground gas piping or 
aluminum electrodes for use as ground-
ing electrodes as provided in NEC 
250.52(B) [see NEC 820.100(B)(1), (B)
(2), and (B)(3)].

Network-Powered
Broadband
Communications Systems
Network-powered broadband commu-

nications systems are a very popular technology 
and represent a more advanced generation of 
communications systems. �ese systems provide 
multi-media services including any combination 
of voice, data, video, audio, and interactive func-
tions. �ese systems are generally supplied to 
premises wiring systems through a common cable 
or wiring that shares the different multiple fre-
quencies and terminates at a device identified as a 
network interface unit (NIU). A network interface 
unit is defined in NEC 830.2. �e cable supplying 
the NIU could be a coaxial type, a twisted-pair or 
a hybrid of coaxial, twisted-pair and optical fiber 
conductors. �e network interface unit converts 
and separates the broadband signals into compo-
nent voice, data, and interactive service signals.

NEC Article 830 recognizes two levels of power 
sources for these systems, which are referred to as 
low and medium power sources. �e low power 
sources are limited to a maximum current sys-
tem voltage of 100 volts and a maximum of 100 
volt-amperes (VA) and the medium power sources 
are limited to not more than 150 volts and a max-
imum power of 100 volt-amperes (VA) (see NEC 
Table 830.15 for specific information on power 
limitations).

Although these power sources are similar to 
those allowed for Class 3 circuits as covered in 

Figure 17.12. Basic components of a network-powered broadband 
communications system
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NEC Article 725, the installation requirements 
are more equivalent to those of Class 1 circuit or 
non−power-limited fire alarm circuit installation 
requirements. Because the voltage limit permitted 
for medium power systems is at 150 volts, greater 
spacing and separation provisions are needed. 

�e basic network-powered broadband com-
munications system includes a single supply cable 
to the NIU that contains the power and signals. 
�e NIU converts the broadband to component 
signals. �e common cables used are coaxial types 
with the broadband signal and power on the cen-
ter conductor of the cable with the braided por-
tion of the coaxial cable used for the broadband 
signal and a twisted pair for the power. Composite 
optical fiber cable(s) are provided with a pair of 
conductors used for the power (see figure 17.12).

Cable Requirements
(Types, Listing, and Marks)
�e Code generally requires the network-powered 
broadband communications systems equipment 
and cables to be listed and suitable for the pur-
pose. Table 17.1 provides a basic breakdown for 
the types of network-powered broadband com-
munications system cable types typically used at 
dwelling units and their intended uses.

Installation Requirements  
(Secure, Supports, 
Workmanlike Manner, 
Separations)
Network-powered broadband commu-
nications systems wiring is required to 
be installed in a neat and workmanlike 
manner. Cables are required to be sup-
ported by the structural components of 
the building and must be secured in a 
manner that the cables will not be dam-
aged by normal building use. Cables are 
required to be attached to the structure 
by hardware including straps, staples, 
cable ties, hangers, or similar fittings de-
signed and installed so as to not damage 

the cable. Where installed in hollow spaces, or 
through framing members, the appropriate space 
setbacks from the face of the framing member for 
power wiring must be maintained or suitable steel 
plates are required to be installed for protection 
as required by NEC 300.4(A), (D), (E), (F), and 
300.11 [NEC 830.24]. �ese cables are not per-
mitted to be supported by or strapped to the exte-
rior of any conduit or raceway [NEC 830.133(B)]. 

Types BMU, BM, or BMR cables shall be used 
for medium power network-powered broadband 
communications systems circuits installed out-
side and entering buildings; and types BLU and 
BLX shall be used for low power systems and 
circuits (NEC 830.40). �e minimum clearances 
from grade level(s) are provided in NEC 830.44 
and are consistent with those required in the 
National Electrical Safety Code (NESC). NEC 
Table 830.47(C) provides the minimum cover 
requirements for network-powered broadband 
communications wiring systems that is installed 
underground. Depths required are similar to 
those provided in NEC Table 300.5 or IRC Table 
E3803.1. However, network-powered broadband 
cables must meet the specified minimum depths 
provided in NEC Table 830.47(C).

Wiring installed within one- and two-family 
dwellings is generally required to be either type 
BM or BLX since wiring in plenums and ducts or 

Table 17.1. Network-Powered Broadband Communication Cables
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spaces used for transporting environmental air is 
limited. Where these conditions exist in dwellings 
and this wiring is installed in those spaces, it must 
be a type suitable for the location, either BMR 
or BLP. �e separation requirements of NEC 
830.133(A) must be followed.

Grounding and Bonding 
Requirements
�e grounding and bonding requirements for 
these systems are similar to the grounding and 
bonding rules for the other communications sys-
tems covered in Chapter 8 of the NEC. �e pur-
poses are the same.

�e first general requirement is that all metal-
lic enclosures, primary protectors, and metallic 
members of cables intended to be grounded are 
required to be grounded in accordance with the 
rules contained in NEC 830.100. Rigid metal 
conduit (RMC) or intermediate metal conduit 
(IMC) containing network-powered broadband 
communications entrance cable shall be connect-
ed by a bonding conductor or grounding electrode 
conductor to a grounding electrode in accordance 
with 830.100(B) [see NEC 830.49].

�e bonding conductor or grounding electrode 
conductor is required to be insulated, covered, 
or bare, solid or stranded, copper or other corro-
sion-resistant conductive material, and must not 
be smaller than 14 AWG but is not required to 
be larger than 6 AWG. �e bonding conductor or 
grounding electrode conductor is required to be 
installed in as straight a line as practicable and, 
where physical damage is a concern, it must be 
adequately protected. �e length of this bonding 
conductor or grounding electrode conductor in 
dwelling units is limited to 6.0 m (20 ft) and must 
be as short as possible. Where the length of 6.0 
m (20 ft) is not practicable, a separate electrode is 
permitted to be installed and a minimum 6 AWG 
bonding jumper must be installed between the 
power system electrode and the additionally in-
stalled NPBC systems grounding electrode [NEC 
830.100].

If the building or structure served has an in-
tersystem bonding termination, the grounding 
conductor shall be connected to the intersystem 
bonding termination. If the building or structure 
served has no intersystem bonding termination 
(such as at an existing building), the bonding con-
ductor or grounding electrode conductor for these 
systems must be connected at one of the nearest 
accessible locations such as the:

1. building or structure grounding electrode 
system as covered in NEC 250.50 or IRC 
E3608.1. �is includes underground met-
al water pipe, grounded metal frame of a 
building, concrete-encased electrode, etc.;

2. grounded metal water piping system elec-
trode as covered in 250.52(A)(1) or IRC 
E3608.1.1;

3. power service accessible means external to 
the enclosures as covered in NEC 250.94 
Exception;

4. nonflexible metallic power service raceway;
5. service equipment enclosure;
6. grounding electrode conductor or the 

grounding electrode conductor metal enclo-
sure of the power service; or 

7. grounding electrode conductor or ground-
ing electrode for a building or structure dis-
connecting means in accordance with NEC 
250.32 or IRC E3607.3.

�e connections of the bonding conductor 
or grounding electrode conductor to grounding 
electrodes are required to be suitable for the ap-
plication [see UL Category (KDSH)]. Grounding 
electrode connections must be made with equip-
ment suitable for that specific purpose and where 
separate electrodes are installed, they are required 
to be bonded together common to the power ser-
vice electrode(s). Where bonding or grounding is 
required, the devices used to connect a shield, a 
sheath, or non–current-carrying metallic members 
of a cable to a bonding conductor, or grounding 
electrode conductor, must be listed or be part of 
listed equipment [NEC 830.180].
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Figure 17.13. Premises-powered broadband communications systems

Photo 17.14. External network terminal at dwelling unit located near 
service metering equipment

systems are covered by the NEC in Ar-
ticle 840. �ese systems are broadband 
communication systems that are non−
network-powered. Prior to the 2011 
edition of the NEC, no specific article 
of the NEC addressed all the applica-
tions involved in these types of non−
network-powered communication 
systems. A basic premises-powered 
broadband communications system 
configuration consists of an optical 
fiber cable to the premises, which is 
referred to as fiber-to-the-premis-
es (FTTP). �is FTTP will supply a 
broadband signal to a device called an 
optical network terminal (ONT) that 
converts the broadband optical signal 
into component electrical signals such 
as telephone, video, high-speed Inter-
net, and interactive services. Powering 
of the ONT is typically accomplished 
through an ONT power supply unit 
(OPSU) and battery backup unit 
(BBU) that derives their power input 
from the available ac electrical power 
supply at the premises. Optical net-
work units use thin film filter tech-
nology to convert between optical and 
electrical signals. �in films are thin 
material layers ranging from fractions 
of a nanometre (monolayer) to several 
micrometres in thickness. Electron-
ic semiconductor devices and optical 

coatings are the main applications benefiting 
from thin film construction.

