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. INTRODUCTION

This sixth Canadian edition of Electrical Wiring: Residential is based on the 2012 edi-
tion of the Canadian Electrical Code, Part I: The Safety Standard for Electrical
Installations (CEC). The authors welcome readers’ suggestions for improvements that
may be included in subsequent editions of the text.

Electrical Wiring: Residential provides an entry-level text that is both comprehensive
and readable. It is suitable for colleges, technical institutes, vocational/technical schools,
and electrical programs in high schools, and for readers who want to study the subject on
their own.

The wiring in the home illustrated in Electrical Wiring: Residential incorporates more
features than are absolutely necessary, to present as many CEC rules as possible so
that students are provided with the information they need to complete a safe installation.
The text focuses on the technical skills required to perform electrical installations.
Topics include calculating conductor sizes, calculating voltage drop, sizing services,
connecting electrical appliances, grounding and bonding equipment, and installing
recessed fixtures. These are critical skills that can make the difference between an
installation that “meets code” and one that is exceptional. The electrician must under-
stand that the reason for following CEC regulations is to achieve an installation that is
essentially free from hazard to life and property.

The CEC is the basic standard for the layout and construction of all electrical systems
in Canada. However, some provincial and local codes may contain specific amendments
that must be adhered to in all electrical wiring installations in those jurisdictions.

The authors encourage the reader to develop a detailed knowledge of the layout
and content of the CEC, which must be used in conjunction with a comprehensive
study of Electrical Wiring: Residential to derive the greatest benefit from the text.

The CEC is divided into numbered sections, each covering a main division. These
sections are further divided into numbered rules, subrules, paragraphs, and subpara-
graphs. All references in the text are to the section or to the section rule number. For
example, Rule 8-200(1)(a)(i) refers to Section 8, Rule 8-200, Subrule 1, Paragraph a,
Subparagraph i. This explanation should assist the student in locating CEC references
in the text.

Thorough explanations are provided throughout, as the text guides the student
through the steps necessary to become proficient in the techniques and CEC requirements
described.
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PREFACE

Electrical Wiring: Residential will prove a valuable resource to instructors and students alike.
It includes 2012 Canadian Electrical Code, Part I (CEC) references and wiring tech-
niques. Each chapter is a complete lesson ending with review questions to summarize the
material covered. The chapters are sequenced to introduce the student to basic principles
and wiring practices, and progress to more advanced areas of residential electrical wiring.

This text assumes no prior knowledge of residential electrical wiring, but the
student will need a reasonable level of mechanical aptitude and skill to be successful
in the practical application of the techniques discussed.

The text guides the student through the working drawings for a residential electrical
installation, the proper wiring of receptacles, and the minimum required number of
lighting and power branch circuits. Voltage drop calculations based on the CEC are
shown. Grounding, bonding, and ground-fault circuit interrupters are discussed
together with the lighting branch circuits for all of the rooms in the house, as well as for
the garage, workshop, and exterior. Special-purpose outlets for ranges, dryers, air con-
ditioners, water heaters, and water pumps are explained, as are electric, oil, and gas
heating systems; heat detectors, smoke detectors, and smoke alarms; swimming pools,
spas, and hot tubs; and low-voltage-signal systems, security systems, and low-voltage
remote-control systems, or Smart House Wiring.

The text details service-entrance equipment and the installation of the electrical
service, including the calculations for the sizing of the service-entrance conductors,
conduit, switch, grounding conductor, and panel.

FEATURES

* New! All text material fully updated to reference the 2012 edition of the CEC.

» New! Standby Power Systems (Unit 25).

* New! Residential Utility-Interactive Solar Photovoltaic Systems (Unit 26).

* New Appendix! EIA/TIA 568A & 568B for wire colour pin layout (Appendix C).
» Updated data network and home automation sections.

» Metrification is in keeping with the 2012 CEC.

* Descriptions of Canadian practice and applications.

* Numerous diagrams of CSA-approved equipment found in everyday wiring installations.
» Step-by-step explanations of wiring a typical residence.

» Complete set of blueprints to help apply CEC theory to real working drawings.

SUPPLEMENTS
@ nQTCI About NETA

mumsemmamime® The Nelson Education Teaching Advantage (NETA) program delivers research-based
instructor resources that promote student engagement and higher-order thinking to
enable the success of Canadian students and educators.
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Instructors today face many challenges. Resources are limited, time is scarce, and
a new kind of student has emerged: one who is juggling school with work, has gaps in
his or her basic knowledge, and is immersed in technology in a way that has led to a
completely new style of learning. In response, Nelson Education has gathered a group
of dedicated instructors to advise us on the creation of richer and more flexible ancil-
laries that respond to the needs of today’s teaching environments.

