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THE ROLE OF THE ELECTRICAL INSPECTOR AND THE IMPORTANCE OF PROPER
TRAINING

When one considers how different groups within the electrical industry affect the end
product used by consumers, it is easy to see the importance of those groups working
together in a coordinated manner. From the time electrical products are designed to the
time when electrical installations are completed or when electrical equipment is pur-
chased by the consumer, many steps must be taken to make it all possible. During this
process, close attention to safety standards must be given to the design, installation, and
use of electrical products. Product safety standards include testing guidelines which can
be used to help ensure that products perform in a safe manner. Products so evaluated by
appropriate third party testing laboratories may label the electrical equipment with autho-
rized markings as a means of verifying that the product complies with the minimum
requirements of the safety standard.

The National Electrical Code® is an electrical safety standard containing rules affect-
ing products, installation procedures and use of electrical equipment. It is the most widely
recognized safety standard in this country. The NEC® is usually adopted through a legisla-
tive process of a governmental agency and becomes enforceable as a law within that juris-
diction. The NEC® is amended every three years in response to such things as the
development of new products, the recognition of different installation and use procedures,
and the discovery of potential hazards to persons and property. Electrical inspectors have
the responsibility of enforcing the safety requirements of the National Electrical Code®

Electrical inspectors are an important part of the safety program. They are involved in
the development of safety rules as well as in the application of those rules to electrical
installations. The responsibility borne by electrical inspectors is significant. To be respon-
sible for knowing safety rules, making proper interpretation of those rules, and properly
applying them to a job site is a major endeavor. In order for the electrical inspector to
properly do his or her job, knowledge and skill must be developed. This is achieved
through adequate education and experience. It is vital that electrical inspectors be knowl-
edgeable of the rules in the National Electrical Code® and know how to apply those rules.

The need for adequate training and experience is not limited to the electrical inspec-
tor. All who are a part of the electrical construction industry can benefit by it. In order for
one to maintain an acceptable level of proficiency in a profession or trade, one must stay
current with the ever changing electrical field. That proficiency is achieved through con-
tinuing education and training. There is no substitute for such training and experience. To
emphasize this point, I refer to a philosophy taught by Ray Mullin: “The cost of education
is small when compared to the price paid for ignorance.”

Philip H. Cox

Executive Director

International Association
of Electrical Inspectors
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INTRODUCTION

The twelfth edition of ELECTRICAL WIRING—RESIDENTIAL is based on the
1996 National Electrical Code (NEC)® The NEC® is used as the basic standard for
the layout and construction of residential electrical systems. In this text, thorough expla-
nations are provided of Code requirements as they relate to residential wiring. To gain the
greatest benefit from this text, the student must use the National Electrical Code® on a
continuing basis.

Why Is This Text Different Than Other House Wiring Books?

It is extremely difficult to learn the requirements of the Code by merely reading the
National Electrical Code® Try reading a dictionary from beginning to end. Do you
remember what you read? Probably not. But, look up the definition of a word at the time
you need to know about it, and you will remember its definition. In much the same man-
ner, Residential Wiring does not cover the National Electrical Code® in a boring manner.
Instead, it stresses specific Code requirements at the appropriate time. For example, the
Code requirements for electric clothes dryers are discussed when studying about the elec-
tric clothes dryer hook-up.

This text is unique in that it includes a full set of an actual house plan. The format is
for the student to simultaneously use the text, the plans, and the National Electrical
Code,® taking the learner through a typical house, room by room, circuit by circuit. Also
included are many recommendations that are above and beyond the basic National
Electrical Code® requirements.

The National Electrical Code® (NFPA 70) becomes mandatory only after it has been
adopted by a city, county, state, or other governing body. Until officially adopted, the
NEC® is merely advisory in nature. State and local electrical codes may contain modifi-
cations of the National Electrical Code® to meet local requirements. In most cases, local
codes will adopt certain more stringent regulations than those found in the NEC® For
example, the NEC® recognizes nonmetallic-sheathed cable as an acceptable wiring
method for house wiring. Yet, the city of Chicago and surrounding counties do not permit
nonmetallic-sheathed cable for house wiring. In these areas, all house wiring is done with
electrical metallic tubing (thinwall).