NEC Article 840 addresses the unique installa-
tion issues with premises-powered broadband com-
munication systems. �ese systems are not the same 
as network-powered broadband communications 
systems and therefore required a separate article.

�e IRC does not provide information about 
network-powered or premises-powered broad-
band communications systems installations in 
dwellings, so, by default, the requirements con-
tained in the NEC are to be applied.

�is chapter provides an overview of the ma-
jority of the requirements for installations of 
network-powered broadband communications 
systems installed in dwelling units. For specific 
installation criteria not provided in this chapter, 
refer to NEC Article 830 for the applicable re-
quirements and provisions.

Premises-Powered Broadband 
Communications Systems
Premises-powered broadband communications 
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Wiring in Air-Handling Spaces
It is best to avoid placing any wiring in ducts or 
other spaces for environmental air (plenums) due 
to the restrictive wiring methods required for 
these locations. As used in dwellings, return air 
ducts and plenums generally consist of prefabri-
cated round or rectangular sheet metal ducts used 
to transport environmental air. �e term plenum is 
defined in Article 100 of the NEC and in Chapter 
35 of the IRC. Plenums in dwellings are usual-
ly fabricated chambers built for the sole purpose 
of transmitting environmental air. For example, a 
plenum chamber is used to connect the ducts to a 
forced-air furnace.

Generally, the NEC requires that Class 2 wiring 
in plenums be listed as CL2P. �e “P” suffix usu-
ally means the cable is suitable for installation in 
plenums [NEC 725.154(A), 725.179(A) or IRC 
E4303.2.1]. Other cables, as indicated in NEC 
Table 725.154(A) or IRC Table E4303.2, Cable 
Uses and Permitted Substitutions, may be substi-
tuted for the CL2P cable. �e exception to this 
requirement permits listed wires and cables to be 
installed in a wiring method suitable for use in 
a plenum in compliance with NEC 300.22. IRC 
Table E4303.2 is limited to just the Class 2 wir-
ing substitutions and is derived from NEC Table 
725.154(A). Chapter 43 of the IRC is limited in 

scope to just Class 2 circuits and wiring. 
See chapter 9 of this textbook for more 
information on wiring in air-handling 
spaces.

Product Safety Standard 
Requirements
It is recommended that the following 
electrical product safety guide card 
information and product safety stan-
dards be consulted for additional guid-
ance on the proper installation, oper-
ation and use of electrical equipment 
covered in this chapter. �e four-letter 
code in parentheses refers to the prod-

uct category in the Underwriters Laboratories 
directories.

• Electrical Equipment for Use in Ordinary 
Locations  (AALZ)

• Power Supplies, General Purpose (QQFU)
• Power-Limited Fire-Alarm Cable    

(HNIR)
• Household Fire-Warning System Units   

(UTLQ)
• Control Units and Accessories, Household 

System Type (UTOU)
• Household Fire-Warning System Units   

(UTLQ)
• Detectors, Automatic Fire (UPLV)
• Detectors, Heat, Automatic Fire (UQGS)
• Microwave and Cable Communication   

Equipment (POFV)
• Telecommunications Equipment (WYIE)
• Telephone Appliances and Equipment   

(WYQQ)
• Power Limited Circuit Cable (QPTZ)
• Communication, Coaxial and Broadband       

Cable Assemblies (DUNH)
• Communications Cable (DUZX)
• Community Antenna Television Cable   

(DVCS)
• Network-Powered Broadband Communi-

cations Cables (PWIP)

Photo 17.15. Closeup of open network terminal (with insert)
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Questions
1. A Class 2 thermostat cable extending through 

a dwelling unit plenum space must generally be 
Type _____.

A. CL2
B. CL2P
C. CL2R
D. CL2X

2. NEC Article 725 and Chapter 43 of the IRC 
cover remote-control, signaling, and power-limit-
ed circuits that are an integral part of a device or 
of utilization equipment.

True _____ False _____

3. Jacketed cables of Class 2 circuits are per-
mitted to be installed in the same enclosure or 
raceway with jacketed cables of communication 
circuits as long as the Class 2 circuits comply with 
the applicable NEC article of the other jacketed 
cable.

True _____ False _____ 

4. �e location of the branch-circuit overcurrent 
protective device feeding a fire alarm control pan-
el(s) is required to be marked on the fire alarm 
control panel(s).

True _____ False _____

5. A Class 2 circuit is classified as the portion 
of the wiring system between the _______ side of 
a Class 2 power source and the connected equip-
ment.

A. line
B. load
C. line and load
D. neutral

6. Due to their power limitations, both Class 2 
and Class 3 circuits are considered to provide safe-
ty from a fire initiation standpoint.

True _____ False _____

7. Where an accessory building or addition-
al building has electrical power, an intersystem 
bonding termination is required to be established 
at the ___________________ for that building. 

A. first outlet
B. entrance
C. disconnecting means
D. metallic water piping system
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8. In a dwelling unit, cables such as CATV ca-
bles are permitted to be installed in joist or stud 
space used as “other space used for environmental 
air” __________________________________.

A. so long as no more than 1.8 m (6 ft) 
 of cable is in the space.
B. so long as it passes through the joist or 
 stud space perpendicular to the long 
 dimension of such spaces.
C. so long as it is stapled securely along the 
 studs or joists and no more cable is 
 installed than necessary.
D. so long as it passes through the joist 
 or stud space in the long dimension 
 of such spaces.

9. An intersystem bonding termination for con-
necting intersystem bonding and grounding con-
ductors required for other systems shall be provid-
ed external to enclosures at the service equipment 
and at the disconnecting means for any additional 
buildings or structures. �e intersystem bonding 
termination shall be:

A. capable of connection of not less than two 
 intersystem bonding conductors.
B. accessible for connection and inspection.
C. capable of connection of not less than   

 three intersystem bonding conductors.
D. both B and C

10. Communications circuits are not permitted 
to be installed in the same cable with Class 2 or 
3 circuits.

True _____ False _____ 

11. Power-limited fire alarm (PLFA) system 
conductors installed in dwellings are typically 
which of the following type conductors:

A. Type CMX, CL3X or CL2X
B. Type CL3P, CL2R or CL3
C. Type MPG, FPLR or FPL
D. Type FPLP, FPLR or FPL

12. Communications circuits are required to be 
installed in a neat and workmanlike manner.

True _____ False _____  

13. If the building or structure served has an 
intersystem bonding termination, the bonding 
conductor or grounding electrode conductor for 
a network-powered broadband communications 
system shall be connected to the intersystem 
bonding termination. If the building or structure 
(with grounding means) served has no intersys-
tem bonding termination (such as at an existing 
building), the bonding conductor or grounding 
electrode conductor for this system can be con-
nected at which of the nearest accessible locations:

A. grounded metal water piping system 
 electrode
B. nonflexible metallic power service 
 raceway
C. service equipment enclosure
D. any of the above

14. A raceway cannot be used as a means for 
supporting Class 2 circuit conductors unless the 
raceway contains the electric power conductors 
used to supply the same electrically controlled 
equipment.

True _____ False _____
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15. Communications circuit cables that enter a 
dwelling or terminate on the outside of a dwelling 
are generally not required to be grounded.

True _____ False _____ 

16. NEC Article ______ covers the installation 
of wiring and equipment of fire alarm systems in-
cluding all circuits controlled and powered by the 
fire alarm system.