The members of our editorial advisory board have experience across a variety of dis-
ciplines and are recognized for their commitment to teaching. They include:

Norman Althouse, Haskayne School of Business, University of Calgary

Brenda Chant-Smith, Department of Psychology, Trent University

Scott Follows, Manning School of Business Administration, Acadia University

Jon Houseman, Department of Biology, University of Ottawa

Glen Loppnow, Department of Chemistry, University of Alberta

Tanya Noel, Department of Biology, York University

Gary Poole, Senior Scholar, Centre for Health Education Scholarship, and Associate
Director, School of Population and Public Health, University of British Columbia

Dan Pratt, Department of Educational Studies, University of British Columbia

Mercedes Rowinsky-Geurts, Department of Languages and Literatures, Wilfrid
Laurier University

David DiBattista, Department of Psychology, Brock University

Roger Fisher, Ph.D.

In consultation with the editorial advisory board, Nelson Education has completely
rethought the structure, approaches, and formats of our key textbook ancillaries. We've
also increased our investment in editorial support for our ancillary authors. The result
is the Nelson Education Teaching Advantage.

NETA Assessment is the aspect of the program that relates to testing materials.
Under NETA Assessment, Nelson’s authors create multiple-choice questions that reflect
research-based best practices for constructing effective questions and testing not just
recall but also higher-order thinking. Our guidelines were developed by David DiBattista,
a 3M National Teaching Fellow whose recent research as a professor of psychology at
Brock University has focused on multiple-choice testing. All Test Bank authors receive
training at workshops conducted by Professor DiBattista, as do the copyeditors assigned
to each Test Bank. A copy of Multiple Choice Tests: Getting Beyond Remembering,
| Professor DiBattista’s guide to writing effective tests, is included with every Nelson Test

Bank/Computerized Test Bank package.

Instructor Ancillaries

INSTRUCTOR’S RESOURCE CD: Key instructor ancillaries are provided on the
Instructor’s Resource CD (ISBN 978-0-17-662884-0), giving instructors the ultimate
tool for customizing lectures and presentations. The IRCD includes:

 Instructor’s Manual: The Instructor’s Manual was written by Sandy Gerolimon,
Humber College. It is organized according to the textbook chapters and includes
solutions to all in-text review questions.

* NETA Assessment: The Test Bank was written by Anthony Fazzari, Mohawk College.
It includes over 280 multiple-choice questions written according to NETA guide-
lines for effective construction and development of higher-order questions. Also
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included are approximately 125 true/false questions, approximately 125 essay-type
questions, a number of short-answer and completion questions. Test Bank files are
provided in Word format for easy editing and in PDF format for convenient printing
whatever your system.

The Computerized Test Bank by ExamView® includes all the questions from
the Test Bank. The easy-to-use ExamView software is compatible with Microsoft
Windows and Mac. Create tests by selecting questions from the question bank, mod-
ifying these questions as desired, and adding new questions you write yourself. You
can administer quizzes online and export tests to WebCT, Blackboard, and other
formats.

PowerPoint® Presentations: Microsoft® PowerPoint® lecture slides for every chap-
ter have been created by Sandy Gerolimon, Humber College. There is an average of
20-30 slides per chapter, many featuring key figures from Electrical Wiring:
Residential, Sixth Canadian Edition. Principles of clear design and engaging content
have been incorporated throughout.

Image Library: This resource consists of digital copies of figures, short tables, and
photographs used in the book. Instructors may use these jpegs to create their own
PowerPoint presentations.

DayOne: DayOne—Prof InClass is a PowerPoint presentation that you can customize
to orient your students to the class and their text at the beginning of the course.

BLUEPRINTS: Revised and updated by Miroslav Lukic, Mohawk College, and tech-
nically checked by the text authors, the set of blueprints (ISBN 978-0-17-665356-9)
accompanies this textbook.
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UNIT 1

General Information for

Electrical Installations

OBJECTIVES

After studying this unit, the student will be able to
+ identify the purpose of codes and standards related to electrical systems
» describe the importance of the Canadian Electrical Code (CEC)

» describe the layout of the CEC
+ identify approved equipment

* explain the importance of electrical inspection
« identify links to websites relating to the electrical trade
« list the agencies that are responsible for establishing electrical standards and ensuring

that materials meet the standards

» discuss systems of measurement used on construction drawings

+ begin to refer to the CEC

SAFETY

Electrical installations are required to be safe.
Because of the ever-present danger of electric shock
and/or fire due to the failure of an electrical system,
electricians and electrical contractors must use
approved materials and methods. Therefore, codes
and standards are used to ensure that the exposure
of users, installers, and maintenance personnel to
the shock and fire hazards associated with electrical
systems is minimized.