There are also instances where a governing body has legislated action that waives
specific NEC® requirements, feeling that the NEC® was too restrictive on that particular
issue. Such instances are very rare. The Instructor is encouraged to furnish students with

National Electrical Code® and NEC® are registered trademarks of the National Fire Protection Association,
Inc. Quincy, MA 02269.
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any local variations from the NEC® that would affect this residential installation in a spe-
cific locality.

Electrical wiring is a skilled trade. Wiring should not be done by anyone not familiar
with the hazards involved. It is a highly technical skill that requires much training. This
text provides all of the electrical codes and standards information needed to approach
house wiring in a safe manner. That is why the National Electrical Code® defines a
Qualified Person as “one familiar with the construction and operation of the equipment
and the hazards involved.”

Do not work on live circuits! Always de-energize the system before working on
it! There is no compromise when it comes to safety! Many injuries and deaths have
occurred when individuals worked on live equipment. The question is always: “Would
the injury or death have occurred had the power been shut off?” The answer is “No!”

All mandatory safety-related work practices are found in the Federal Regulation
Occupational Safety and Health Act (OSHA), Title 29, Subpart S—Electrical, Sections
1910.331 through 1910.360.

ELECTRICAL WIRING—RESIDENTIAL is the most comprehensive text available any-
where. It covers residential wiring topics from the most advanced National Electrical
Code® standpoint, to the fundamental requirements necessary for someone wanting to learn
the basics. Every code rule is covered by text, illustrations, examples, and wiring diagrams.

Most electrical inspectors across the country are members of the International
Association of Electrical Inspectors. This organization publishes one of the finest techni-
cal bimonthly magazines, devoted entirely to the National Electrical Code® and related
topics. This organization is open to individuals that are not electrical inspectors.
Electrical instructors, vo-tech students, apprentices, electricians, consulting engineers,
contractors, and distributors are encouraged to join the IAEI so they can stay up to date
on all National Electrical Code® issues, changes, and interpretations. An application
form that explains the benefits of membership in the IAEI can be found in the Appendix
of this text.

THE ELECTRICAL TRADE

Electricity is safe when it is handled properly. If electrical installations are made in an
unsafe manner, great potential exists for damage to property as a result of fire. But more
importantly, electrical installations that do not meet the minimum requirements of applic-
able codes and standards can and do result in personal injury and/or death.

Most communities, cities, counties, and states have regulations that adopt by refer-
ence the National Electrical Code® These regulations also specify any exceptions to the
Code to cover local conditions.

Most building codes and standards contain definitions for the various levels of com-
petency of workers in the electrical industry.

Apprentice shall mean a person who is required to be registered as such under Sec-
tion XYZ, who is in compliance with the provisions of this article, and who is working
at the trade in the employment of a registered electrical contractor and is under the direct
supervision of a licensed master electrician, journeyman electrician, or residential
wireman.

Residential Wireman shall mean a person having the necessary qualifications, train-
ing, experience, and technical knowledge to wire for and install electrical apparatus and
equipment for wiring one-, two-, three-, and four-family dwellings. A residential wire-
man is sometimes referred to as a Class B Electrician.
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Journeyman Electrician shall mean a person having the necessary qualifications,
training, experience, and technical knowledge to wire for, install, and repair electrical
apparatus and equipment for light, heat, power and other purposes, in accordance with
standard rules and regulations governing such work.

Master Electrician means a person having the necessary qualifications, training,
experience, and technical knowledge to properly plan, lay out, and supervise the instal-
lation and repair of wiring apparatus and equipment for electric light, heat, power and
other purposes, in accordance with standard codes and regulations governing such work,
such as the National Electrical Code®

Electrical Contractor means any person, firm, copartnership, corporation, associa-
tion, or combination thereof who undertakes or offers to undertake for another the
planning, laying out, supervising and installing, or the making of additions, alterations,
and repairs in the installation of wiring apparatus and equipment for electrical light, heat,
and power.