A. 725
B. 727
C. 760
D. 800

17. A fire alarm circuit is the portion of the wir-
ing system between the load side of the overcur-
rent device, or the power-limited supply, and all 
connected equipment of all circuits powered and 
controlled by the fire alarm system and is classified 
as “non−power-limited ” or “power-limited.”

True _____ False _____

18. To help prevent unintentional signals on 
fire protective signaling circuits while they are be-
ing tested and serviced, they must be specifically 
__________ at all terminal and junction locations.

A. grouped
B. identified
C. marked
D. listed

19. Where a power-limited fire protective sig-
naling circuit is extended aerially (overhead) be-
yond one building, it is required to either meet 
the installation requirements of NEC Article 800 
Parts II, III, and IV and be classified as a commu-
nications circuit, or it must conform with the rules 
in Part I of NEC Article 300 and Part I of NEC 
Article 225 for outside branch circuits and feeders.

 True _____ False _____

20. For new construction, a minimum of 
_______ communication outlet(s) is required to 
be installed within the dwelling at a readily acces-
sible location and cabled to the service provider 
demarcation point.

A. 1
B. 2
C. 3
D. 4

21. Premises-powered optical fiber-based 
broadband communications systems are systems 
that provide any combination of voice, video, data, 
and interactive services through an optical net-
work terminal (ONT).

True _____ False _____

22. �e circuit extending from the communi-
cations utility’s serving terminal or tap up to and 
including the network interface unit (NIU) is the 
definition of a:

A. Community Antenna Television and 
 Radio Circuit
B. Network-Powered Broadband 
 Communications Circuit
C. Optical Fiber Cable Circuit
D. Premises-Powered Broadband 
 Communications Circuit
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23. �e bonding conductor or grounding elec-
trode conductor for a network-powered broad-
band communications cable shall be as short as 
practicable. In one-family and multifamily dwell-
ings, the bonding conductor or grounding elec-
trode conductor shall be as short as practicable, 
not to exceed what distance?

A. 2.5 m (8 ft)
B. 3.0 m (10 ft)
C. 6.0 m (20 ft)
D. Unlimited length

24.  __________ can best be described as a 
technology for wired Ethernet local area networks 
(LANs) that allows the electrical current necessary 
for the operation of devices to be carried by the data 
cables rather than by power cords.

A.   Smart wiring
B.   Power over Internet
C.   Power over Ethernet
D.   Power over optics
  

25.  �e “-LP” cable designation indicates that 
the cable has been evaluated to carry the marked 
current under reasonable worst-case installation 
scenarios without exceeding the __________ rat-
ing of the cable.

A.   amperage
B.   voltage
C.   insulation
D.   temperature
  
26.  An exception gives relief from providing a 

means for connecting intersystem bonding con-
ductors where communications systems are not 
likely to be used.

True _____ False _____
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2018 IRC Table Title (IRC / NEC) 2017 NEC
Table E3404.4 Enclosure Selection Table 110.28
Table E3406.9 Conductor Stranding Chapter 9, Table 10
Table E3602.2 Minimum Service Load Calculation Section 220.82
Table E3603.4 Grounding Electrode Conductor Sizing Table 250.66
Table E3702.14 Branch-Circuit Requirement—Summary Table 210.24
Table E3704.2(1) Feeder Load Calculation Table 220.12 and Table 

220.42, and Sections 
220.14, 220.50, 220.51, 
220.52, 220.53, 220.54, 
220.55 and 220.60

Table E3704.2(2) Demand Loads For Electric Ranges, Wall-Mounted 
Ovens, Counter-Mounted Cooking Units and Other 
Cooking Appliances Over 1 ¾ kVA Rating

Table 220.55 and Section 
220.55

Table E3705.1 Allowable Ampacities / Allowable Ampacities of In-
sulated Conductors Rated Up to and Including 2000 
Volts, 60°C �rough 90°C (140°F �rough 194°F), 
Not More �an �ree Current-Carrying Conductors 
in Raceway, Cable, or Earth (Directly Buried), Based 
on Ambient Temperature of 30°C (86°F)

Table 310.15(B)(16)

Table E3705.2 Ambient Temperature Correction Factors / Ambi-
ent Temperature Correction Factors Based on 30°C 
(86°F)

Table 310.15(B)(2)(a)

Table E3705.3 Conductor Proximity Adjustment Factors / Adjust-
ment Factors for More �an �ree Current-Carrying 
Conductors

Table 310.15(B)(3)(a)

Table E3705.5.3 Overcurrent Protection Rating / Small Conductors Section 240.4(D)
Table E3801.2 Allowable Wiring Methods Chapter 3 (Wiring 

Methods), 

Section 300.3(A) ,

Table 310.104(A)
Table E3801.4 Allowable Applications for Wiring Methods Chapter 3 (Wiring Meth-

ods), 

Section 300.2
Table E3802.1 General Installation and Support Requirements for 

Wiring Methods
Section 300.4, and .30 of 
Chapter 3 Articles (Wir-
ing Methods)

Table E3803.1 Minimum Cover Requirements, Burial in Inches 
/ Minimum Cover Requirements, 0 to 1000 Volts, 
Nominal, Burial in Millimeters (Inches)

Table 300.5

COMPARISON CHART OF 2018 IRC and 2017 NEC TABLES
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2018 IRC Table Title (IRC / NEC) 2017 NEC
Table E3904.6(1) 
through 

Table E3904.6(10)

Maximum Number of Conductors in Conduit or 
Tubing / Number and Size of Conductors in Raceway

Section 300.17, Chapter 9, 
Table 1, Note 1, 

Informational Annex C
Table E3905.12.1 Maximum Number of Conductors in Metal Boxes / 

Metal Boxes
Table 314.16(A)

Table E3905.12.2.1 Volume Allowance Required per Conductor Table 314.16(B)
Table E3907.8 Percent of Cross Section of Conduit and Tubing for 

Conductors / Percent of Cross Section of Conduit 
and Tubing for Conductors and Cables

Chapter 9, Table 1

Table E3907.9.1(1) Minimum Wire-Bending Space at Terminals Table 312.6(B)
Table E3907.9.1(2) Minimum Wire-Bending Space at Terminals and 

Minimum Width of Wiring Gutters
Table 312.6(A)

Table E3908.12 Equipment Grounding Conductor Sizing / Minimum 
Size Equipment Grounding Conductors for Ground-
ing Raceway and Equipment

Table 250.122

Table E3909.2 Maximum Ampere Load for Flexible Cords / Allow-
able Ampacity for Flexible Cords and Flexible Cables 
[Based on Ambient Temperature of 30°C (86°F)]

Table 400.5(A)(1)

Table E4002.1.2 Receptacle Ratings for Various Size Multi-Outlet 
Circuits / Receptacle Ratings for Various Size Cir-
cuits

Table 210.21(B)(3)

Table E4101.3 Flexible Cord Length (Appliances) Section 422.16(B)(1), (B)
(2), and (B)(4)

Table E4101.5 Disconnecting Means (Appliances) Sections 422.31(A), (B) 
and (C); 422.34; 422.35; 
424.19; 424.20; and 
440.14

Table E4202.1 Permitted Wiring Methods in Corrosive Environ-
ments 

(Swimming Pools and Similar Installations)

Sections 680.8, 680.14(B), 
680.21(A), 680.23(B) and 
(F), 680.25(A), 680.40, 
680.42, 680.43, and 
680.70

Table E4203.6 Overhead Conductor Clearances (Swimming Pools 
and Similar Installations)

Table 680.9(A)

Table E4303.2 Cable Uses and Permitted Substitutions 

(Class 2 Circuits)

Table 725.154(A) and 
Figure 725.154(A)

Table E4303.2.5 Cable Marking (Class 2 Circuits) Table 725.179( J)
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Chapter 1
Answer NEC Section IRC Section

1. False (1826) Ohm’s Law Ohm’s Law
2. True Ohm’s Law Ohm’s Law
3. False (Ampere) Ohm’s Law Ohm’s Law
4. True Ohm’s Law Ohm’s Law
5. True Ohm’s Law Ohm’s Law
6. A Ohm’s Law Ohm’s Law
7. True Ohm’s Law Ohm’s Law
8. True 90.1(A) (NEC Default)
9. True 100, Definitions —  E3501, Definitions — 