CODES AND STANDARDS

Codes are standards that deal with life safety issues
and are enforceable by law. Residential electrical
wiring systems are required to meet building codes
and electrical codes. Building codes dictate such

NEL

things as which rooms and areas (such as stair-
wells) require luminaires (lighting fixtures) and
how they are to be controlled. Electrical codes deal
with the actual installation of the luminaires and
controls. Municipal, provincial, and federal gov-
ernments can pass laws regarding the installation of
electrical equipment.

The Canadian Electrical Code (CEC) is the
standard that governs electrical work across Canada.
It is adopted by the provinces, is enacted in legis-
lation, and is the basis of a bill (with provincial
amendments) that passes through the provincial
legislature, becoming law and enforced by munic-
ipalities or provincial electrical safety authorities.

The first edition of the CEC was published in
1927. It is revised every three years to take into

1



2 Unit 1 General Information for Electrical Installations

account changes in equipment, wiring systems, and
new technologies. The standards steering committee
for the CEC solicits comments and proposals from
the electrical industry and others interested in elec-
trical safety. Information about the structure and oper-
ation of the committee, how to propose an
amendment, or how to request an interpretation can be
found in CEC Appendix C. Copies of the CEC can
be ordered from the Canadian Standards Association.

The object of the CEC is to provide a minimum
safety standard for the installation and maintenance
of electrical systems to safeguard people from the
hazards of fire and electric shock arising from the
use of electrical energy. Meeting the requirements
of the CEC ensures an essentially safe installation.

The CEC does not take economics into consid-
eration. For instance, a house built using wood
tframe construction may be wired with non-metallic-
sheathed cable or armoured cable. Both meet the
requirement of the CEC, but one costs several times
as much as the other.

The CEC is divided up into evenly numbered
sections, each one covering a main division of the
work. Each section has a title that describes what
will be covered by the section. Ten general sections
cover basic installation requirements (see Table 1-1).
The rest are amending or supplementary sections,
which change the general requirements of the code
for specific types of equipment or installation (see
Table 1-2). Rules in one amending section cannot be
applied to another amending section unless they
specifically state that they may.

The sections are divided into subsections and
numbered rules with captions. For example, Section
12-500 contains non-metallic-sheathed cable rules,
where 12 identifies the section, 500 is the rule
number in the section. 12-500 is the first rule of

SECTION TITLE
0 Object, scope, and definitions
2 General rules
4 Conductors
6 Services and service equipment
8 Circuit loading and demand factors
10 Grounding and bonding
12 Wiring methods
14 Protection and control
16 Class 1 and Class 2 circuits
26 Instailation of electrical equipment
Table 1-1 General sections of the CEC. (Courtesy of CSA Group)
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the subsection that deals with the installation of
non-metallic-sheathed cable. The 12-500 series of
rules (12-500 to 12-526) describe how non-
metallic-sheathed cables are to be installed.

Tables

At the end of the main body of the CEC are a
number of tables. An index of the tables precedes
the tables. At the top of each table is a list of rules
that refer you to the table, which can be helpful in
looking up rules. The tables cover such things as
the ampacity of wires, number of conductors in
raceways, number of conductors in boxes, and depth
of cover over conductors installed underground.

Diagrams

After the tables are a number of diagrams. An index
of the diagrams precedes the diagrams. Some of
the diagrams included show pin configurations for
both locking and non-locking receptacles.

Appendices

Of the 11 appendices, the two important to you are
Appendix B and Appendix D. Appendix B is Notes on
Rules. These notes give supplemental information
about rules. Whenever a rule refers to Appendix B,
you must read that information. Appendix B uses
the same numbering system as the main body of the
CEC. Simply look up in Appendix B the rule number
from the main body of the CEC.

EXAMPLE:

Rule 6-112 Support for the attachment of over-
head supply or consumer’s service conductors
(See Appendix B).