THE TWELFTH EDITION

Continuing in the tradition of previous editions, this text thoroughly explains how Code
changes affect wiring installations. New and revised illustrations supplement the explana-
tions to ensure that electricians understand the new Code requirements. New photos reflect
the latest wiring materials and components available on the market. Revised review ques-
tions test student understanding of the new content. New tables that summarize Code
requirements offer a quick reference tool for students. Another reference aid is the tables
reprinted directly from the 1996 edition of the National Electrical Code® The extensive
revisions for the twelfth edition make ELECTRICAL WIRING—RESIDENTIAL the most
up-to-date and well-organized guide to house wiring.

A modern residence blueprint serves as the basis for the wiring schematics, cable
layouts, and discussions provided in the text. Additional plans may be obtained by con-
tacting Delmar Publishers Inc. Each unit dealing with a specific type of wiring is refer-
enced to the appropriate plan sheet. All wiring systems are described in detail—lighting,
appliance, heating, service entrance, and so on.

The house selected for this edition is scaled for current construction practices and
costs. Note, however, that the wiring, lighting fixtures, appliances, number of outlets,
number of circuits, and track lighting are not all commonly found in a home of this size.
The wiring may incorporate more features than are absolutely necessary. This was done
to present as many features and Code issues as possible to give the learner more experi-
ence in wiring a residence.

This text does not focus on such basic skills as drilling a hole, splicing two wires
together, stripping insulations from wire, or fishing a wire through walls. These skills are
certainly necessary for good workmanship, but it is assumed that the learner (electrical
apprentice or journeyman electrician) has mastered the mechanical skills on the job.

This text does focus on the technical skills required to perform electrical installations.
It covers such topics as calculating conductor sizes, calculating voltage drop,
determining appliance circuit requirements, sizing service, connecting electric appliances,
grounding service and equipment, installing recessed fixtures, and much more. These are
critical skills that can make the difference between an installation that “‘meets Code’” and
one that does not. The electrician must understand the reasons for following Code regula-
tions to achieve an installation that is essentially free from hazard to life and property.
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CHANGES FOR THIS EDITION

The following list highlights changes and additions made in this twelfth edition.

Many of these changes and additions are the result of suggestions sent to the author by
users of the text.

An introduction to the new National Fire Protection Association Residential Electrical
Maintenance Code for One- and Two-Family Dwellings.

More suggestions for wiring homes for the physically handicapped.

A new comprehensive table of Conversion Multipliers for changing customary
English terms to metrics.

Current information on the background impact of Nationally Recognized Testing
Agencies (NRTL).

An introduction to the harmonizing of standards between Underwriters Laboratories
(UL) and the Canadian Standards Association (CSA).

Building Code regulations now in effect that are often overlooked, and that can pre-
vent the spread of fire in residential construction. New materials are discussed and
illustrated for use in preventing the spread of fire. Watch out when installing electrical
wall boxes in the same partition between a residential garage and habitable rooms!

New illustrations of electrical boxes for use in remodel work.

New illustrations of electrical boxes for use with metal framing members.
Clarification on where switch control of stairway lighting is required.
The hazards of burying old knob-and-tube wiring in insulation.

A new, simplified chart showing how to match conductor insulation temperature rat-
ings and the terminals to which they will be connected, and “Meet Code.”

An update on the conductor temperature ratings in nonmetallic-sheathed cable and
armored cable, and where they are permitted and/or required to be used.

More wiring diagrams for three-way switches. Some are not so common.
What a GFCI does? What a GFCI does not do?
An update on the installation and wiring of recessed fixtures.

A total rewrite and much additional text on incandescent and fluorescent lighting,
dimming, color rendition, high-efficiency electronic ballasts, energy-saving lamps,
lamp life and light output as affected by supply voltage.