Premises Wiring (System)  Premises Wiring (System)
10. B 110.2 E3403.1
11. D 100, Definitions — Location(s) E3501, Definitions — Location(s)
12. C 110.14(A) E3406.10
13. B 240.4(D)(5) Table E3702.13
14. D Chapter 9, Table 8 (NEC Default)
15. C Table 310.104(A) (NEC Default)
16. B Table 310.15(B)(16) Table E3705.1
17. C Table 310.104(A) (NEC Default)
18. B Table 310.15(B)(16) Table E3705.1
19. B Table 310.10(C) (NEC Default)
20. False 310.15(B)(3)(a)(2), E3705.3, Ex. No. 1
21. False 310.106, Table 310.106(A) E3406.3
22. A Table 310.15(B)(16) Table E3705.2
23. D Table 310.15(B)(16) Table E3705.1 and Table E3705.2
24. B Table 310.15(B)(16)  Table E3705.2 and 

Table 310.15(B)(2)(a), Table E3705.2
25. B 110.14(C)(1)(a)(1) E3705.4.1
26. A 110.14(C)(1)(b)(1) E3705.4.2
27. C 310.15(B)(3)(a), Table 310.15(B)(3)(a) E3705.3, Table E3705.3
28. C 110.14(B) E3406.10
29. C 110.12(A) E3404.6
30. B 110.11 E3404.4
31. A 110.12(B) E3404.7
32. C 90.4, NEC 100,  R104.10 

Answers
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Definitions — Special Permission
33. C 110.3(C) (NEC Default)
34. B Dry Location, Article 100, Text in book IRC Chapter 35
35. D NEC 312.2 E3907.2
36. A UL Product Spec (ZMVV), Text in book (NEC Default)
37. C Text in book, Table 1.3 in book NEC Default)
38. B Table 310.15(B)(3)(a), Text in book Table E3705.3

Chapter 2
Answer NEC Section IRC Section

1. B 220.12, Table 220.12 E3704.4
2. B 220.14( J)(1) (NEC Default)
3. B 210.11(C)(1), 210.52(B)(1) E3703.2, E3901.3
4. B 210.11(C)(2) E3703.3
5. D 220.52(A) and (B) Table E3704.2(1)
6. True NEC 100, Definitions — Branch Circuit E3501, Definitions 

— Branch Circuit
7. True NEC 100, Definitions —  E3501, Definitions  

Branch Circuit, Appliance — Branch Circuit, Appliance
8. True NEC 100, Definitions—  E3501, Definitions 

Branch Circuit, Individual — Branch Circuit, Individual
9. True NEC 100, Definitions — Feeder E3501, Definitions — Feeder
10. True 220.5(A) (NEC Default)
11. C 220.54 Table E3704.2(1)
12. C 210.11, 220.12 Table E3704.2(1) 

(See examples in Informative Annex D)
13. False 220.14( J) Table E3704.2(1)
14. D 220.12 E3704.4
15. True 220.85 (NEC Default)
16. D 310.15(B)(7) E3603.1.1

Chapter 3
Answer NEC Section IRC Section

1. B 300.4(G) E3906.1.1
2. A 312.2 E3907.2
3. B 312.6(B)(1), Table 312.6(A) (NEC Default)
4. False 312.2, 408.37 E3907.2
5. A 312.3 E3907.3
6. C 312.4 E3907.4
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7. True. 408.41 E3706.4
8. C 408.36, Ex. No. 2 (NEC Default)
9. True 408.40 (NEC Default)
10. D 110.12(A) E3404.6
11. False 312.6(B)(2), Ex. No. 2, Table 312.6(A)  (NEC Default)
12. False 312.6(C), 300.4(G) E3906.1.1
13. True 312.6(C), 300.4(G) E3906.1.1
14. True 312.8 E3907.1
15. True 404.4, 312.2 E3907.2
16. True 404.6(A) (NEC Default)
17. C 404.8(A), 240.24(A) E4001.6
18. True 250.24(A)(5) E3607.2
19. True 408.4 E3706.2
20. True 408.30 E3706.1
21. True 408.4 E3706.2
22. B 408.36 E3706.3
23. C 110.12(A) E3404.6
24. True 408.36(D) (NEC Default)
25. True 408.40 (NEC Default)
26. B 312.2 E3907.2
27. A 312.8 E3907.1
28. C 408.3(A)(2) (NEC Default)
29. A Chapter 3 text in book Chapter 3 text in book

Chapter 4
Answer NEC Section IRC Section

1. B Art. 100 – Definitions – Service Conductors, E3501 – Definitions – Overhead 
Service Conductors, Overhead

2. True 230.28 E3604.5
3. D 230.9(A) E3604.1
4. D 230.24(A) E3604.2.1
5. C 230.43 E3605.2, Table E3801.4
6. D 230.26 E3604.3
7. B 230.24(B)(2) E3604.2.2
8. False 230.43 E3605.2, Table E3801.4
9. False  230.79(C) (100 amperes) E3602.1
10. C 230.90 E3603.3
11. C 230.54(C), Exception E3605.9.3, Exception
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12. C 230.50(B)(1) E3605.5
13. True 408.36, Ex. No. 2 (NEC Default)
14. C 230.24(A), Ex. No. 5 E3604.2.1, Ex. No. 5
15. C 230.6 (NEC Default)
16. False 230.2 E3601.2
17. False 110.26(A)(2) E3405.2
18. True 230.79(C) E3602.1
19. True 230.40, Ex. No. 4; 210.25 (NEC Default)
20. B 310.15(B)(7) E3603.1
21.  C 230.29, 250.102, Table 250.102(C)(1) E3604.6, E3609.5, Table E3603.4
22.  A Article 100- Definitions- Supplementary  (NEC Default)

Overcurrent Protective Device      
23.  C 110.26(A)(4)(b) (NEC Default)

Chapter 5
Answer NEC Section IRC Section

1. D 250.2 – Definitions – Bonding Jumper, Chapter 35 – Definitions 
Supply-Side – Bonding Jumper, 

Supply-Side
2. A 250.64(A) E3610.2
3. C 250.66, Table 250.66 E3603.4, Table E3 603.1
4. D 250.66, Table 250.66 E3603.4, Table E3603.1
5. False NEC 100, Definitions  Chapter 35 - Definitions 

— Grounded (Grounding) — Grounded (Grounding)
6. True 250.24(A)(5), 250.142(B) E3607.2, E3908.7
7. True  250.52(A)(3) E3608.1.2
8. D 250.28(D), Table 250.102(C)(1) E3607.6, E3609.5
9. B 250.102(E)(2) E3908.20.2
10. B 250.4(A)(5) E3908.5
11. False 250.52(A)(1) E3608.1.1
12. A 250.112(L) (NEC Default)
13. B 250.94 E3609.3
14. D 250.94 E3609.3
15. A 250.28(B) (NEC Default)
16. True 250.53(A)(2) E3608.4
17. B 250.52(B)(1) E3608.6
18. True 250.32(B) E3607.3.1
19. True 250.8(A)(5) and (A)(6) E3908.15
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20. D 250.53(A)(2), Exception  E3608.4, Exception
21. A 250.64(B) E3610.2
22. D 250.28(A) (NEC Default)
23. B 250.53(G) E3608.1.4.1
24. D 250.52(A)(5)(a) E3608.1.4
25. False 250.104(B) E3609.7
26. C 250.52(A)(3) E3608.1.2
27. False 250.64(C) E3610.1, Exception
28. C 250.92(B) E3609.4
29. True 250.64(D)(1) (NEC Default)
30. False 250.32(A), Exception E3607.3, Exception
31.     C 250.68(C)(3) E3611.5
32.     B 250.52(A)(2) (NEC Default)