SECTION | TITLE

Motors and generators

Installation of lighting equipment

Fire alarm systems and fire pumps
Fixed electric space and surface heating

systems
Pools, tubs, and spas
Temporary wiring

a8 RE8B

Table 1-2 Some supplementary or amending sections
of the CEC. iCaurzsy of CSA Group)
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6—112 in Appendix B outlines the components
that may be used for an overhead mast service
and methods of installation.

Appendix D is tabulated general information. This
textbook will refer to several tables, including Tables
D1, D3, and D6.

Table of Contents and Index

The CEC provides an index and a table of contents
to help you look up information. If you know
exactly what you want look up, use the index in the
back of the book. If you just have a general idea of
what you are looking for, use the table of contents
at the front of the book.

Code Terminology
Shall: indicates a mandatory requirement.
* shall be: compulsory, mandatory, a
requirement
* shall have: the same as shall be

* shall not: not permitted, not allowed, must
not be

* shall be permitted: is acceptable, is allowed,
is permitted

May: indicates permitted or allowable

Acceptable: means acceptable to the authority
having jurisdiction

Notwithstanding: in spite of

Practicable: feasible or possible

This text is designed to be used in conjunction
with the CEC. Throughout the text, reference will be
made to the rules, tables, and appendices found in
the 22nd (2012) edition of the CEC. To distinguish
these from the tables and appendices in this text,
all references to them are in italics.

Standards

Standards describe minimum performance levels
for equipment and systems. The Canadian
Electrical Code, Part II, found in Appendix A con-
sists of safety standards for electrical equipment

Unit 1 General Information for Electrical Installations 3

and is a mandatory part of the CEC. Another stan-
dard used in the electrical field is TIA-570A, which
is used when installing communication cabling.

PERSONNEL SAFETY
When it comes to personnel safety, you have to
make it your responsibility.

When you ask most people if they work safely,
they answer that they do. The question is, do you
know enough about safe working practices to work
safely? See if you can answer the five questions below.
If you can’t, you require additional safety training.

» What are the proper procedures for locking
out and tagging electrical equipment?
* When is a worker required to wear a safety

belt or safety harness on a construction
site?

* What are five pieces of personal protective
equipment?

» What are the eight classes of products iden-
tified by WHMIS symbols?

* What precautions should be taken when
using ladders for electrical installations?

You can obtain information about safe working
practices from the provincial government, con-
struction safety associations, and construction
unions.

TESTING AND ACCREDITATION

All electrical equipment sold or installed in Canada
is required to be approved for its intended use.
Approved equipment has met specified safety stan-
dards of federal and provincial governments.
Currently several companies are accredited to
approve electrical equipment. Equipment that has
been approved by an approval agency will have
an identifying label such as CSA or ULC. If you
are unsure about an approval label other than CSA
or ULC, look for C at the eight o’clock position on
the label. For equipment that has not been
approved, arrangements may be made for field
approval by contacting the inspection authority in
your province. This authority should also be able
to provide you with a complete list of companies
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that can approve electrical equipment in your
province.

Standards Council of Canada (SCC)

The objective of the Standards Council of Canada
(SCC) is to promote efficient and effective voluntary
standardization as a means of advancing the national
economy and benefiting the health, safety, and wel-
fare of the public.

|Courtesy of the Standards Council

of Canada)

The SCC is mandated with overseeing the
National Standards System, which is a network of
organizations and individuals involved in voluntary
standards development, promotion, and implemen-
tation in Canada. The SCC also accredits organizations
engaged in standards development, certification,
testing and quality management, and environmental
registration.

The SCC is also involved in various interna-
tional activities to promote standardization and to
highlight its value and benefit to global trade.
Among other endeavours, the council assists
International Trade Canada in formulating
Canadian policy positions on standards issues in
the World Trade Organization, the key body where
international trade rules are established. The
council also manages Canadian participation in
the standards development initiatives of the
International Organization for Standardization and
the International Electrotechnical Commission,
two of the world's largest voluntary standardization
bodies.

For more information, contact

Standards Council of Canada
270 Albert Street, Suite 200
Ottawa, ON KI1P 6N7

Tel: 613-238-3222
WWW.scc.ca
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Canadian Standards
Association (CSA)
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CANADIAN STANDARDS
ASSOCIATION
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|

(Courtesy of CSA Group)

The Canadian Standards Association is a not-for-
profit organization that was formed in 1919 to
develop standards for a variety of organizations
and disciplines. These standards are the corner-
stone for product certification, and are subse-
quently approved by provincial and federal
government authorities to become recognized
throughout the country.