How many outlets are permitted on one branch-circuit?
The latest technology for submersible water pumps and how to wire them.

A complete rewrite on water heaters, required temperature settings, Shriner Burn
Institute data on hot water hazards, corrosion problems, how pressure/temperature
safety valves function, different types of electrical hook-ups showing utility-controlled
and customer-controlled installations, time-of-use metering, and how to determine
how long it will take an electric water heater to recover.

New diagrams for the heat controls used on electric ranges.
Latest wiring diagrams for bathroom heat/vent/light fixtures.

Cord and plug connections not permitted for furnaces.
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o Understanding the terms found on the nameplates of air conditioners and heat
pumps, and what these mean to the electrician. Examples and calculations provided.

« Photos, diagrams, and the latest technical information on digital satellite systems
that use a small 18-inch antenna instead of the large “dishes.”

o The latest on telephone Standard Network Interfaces, the latest on color coding of
telephone conductors and cables.

» How many telephones can be connected to one line before running into problems.
» “Cross-talk” on telephone lines, and how this nuisance can be avoided.

» Latest National Fire Protection Association Code requirements for household fire
warning equipment. This is the new NFPA Standard 72.

o A complete rewrite of the low-voltage, remote-control systems chapter to show how
the new relays, switches, master controls, and sequencers are used. New color cod-
ing of the cables and conductors is presented. Many new photos and diagrams.

» A complete rewrite and reorganization on the subject of grounding and bonding of
service equipment for more clarity in the understanding of the subject. Many new
diagrams.

» Added coverage on how to figure the cost of using electricity.

o A set of blank floor plans to use upon completion of studying the text. Students can
design their own electrical layout.

o Extra blank forms for use in the proper sizing of residential services.

e A Membership Application Form for joining the International Association of
Electrical Inspectors organization has been included in the Appendix of this text.
Students and instructors are encouraged to become members of this educational
association.

NEW CODE REQUIREMENTS FOR THE 1996 NATIONAL ELECTRICAL CODE®

Throughout this new edition of Electrical Wiring—Residential, 1996 Code
changes are identified by the symbol » before the change and < after the change.

» New rule for “rounding up” overcurrent ratings for motor branch-circuits.

e New requirements for grounding electric ranges, dryers, ovens, and counter-
mounted cooktops. Grounding to the neutral no longer permitted for new work.

* New and simplified requirements for locating receptacles on islands and peninsulas.

e New requirements that all 125-volt, single-phase 15- and 20-ampere receptacles in
kitchens that serve countertops must be GFCI protected.

* New Code requirements for control circuit wiring.
* New rules that only service-drop conductors be supported by a service mast.

e New rule prohibiting the use of sheet metal screws for terminating equipment
grounding conductors.

» Clarification on where to attach equipment grounding conductors and neutrals in a
panel.

* New rules for reducing service neutrals on residences.
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New rules for waiving the bonding requirements of swimming pool double-insulated
pump motors.

New requirements for boxes that will support ceiling fans.

New requiremént that bathroom receptacles must be connected to a separate
20-ampere branch-circuit.

New rules for outdoor receptacles.
Clarification on terminating conductors based upon the conductor’s insulation rating.
New rules for supporting, securing, and protecting cables through framing members.

New rules on using 3-wire and 4-wire cord- and plug-connection for electric ranges
and dryers.

New strict rules for temporary wiring.
New requirements for hooking up the receptacle for refrigerators.
New rules for low-voltage landscape lighting.

New rules on when to install GFCI receptacles for appliances located in a dedicated
space.

Many changes have been made to Code section references because of editorial rear-
ranging of numerous Code sections. These editorial changes have been picked up in
this revision.

SUPPLEMENTS

An Instructor’s Guide is available and consists of the following information: selected

text references, answers to unit-end reviews, a final examination covering the content of the
entire text, blank service-entrance calculation form, and answers to the final examination.
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