Chapter 6
Answer NEC Section IRC Section

1. False (NEC 240 & IRC Chapter 37), 215.3  E3705.5
2. B 250.122(B) E3908.12
3. True 310.15(B)(7) E3704.1
4. True (See text) (See text)
5 True (See text) (See text)
6. True 338.10(B)(4)(b) E3801.2
7. False 338.10(B)(1) (NEC Default)
8. True (See text) (See text)
9. True (See text) (See text)
10. False 240.21 E3705.5
11. True 240.21(B)(1) (NEC Default)
12. True 250.24(A)(5) E3607.2
13. False Chapter 9, Table 1 E3904.6
14. True 352.12(B) (NEC Default)
15. False 352.44 (NEC Default)
16. True 348.42, 350.42 (NEC Default)
17. True 338.2, 310.104, Table 310.104(A)  (NEC Default)
18. D 300.4, 338.10(B)(4)(a), 334.17 E3802.2.2, Table E3802.1
19. False 314.28(A)(1) (NEC Default)
20. C Annex C, Table C.9 E3904.6, Table E3904.6(9)
21.  A. 356.30(1) (NEC Default)
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Chapter 7
Answer NEC Section IRC Section

1. False 422.31(A) E4101.5, Table E4101.5
2. D 110.22, 422.30 E3404.13 and E4101.5
3. D 422.16(B)(2)(3) E4101.3, Table E4101.3
4. D 422.13, 422.10(A) E3702.10, E3701.2
5. A 422.31(A) and (C) E4101.5, Table E4101.5
6. False 422.16(B)(1) E4101.3
7. True 422.16(B)(3) (NEC Default)
8. D 422.16(B)(2)(2) E4101.5, Table E4101.3
9. C 422.31(B) E4101.5, Table E4101.5
10. B 422.31(B), 430.110 E4101.5, Table E4101.5
11. True 422.17 E4101.2
12. C 422.12 E4101.5, Table E4101.5
13. True 422.15(C) (NEC Default)
14. True 422.16(A) E3909.1
15. True 422.33(B) (NEC Default)
16. B 422.13, 422.10(A) E3702.10, E3701.2
17. True 422.11(A) E4101.4.1
18.  A 422.11(F)(3) (NEC Default)

Chapter 8
Answer NEC Section IRC Section

1. False 424.20(A) E4101.5, Table E4101.5
2. D 424.94 (NEC Default)
3. C 424.3(A) E3702.10
4. True 424.46 (NEC Default)
5. True 424.41(A) (NEC Default)
6. A 424.41(F) (NEC Default)
7. B 424.39 (NEC Default)
8. D 424.11 (NEC Default)
9. True 424.91 (NEC Default)
10. True 424.9 Informational Note and (NEC Default)

210.52 Informational Note
11. A 424.19(A)(2)(2) E4101.5, Table E4101.5
12. D 424.36 (NEC Default)
13. D 424.38(B), 424.44 (NEC Default)
14. True 424.44(E) E3902.13
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15.   D 424.58 (NEC Default)
16.   C 424.101(A) (NEC Default)

Chapter 9
Answer NEC Section IRC Section

1. A 440.14, Article 100- In Sight From  E4101.5, Table E4101.5
2. A 440.63 (NEC Default)
3. B 440.32 (NEC Default)
4. False 440.14 Table E4101.5, Note a
5. True 440.63 E4101.5, Table E4101.5
6. True 440.4(A) (NEC Default)
7. True 440.14 Table E4101.5, Note a
8. B 440.62(C) E3702.12.2
9. C 210.63 E3901.12
10. C 440.22(A) (NEC Default)
11. D 440.64  (NEC Default)
12.  D 440.65  (NEC Default)

Chapter 10
Answer NEC Section IRC Section

1. D 210.8(A) E3902
2. False 210.52(B)(1), Ex. No. 2  E3901.3, Ex. No. 2
3. B NEC 100, Definitions — GFCI,   NEC Default

Informational Note 
4. B 210.8 E3902.14
5. A 210.8(A)(1) E3902.1
6. True 210.8(A)(2) E3902.2
7. B 210.12(A), Ex. E3902.16, Ex. 
8. C 210.8(A), Ex. to (3) E3902.3, Ex, E4101.7
9. False 210.8(A)(2) E3902.2
10. C 210.8(A)(7) E3902.7
11. D 210.12(A) E3902.16
12. D Local Building Codes R314.3
13. D 406.12(A) E4002.14
14. B 680.71 E4209.1
15. D 406.12, Exception E4002.14, Exception
16.   C 210.8(A)(9) E3902.8
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17.    True 210.8(10) E3902.9
18.    B 210.12(B), Exception E3902.17, Exception
19.    True 210.8(D) E3902.10
20. B 210.8 E3902.14
21. C 210.8(E) E3902.4
22. A 210.8(A)(8) E3902.11

Chapter 11
Answer NEC Section IRC Section

1. D 210.52(C)(1) E3901.4.1
2. A 210.52(A)(2)(1) E3901.2.2
3. A 210.50(C) E3901.5
4. False 210.70(A)(2)(a) E3903.3
5. B 210.21(B)(2), Table 210.21(B)(2) E3702.3
6. C 210.21(B)(3), Table 210.21(B)(3) E4002.1.2, Table E4002.1.2
7. D 210.21(B)(1) E4002.1.1
8. True 210.3 E3702.2
8.  True 210.52(A)(1) E3901.2.1
9. D 210.23, NEC 100, Definitions  E3702.2, Chapter 35 —

— Individual Branch Circuit  Individual Branch Circuit
10. C 210.23(B) E3702.4
11. True 404.9(B), Ex. No. 2 E4001.11.1, Ex. No. 2
12. B 210.70(A)(2)(b) E3903.3
13. B 210.19(A)(3) E3702.9.1
14. B 210.52(C)(5) E3901.4.5
15. D 210.50(B) E3909.4
16. C 300.4(E) (NEC Default)
17. C 210.4(B) E3701.5.1
18. D 210.6(A)(1) E3702.1
19. D 300.5, Table 300.5 E3803.1, Table E3803.1
20. A 300.14 E3406.11.3
21. D 300.4(D) E3802.2.2, Table E3802.1
22. C 406.9(A) & (B) E4002.8 & E4002.9
23. B 300.5, Table 300.5 — Column 4 E3803.1, Table E3803.1
24. True 250.8 E3908.15
25. B 334.80 E3705.4.4
26. D 300.5(D)(1) E3803.3
27. C 334.112 E3705.4.4
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28. True 340.12(9) E3802.3.3, Table E3801.4
29. C 210.52(I) E3901.11
30. True 310.106(A), Table 310.106(A) E3406.3
31. True 210.52(H) E3901.10
32. False 310.106(A), 402.6 (NEC Default)
33. B 300.14 E3406.10.3
34.     False 210.52(G)(1) E3901.9
35. True 210.8(E) E3902.4
36. True 210.8(A)(6) and 210.52(C)(5) E3902.6 and E3901.4.5
37. A 210.52(G)(1) E3901.9

Chapter 12
Answer NEC Section IRC Section

1. C 314.16(A), Table 314.16(A) E3905.12.1, Table  
E3905.12.1

2. B 314.16(B)(2) E3905.12.2.2
3. True 314.16(C)(3) (NEC Default)
4. D 314.16(B)(1), Table 314.6(B) E3905.12.2.1, Table  

E3905.12.2.1
5. C 314.16(B)(1), Table 314.6(B) E3905.12.2.1, Table  

E3905.12.2.1
6. B  110.12(A) E3404.6
7. False 314.23(B)(2) E3906.8.2.2
8. D 314.27(C), 422.18 E3905.8, E4101.6
9. B 314.16(B), 314.16(A)(1), Table 314.16(A),  E3905.12.2, E3905.12.1.1,

Table 314.16(B) Table E3905.12.1,  
Table  E3905.12.2.1

10. False 314.19 E3905.5
11. C 314.16(B)(1), (2), (3), (5), Table 314.16(B) E3905.2, Table     

E3905.12.2.1
12. True 314.27(C) E3905.8
13. C 314.16(B)(1), (5), Table 314.16(B) E3905.2, Table     

E3905.12.2.1
14. D 314.16(A), Table 314.16(A), 314.16(B)(1),  E3905.12.1, Table    

E3905.12.1,
Table 314.16(B) E3905.12.2, Table    

E3905.12.2.1
15. C 314.16(B)(1), (2), (4), (5), Table 314.16(B) E3905.12.2, Table    