Thousands of manufacturers work directly with
the CSA on the certification process, and the CSA
mark appears on many new products every year.

For more information, contact

Canadian Standards Association

Customer Service Department

5060 Spectrum Way, Suite 100

Mississauga, Ontario L4W SN6

Tel: 416-747-4000
1-800-463-6727

Fax: 416-747-2473

WWW.csa.ca

Underwriters Laboratories
of Canada (ULC)

|Caurtesy of the Underwriters
Laboratories of Canada)

Underwriters Laboratories of Canada is a not-for-
profit organization that maintains and operates lab-
oratories and the certification service for testing
and classification of devices, constructions, mate-
rials, and systems to determine their relation to life,
fire, and property hazards.
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ULC also publishes standards, specifications,
and classifications for products having a bearing
on fire, accident, or property hazards.

For more information, contact

Underwriters Laboratories of Canada
7 Underwriters Rd.

Toronto, ON

MIR 3A9

Tel: 1-866-937-3852 or 416-757-3611
Fax: 416-757-8727

www.ulc.ca

E-mail: customerservice @ulc.ca

ELECTRICAL INSPECTION
The CEC requires that a permit be obtained for the
inspection of all work with respect to the installa-
tion, alteration, or repair of electrical equipment. It
is the responsibility of the electrical contractor or
person doing the work to obtain the permit. When
the installation has passed inspection, the inspec-
tion authority will issue a connection permit (also
called authorization for connection or current
permit) to the supply authority. The supply authority
will then make connection to the installation.
Since local codes vary, the electrician should also
check with the local inspection authority that enforces
the CEC. Electrical utility companies can supply addi-
tional information on local regulations. The electrician
should never assume that the CEC is the recognized

PROPERTY SIUNIT SYMBOL
Length Metre m
Area Square metre m?
Volume Cubic metre m?
Time Second s
Speed (velocity) Metre/second m/s
Acceleration Metres/second/second m/s?
Temperature Degrees celsius ‘C
Force Newton N
Energy Joule J
Work Joule J
Power Watt w
Mass Kilogram kg
Weight Kilogram kg
Pressure Pascal Pa
Flow Litres/minute L/m
Electric charge Coulomb c
Electric current Ampere A
Electric potential

difference Volt V
Luminous flux Lumen Im
llluminance Lux Ix

Table 1-3 Metric units of measure.
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standard everywhere. Any city or province may adopt
electrical installation and licensing laws. In many
cases these laws are more stringent than the CEC.

UNITS OF MEASURE

Two common systems of measurement are used in
Canada: the International System of Units (abbre-
viated SI from its French name: Systéme interna-
tional d'unités), or metric, and the American standard
unit (ASU), which uses inches and pounds. Although
SI is the official system of measurement in Canada,
the ASU system is widely used. Refer to Tables 1-3
to 1-5.

Length

The basic SI unit of measure for length is the metre.
The SI system has a base of 10 (the next larger unit
is 10 times the size of the smaller unit) and uses
prefixes to identify the different units of length.

PREFIX VALUE
Mega (M) 1 000 000
Kilo 1000
Hecto 100

Deka (deca) 10

Base unit (metre) 1

Deci 0.1

Centi (c) 0.01

Milli (m) 0.001
Micro (p) 0.000 001
Nano (n) 0.000 000 001

Table 1-4  SI prefixes.

Construction drawings normally give SI dimen-
sions in millimetres or metres to prevent confusion.

The ASU commonly uses inches, feet, yards,
rods, and miles to measure length.

UNIT VALUE

Inch V36 yard

Foot 12 inches

Yard 3 feet

Rod 5'; yards, 16" feet

Mile 320 rods, 1760 yards, 5280 feet

Table 1-5 ASU units.

Construction drawings may use feet ("), inches
("), and fractions of an inch as units of measure. A
standard steel tape measure that uses ASU units
is divided into feet, inches, and fractions of an
inch. The first 12 inches of the tape normally has
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Fig. 1-1 Reading tape measure divisions.

divisions of /32 of an inch. The remainder of the
tape is divided into 16ths of an inch. Fig. 1-1 shows
how to read a tape measure using ASU units. An
architect’s scale is used for working with con-
struction drawings that use ASU units. Scales are
covered in Unit 2. Table 1-6 gives useful conver-
sions from ASU to metric units.