E3905.12.2.1
16. C 314.27(A)(2) E3905.6.2 
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17. True 314.15 E3905.11
18. B 314.16(B)(4) E3905.12.2.4
19. True 314.20 E3906.5
20. B 314.16(B)(2) and (3) E3905.12.2.2, E3905.12.2.3
21. True 314.22, Exception E3906.7, Exception
22. True 314.24(A) E3905.4.1
23. D 314.24(B)(5) E3905.4.2, Exception. No. 5
24. True 314.17(C) E3905.3.3
25. A 314.20 E3906.5
26. A 314.23(B)(1) E3906.8.2.1
27. B 314.27(A)(1), Exception E3905.6.1, Exception
28. B 314.16(B)(4) E3905.12.2.4
29. A 300.21 E3402.2, R302.4
30. B 300.22(C), Exception E3904.7
31. B 314.25 E3906.9
32. C 314.15 E3905.11
33. D 314.16(A) and (B) E3905.12.1 and E3905.12.2
34. C Book Text [314.27(E)] E3906.12

Chapter 13
Answer NEC Section IRC Section

1. D 410.68 (NEC Default)
2. False 410.56(C) (NEC Default)
3. B 410.10(A), NEC 100,  E4003.9, Chapter 35, Definitions 

Definitions — Locations, Damp
4. D 410.10(D) E4003.11
5. False 406.9(C) E4002.11
6. A 410.130(E)(1)  E4003.6
7. B 406.9(E) E4002.12
8. False 406.12 E4002.14
9. D 410.44, 410.46 E4003.3
10. A 410.116(B) E4004.9
11. True 200.10(C), 410.90 E4003.13.1
12. D 314.27(A)(2) E3905.6.2
13. True 406.10(C) (NEC Default)
14.  B 406.9(A) and (B)(1) E4002.8, E4002.9
15. B 410.116(A)(1) E4004.8
16. True 410.16 (A) and (B) E4003.12
17. C 404.2(C) E4001.15
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18. True 406.4(D)(6) (NEC Default)
19. D 410.16(B) E4003.12
20. C 410.44, Ex. No. 1 (NEC Default)
21. D 314.23(D)(1), 410.36(B) (NEC Default)
22. C 410.151(A) and (C)(2) E4005.1, E4005.2, E4005.4
23. False 410.151(C)(7) E4005.4
24. D 404.10(B) E4001.10
25. B Definitions, Article 100 (NEC Default)
26. True Ch. 13 text in book Ch. 13 text in book
27. True Ch. 13 text in book Ch. 13 text in book
28. B 406.9(B)(1) E4002.9
29. A 404.4(C) E4001.7

Chapter 14
Answer NEC Section IRC Section

1. D 680.2,   E4201.2 - Definitions 
Definitions - Low Voltage Contact Limit

2. B 680.23(A)(4) E4206.4.1
3. A 680.24(D) E4206.9.4
4. B 680.22(B) E4203.4
5. True 680.24(A)(2)(c) E4206.9.1
6. B 680.26(B) E4204.2
7. C 680.2- Definitions- Storable Swimming Pool  E4201.2
8. C 680.43(C) E4203.2
9. B 680.22(A)(1) and (2)  E4203.1.1
10. C 680.26(B) E4204.2
11. True 680.23(C)(1) E4206.6
12. True 680.23(F)(2) E4205.2
13. B 680.24(B)(2)(b) E4206.9.1.5
14. A 680.23(B)(2)(a) E4202.1, Table E4202.1
15. True 680.21(B) E4202.3
16. B 680.23(A)(1) and (A)(2) E4206.1, E4206.4
17. C 680.44(A) and (B) E4208.1
18. B 680.21(A)(1) and (4)  E4202.1, Table E4202.1, E4205.5
19. False 680.21(C) E4203.1.3
20. True 680.26(B)(6)(a) E4204.2.6.1
21. B 680.71 E4209.1
22. C 680.22(B)(6) E4203.4.3
23. False 680.50 and 680.60 E3902.4
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24. A Ch. 14 text in book Ch. 14 text in book
25. C 680.28 (NEC Default)
26. True 680.14 E4202.2
27. False 250.52(B) E3608.7
28. D 250.122 and Table 250.122 E3908.12
29. B 680.83 (NEC Default)

Chapter 15
Answer NEC Section IRC Section

1. False 225.5 (NEC Default)
2. A 225.6(A)(1) (NEC Default)
3. True 225.6(A)(1) (NEC Default)
4. A 225.6(A)(1) (NEC Default)
5. A 225.4 (NEC Default)
6. True 225.4 (NEC Default)
7. C 225.11, 230.54(B), Exception E3605.9.2, (Service only)
8. True 225.11, 230.54(C) E3605.9.3, (Service only)
9. A 225.11, 230.54(C), Ex. E3605.9.3, Ex. , 

(Service only)
10. True 225.22 E3605.8, (Service only)
11. C 225.18(1) E3604.2.2, (Service only)
12. B 225.17 E3604.5, (Service only)
13. True 225.12 (NEC Default)
14. D 225.19(A) E3604.2.1, (Service only)
15. D 225.19(A), Ex. No. 2 E3604.2.1, Ex. 2, 

(Service only)
16. D 225.19(B) (NEC Default)
17. A 225.18, 225.20, 230.50 (NEC Default)
18. False 225.25 (NEC Default)
19. False 225.26, 590.4( J), Exception (NEC Default)
20. B 300.5(A), Table 300.5 E3803.1, Table E3803.1
21. False 225.30 (NEC Default)
22. C 225.36 and 250.32(B), Exception (NEC Default)
23. B 250.32(B)(1), Exception No. 1 E3607.3.2
24. A 225.30 (NEC Default)
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Chapter 16
Answer NEC Section IRC Section

1. True See Book- “Extension of Existing Branch Circuits”
2. True See Book- “Extending Type NM Cables” 
3. True 394.2 (NEC Default)
4. B 394.10, 300.16(A) (NEC Default)
5. False 250.130(C) AJ301.4, Exceptions
6. True 220.16(A) (NEC Default)
7. B 240.51(A) (NEC Default)
8. True 240.51(B) AJ301.4, Exceptions
9. C 240.52 (NEC Default)
10. True 408.36, Ex. No. 3 (NEC Default)
11. True 406.4(D)(3) AJ501.5.3.3
12. D 406.4(D)(5) and (D)(6) (NEC Default)
13. D 210.12(D) E3902.17
14.  C 210.12(BD) Ex. E3902.17 Ex.
15.   A 406.4(D)(4), Ex. No. 1 (NEC Default) 

Chapter 17
Answer NEC Section IRC Section

1. B 725.154(A) E4303.2.1
2. False 725.1 E4301.1
3. True 725.139(E) E4304.4
4. True 760.41(B), 760.121(B) (NEC Default)
5. B 725.2, Definition E4301.2
6. True 725.2, Definition E4301.2
7. C 250.94 E3609.3
8. B 300.22(C), Exception E3904.7
9. D 250.94  E3609.3
10. False 800.133(A)(1)(b) E4304.4
11. D 760.154, Table 760.154 (NEC Default)
12. True 800.24 (NEC Default)
13. D 830.100(B)(2) (NEC Default)
14. True 725.143, 300.11(C)(2) E4304.5
15. False 800.93(A) and (B) (NEC Default)
16. C 760.1 (NEC Default)
17. True 760.2, Definition (NEC Default)
18. B 760.30 (NEC Default)
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19. False 760.32 (NEC Default)
20. A 800.156 (NEC Default)
21. True 840.1, Informational Note No. 1 (NEC Default)
22. B 830.2, Definition (NEC Default)
23. C 830.100(A)(4) (NEC Default) 
24. C Ch. 17 text in book Ch. 17 text in book
25. D 725.179(I) (NEC Default)
26. True 250.94(A) and (B) E3609.3
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Index

A
Air-Conditioning Equipment  232

Branch Circuit Requirements  234
Disconnecting Means Rating  236
Indoor Heat Pump Equipment  239
Overcurrent Protection Rating  235
Room Air Conditioners  240
UL 484, Room Air Conditioners  241
Working Space  238

Alternating-current system
Conductor  132
Grounded (Neutral)  132

Ampere
Fractions  48

Appliances  194
Appliance Unit Switch(es)  205
Branch-Circuit Requirements  194
Connected with Flexible Cord  197
Disconnecting Means  203
Electric Water Heaters  203
Installation of  196
Motor-Operated Appliances Rated Over ⅛ HP  

204
Overcurrent Protection  206
Polarity  211

Arc-Fault Circuit-Interrupter Protection  256, 
464, 476

Existing Branch Circuit Modifications  259
Authority Having Jurisdiction (AHJ)  10

B
Bathrooms  246

Bathtubs or Shower Stalls  252
Bonding (Bonded)  128, 130

Equipotential Bonding Grid  409
Equipotential Bonding Requirements  407
Main Bonding Jumper  134
Metal Water Piping Systems  154
Purpose  129
Service Equipment  136

Boxes  315
Accessible  335
Barriers  323
Clamp Fill  322
Conductor Fill  321
Device or Equipment Fill  323
Floor Boxes  333
Flush Boxes  326
General Rules  318
Metal Boxes  319
Minimum Box Size  463
Multiple Cable Entries  325
Nonmetallic Boxes  320
Nonstructural Mounting  329
Other Spaces Used for Environmental Air  340
Pull and Junction Boxes  324
Securing and Supporting  328
Separable Attachment Fittings  332
Support Fittings Fill  323
Support of Old-Work Style Boxes  466
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Volume Calculations  319
Wet or Damp Locations  326
Types of Nonmetallic and Metal Boxes  315

Box Fill Calculations  321
Branch circuit  463, 481

Appliance  49
Color Code  278
Common Area  281
Connection to  227
Maximum Load  279
Multiwire Branch Circuits  272
Permissible Loads  280
Power and Lighting Distribution  269
Required  271
Supplying Specific Appliances  270
Temperature Limitations  357
Underground-Residential Branch Circuits  254
Unit load  48
Voltage Limitations  270

C
Cabinets  73

Installed in Damp and Wet Locations  74
Wire Space in Enclosures  80

Cable(s)
Electric Space-Heating Cables  222

Clearance of  223
Installation of  222, 224
Splicing of  223

Metal Framing Members  189
Calculating and sizing requirements

Common Requirements  47
Four or More Appliances  52
Load Calculations  50

Calculation of loads  481
Ceiling-Suspended (Paddle) Fans  202

Boxes  334
Circuit(s)  462, 498, 499

Class 1, Class 2, and Class 3, Remote-Control, 

Signaling, and Power-Limited Circuits  
488

Classification of Fire Alarm Circuits  495
Communications Circuits  497
Electric Light or Power Circuits and Class 2 

Circuits  490, 498
Leaving or Entering a Building  448
Lighting  48
Remote-Control, Signaling, and Power-Limit-

ed Circuits  489
Class 2 Conductors and Cables within Buildings  

492
Communication Systems

Intersystem Bonding and Grounding Require-
ments  138

Concrete-encased electrodes  142
Conductor(s)

3 m (10 ft) Tap Rule  169
Ampacity  29
Antenna Lead-In Conductors  503
Buildings and Outbuildings  448
Clearance for Overhead Conductors  450
Connections  22
Grounded (Neutral) Conductor  187
Main Bonding Jumper Sizing  83
Material  22
Meter Enclosures  78
Minimum Size  447
Minimum Size of Grounded (Neutral)  60
Minimum Sizes and Types of Conductors  270
PLFA (Power-Limited Fire Alarm) System 

Conductors  497
Protection from Abrasion  79
Selection of  47
Splices  22
Supply Conductors  360
Temperature Limitations of Terminations  24
Terminals  24
Termination Compound  28
Terminations and Torque  26
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Conduit and Tubing Wiring Methods  177
Junction Boxes and Electrical Enclosures  405

Conduit Bodies  189, 316
Connectors

Separately Installed  25
Wire  23

D
Demand Factors  51
Disconnecting Means  203, 453

Air-Conditioning Equipment  237
Appliance Unit Switch(es)  205
Attachment Plug and Receptacle or Attach-

ment Fittings  205
Fixed Space-Heating Equipment  219
Swimming Pools  394
Unit Switches  221

E
Edison-Base Type Plug Fuses  482
Electrical Inspections

Required  9
Residential Inspection Checklist  540

Electrical Metallic Tubing (EMT)  181
Electrical �eory

Basic  14
Terms and Definitions  15
Trade Terminology  16

Ennclosure Types  19
Equipment  135, 462

Bonding  130
Corrosion Protection  20
Defined  13
Grounding  130, 158
Listed or Labeled  10
Mounting of  21
Operated Around Permanently Installed Pools  

416
Outdoor Use and Enclosure Types  18

Suitability  17
Temperature Rating  25
Unused Openings  19

Equipment Grounding Conductor  171, 274
Connections  275
Fill  324
Identification  172
Sizes  172

F
Feeder(s)  46, 166, 455

3 m (10 ft) Tap Rule  169
7.5 m (25 ft) Tap Rule  170
Conductors  174
Equipment Grounding Conductors  171
Informative Annex C  176
Installation of Feeder Using Cables  186
Installed Parallel to Framing Members  189
Isolated Grounded (Neutral) Conductor  173
Overcurrent Protection  168
Pool Equipment  414
Protection from Physical Damage  188
Sizing  167

Fire Alarm Systems  494
Branch Circuit for Fire Alarm Circuits  495

Fire-Rated Structural Members  336
Firestopping Penetrations  338
Fixed electric space-heating equipment

Branch-Circuit Requirements  218
Conductor Insulation Rating  217
Disconnecting Means  220
Dry Board Installations  224
Loads  52
Overcurrent Protection  222
Physical Damage  217
Required Spacing from Combustible Material  

218
Flexible Cords  309
Flexible Metal Conduit (FMC)  182



Index  589

G
Ground-Fault Circuit Interrupter (GFCI)  245, 

475
Bathtubs or Shower Stalls  252
Boathouses and Boat Hoist  253
Crawl Space Receptacles and Lighting Outlets  

248
Dwelling Unit Kitchen Dishwasher Branch 

Circuit  254
Dwelling Unit Sinks  251
Electrically Heated Floors  255
Hydromassage Bathtubs  255
Kitchen(s)  250
Laundry Areas  253
Outdoor Receptacles  248
Spas and Hot Tubs  424
Swimming Pools  386
Unfinished Basements  249
Where Required  246

Ground-Fault Current Path  130
Grounding (Grounded)  128, 129, 456

Appliances  207
Branch-Circuit Extensions  474
Branch Circuits  480
Common Grounding Electrode  147
Cooking Appliances and Clothes Dryers on 

New Branch Circuits  209
Electrical Systems  130
Grounding Electrode Conductor  150, 457

Bonding Metal Enclosures  154
Installation  152
Sizing  152
Taps  151

Grounding Electrode System  139
Size of  148

Made Electrodes  144
Ranges and Clothes Dryers  208
Rod, Pipe, or Plate Electrodes  146
Separate Buildings or Structures  160
Service-Supplied Alternating-Current Systems 

System  131
Underground Metal Elbows  157
Underwater Luminaires  404

H
Heat Pumps

Loads  56
Hydromassage Bathtubs  425

Bonding  427

I
International Code Council

International Residential Code  43
Comparison with NEC charts  570
Cross Reference with NEC  516
Sizing Requirements  58

K
Kitchen(s)

Built-In Dishwashers  199
Counter-Mounted Cooking Units  202
Electric Ranges  53
In-Sink Waste Disposer  198
Range Hoods  201
Receptacle Spacing  286
Separate Countertop Spaces  288
Small Appliance Circuits  284
Trash Compactor  200
Wall-Mounted Ovens  202

Knob-and-Tube Wiring  468

L
Laundry areas  253

Branch Circuit  50
Clothes Dryer Loads  52

Limited Energy Systems  487, 499
Liquidtight Flexible Metal Conduit (LFMC)  

183
Liquidtight Flexible Nonmetallic Conduit 
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(LFNC)  185
Listed or Labeled Equipment  10
Load Calculation Methods  47

Noncoincident Loads  54
One-Family Dwelling  50
Optional Calculation  55
Two-Family Dwelling  57

Local Community Antenna Television Systems 
(CATV)  504

Grounding Electrode  506
Grounding of CATV Systems  505

Low Voltage and Limited Energy Systems  488
Luminaires  346

Bathrooms  352
Boxes at Luminaire Outlets  331
Clearance from Combustible Materials  356
Clothes Closets  353
Connection of Electric-Discharge and LED 

Luminaires  361
Designs  350
Dry, Damp, and Wet Locations  350
Dry-Niche Luminaires  402
Fluorescent Luminaires  359
Grounding of  364
�ermal Insulation  356
Instructions or Markings  347
LED Luminaires  359
Low-Voltage Lighting Systems  366
No-Niche Luminaires  403
Raceway-Supported Enclosures  330
Recessed Luminaires  355

Markings  357
Replacing  471
Retrofit Kits  348
Supporting of  363
Swimming Pools  352
�rough-Wall Lighting Assemblies  403
Track Lighting  365
Trees  364
Underwater Luminaires  398

Wet-Niche Luminaires  400

M
Mechanical Execution of Work  497

N
National Electrical Code

Purpose  8
Network-Powered Broadband Communications 

Systems  507
Cable Requirements  508
Grounding and Bonding Requirements  509
Installation Requirements  508

Notches in Wood  188

O
Ohm’s Law  14
Outlets

Other Loads  52
Overcurrent Devices

Mounting and Location  80
Rating of  279

P
Panelboards  82, 118

Dedicated Electrical Space  111
Individual Overcurrent Protection  84
Other Requirements  85
Overcurrent Protection  119, 483

Personnel Protection  244
Plan Reviews  43
Power over Ethernet (PoE)  493
Premises-Powered Broadband Communications 

Systems  510
Protected/protection

From Physical Damage  100



Index  591

Q
Qualified Persons  12

Good mechanical execution  13

R
Raceways and Feeder Cable Assemblies  174, 497

Conductor Routing and Induction  341
Minimum Size  175

Radiant-Heating Panels and Heating Panel Sets  
226

Installation of  228
Installation Requirements  226

Radio and Television Equipment  503
Antenna Discharge Units  503
Bonding Electrodes Together  504
Grounding Electrode for Radio and Television 

Equipment  503
Grounding-Receiving Stations  503

Receptacle(s)  282, 367
Basements, Garages, and Accessory Buildings  

293
Bathtub and Shower Spaces  374
Counter Receptacle Outlet Location  289
Damp or Wet Locations  372
Dwelling Unit Bathrooms  290
Faceplates  370
Foyers  296
GFCI for Replacement Receptacles  369
Hallways  295
Island Countertop Spaces  287
Laundry Areas  292
Lighting Outlets  296
Methods of Grounding  277
Mounting of  369
Non-Grounding Type Receptacles  472
Outdoor Receptacle Outlets  291
Outlet  48
Peninsular Counter Space  287
Permanently Installed Swimming Pools  395

Replacement Receptacles  255
Tamper-Resistant Receptacles  260, 368, 477

Remote Metering Equipment
Bonding and Grounding  159

Rigid Polyvinyl Chloride Conduit (PVC)  180

S
Separate structures  447

Bonding  458
Disconnecting Means  452
Equipment Installation  455
Grounding Electrodes  457
Grounding Electrode System  457
Grounding Requirements  455
Load Calculations and Overcurrent Protection  

447
Number of Supplies  452

Service disconnecting means  105
Equipment Connected  120
Marking  107

Service Drop  95
Number of  120

Service-Entrance Cables  306
Installation  103

Service-entrance conductor(s)  105
Accessory Buildings  61
Calculating  45
Clearances  94
Minimum Size of Grounded (Neutral) Service  

53
Overload Protection  61, 117
Raceways  104
Ratings  58
Sizing  114
Sunlight Resistant  99
Supports  97

Service-Entrance Equipment  120
Service Masts  98
Service(s)  92

Grounding Path  133
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Grounding Target  135
Load Calculation  59
Outbuildings  113
Overhead  121
Plaque or Directory  124
Service Equipment  94
Sizing  60
Sizing Supply-Side Bonding Jumpers  138
Underground  124
Underground Service Laterals  100

Smoke Alarm Outlets and Wiring  262
Location(s)  263
Power Source  264
Wiring and Interconnections  264

Splices  362
Direct-Buried Conductors  309
Knob-and-Tube Wiring  469
Soldered Connections  27
Underground  23

Storable Pools, Storable Spas, and Storable Hot 
Tubs  417

Assemblies  419
Bonding  423
Electric Water Heaters  424
Grounding  423
Luminaires  418
Luminaires, Lighting Outlets, and Ceiling-Sus-

pended Fans  422
Pump Motors  417
Receptacle Locations  419
Receptacles  421
Wall Switches  422

Swimming Pools  382
Article 680 Arrangement  383
Cord- and Plug-Connected Equipment  390
Corrosive Environments  393
Electric Pool Water Heaters  392
Equipment Rooms and Pits  393
Equipotential Bonding Grid  409
Gas-Fired Water Heaters  393

Ground-Fault Circuit-Interrupter Types  386
Grounding Requirements  389
Luminaires, Lighting Outlets and Ceiling Fans  

396
Overhead Conductor Clearances  390
Panelboards in Other Buildings  415
RC Chapter 42  384
Underwater Audio Equipment Installation(s)  

412
Wiring Methods for Permanently Installed 

Pool-Associated Motors  413
Switches  374, 405, 478

Grounded Circuit Conductors at Switch Loca-
tions  376

Methods of Grounding  276
Mounting and Location  80
�ermostatically Controlled Switching Devices  

221

T
Type NM Cable  77, 300, 302, 303, 466

Ampacity  28
Securing and Supporting  304

Types SE and SER Cables  102
Protection of  104
Temperature Limitations  187

Type USE Cable  101

U
Underground Feeder and Branch-Circuit Cable 

(Type UF)  306
Outside Branch Circuits and Feeders  451

Underground Installations and Cover  308, 392
Handhole Enclosures  341

V
Vertical Clearances Above Grade  97
Voltages Used in Calculations  48
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W
Watts Wheel  15
Wire Bending Space  76
Wiring and Grounding Cooktops  211
Wiring in Air-Handling Spaces  339
Wiring methods  499, 511

Aluminum Wire Terminations  27
Knob-and-Tube Wiring  467
Wiring Methods for Class 2 Circuits  490
Wiring Methods for PLFA Circuits  496

Wiring Methods  298
Working Space  109, 110

Illumination  112
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With more than 126 million households in the U.S., it is vital that all elec-
trical inspectors and electricians become knowledgeable in the design and 
installation of electrical systems in new and remodeled dwelling units. 

�e National Electrical Code contains more requirements specific to dwelling units 
than those specific to all other types of occupancies combined. It is critical for local 
electrical inspectors to be fully equipped to inspect and examine installations for 
compliance and safety with regard to the locally adopted code in their jurisdictions. 
With this publication, you will have that information instantly available.

�at’s why IAEI has sorted, organized, and combined references from the National 
Electrical Code, the International Residential Code, and the product categories in the 
UL Product Spec materials. Now you have all the required information at your fin-
gertips. �is book presents this information and also offers:

•	 Illustrations and detailed examples.
•	 Background information.
•	 Tables and photos that present visual confirmation of the text.
•	 Accurate and thorough information on all aspects of residential wiring.

Become an expert in electrical installations at dwelling units! With the knowledge 
and information contained in this publication, you can become just that! Don’t 
guess: take it from the Code experts at IAEI and know what the Code says about the 
in-depth electrical requirements for residential construction.

IAEI, as the keystone of the electrical industry, is a member-
ship driven, non-pro�t association promoting electrical safety 
throughout the industry by providing premier education, certi-
�cation of inspectors, advocacy, partnerships and expert leader-
ship in electrical codes and standards development.
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