Raceways such as rigid conduit and electrical
metallic tubing (EMT) are designated by trade sizes.
This is because the actual inside diameter of a con-
duit or tubing is not its stated size. For example, 2"
(trade size) rigid steel conduit has an inside diameter
of 0.632 inches, /2" EMT has an internal diameter
of 0.622 inches, and '/2” ENT (non-metallic tubing)

NEL

has an internal diameter of 0.560 inches. All are con-
sidered to be /2" (or 16 mm) trade size.

The 2012 CEC designates raceways in metric
units only: The actual size of the raceway has not
changed, only the fact that metric units of measure
are used to designate the trade size of the raceway.
Table 1-7 lists the equivalent metric and American
designator units.

Outlet boxes are still referenced in inches.
The volume of the boxes is given in both cubic
inches and mL (cc).

American wire gauge sizes (AWG) are still
used in the 2012 CEC. Metric wire sizes are not
identical to AWG sizes. Standard metric sizes
generally fall between American wire gauge sizes.
Table 1-8 gives standard AWG sizes and their cir-
cular mil area and metric wire sizes and their equiv-
alent circular mil size.

METRIC DESIGNATOR AMERICAN DESIGNATOR
12 s
16 s
21 34
27 1
35 1
41 12
53 2
63 22
78 3
91 32

103 4
129 5
1585 6

Table 1-7 Metric and American designators for common
trade sizes of raceways.

MULTIPLICATION FACTOR
PROPERTY ASU UNIT FOR CONVERSION TO Sl SI UNIT
Length Inch x25.4 Millimetre
Foot x 304.8 Millimetre
Yard x914.4 Millimetre
Rod x 5.0292 Metre
Furlong x 20117 Metre
Mile x 1.809347 Kilometre
Area Sq. in. % 645.16 Sg. mm
Sq. ft. x 92903 Sq. mm
Sq. yd. x 0.8354 Sq. m
Volume Cu. In. x 16.38 ccormbL
Cu. ft. x 0.02832 Cubic metres
Cu. yd. x 0.7646 Cubic metres
Liguid volume Fl. oz x29.6 Millilitres
Gallons % 3.78 Litres

Table 1-6 Converting ASU to SI, or metric, units.
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CIRCULAR MILS OR METRIC
AMERICAN WIRE EQUIVALENT WIRE SIZE
SIZE AWG CIRCULAR MILS mm?
937 0.50
20 1020
18 1620
1974 1.0
16 2580
2960 1.5
14 4110
4934 25
12 6530
7894 4.0
10 10380
11840 6.0
8 16510
19740 10.0
6 26240
31580 16
4 41740
49340 25
3 52620
2 66360
69070
1 83690
98680 50
1/0 105600
2/0 133100
1 138100 70
3/0 167800
187500 95
4/0 211600

Table 1-8 Standard AWG wire sizes and metric (mm?).

|Courtesy of Thomas & Betts Incorporated)

1. What is the difference between a code and a standard?

2. What code sets standards for the installation of electrical equipment?

3. What authority enforces the standards set by the CEC?

4. Does the CEC provide minimum or maximum standards?

5. What do the letters CSA signify?
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6.

10.

11.

Does compliance with the CEC always result in an electrical installation that is
adequate, safe, and efficient? Why?

. What are the general sections of the CEC?

. Is the section of the CEC that deals with wiring methods a general section or an

amending section?

. When is an electrical installation required to be inspected?

What should you look for when trying to determine if a piece of electrical equip-
ment is approved for use in Canada?

If a piece of electrical equipment is not approved for use in Canada, what should
you do?

. When the words “shall be™ appear in a code reference, they mean that it (must) (may)
(does not have to) be done. (Underline the correct answer.)




UNIT 2

Drawings and Specifications

OBJECTIVES

After studying this unit, the student will be able to
* identify the line types used in construction drawings

* visualize building views
* read common scales

*» explain how electrical wiring information is conveyed to the electrician at the construc-

tion or installation site

* demonstrate how the specifications are used in estimating cost and in making electrical

installations

* identify and explain the application of the various common line types used on drawings

* explain why symbols and notations are used on electrical drawings

* identify symbols used on architectural, mechanical, and electrical drawings

TECHNICAL DRAWINGS

Technical drawings are used to show the size and
shape of an object to the viewer. The basic elements
of a technical drawing are lines, symbols, dimen-
sions, and notations.

Lines

The lines that make up working drawings are some-
times referred to as the alphabet of lines since each
one is unique and conveys a special meaning.
Fig. 2—1 shows types of lines commonly found on
construction drawings.

Visible Lines Visible lines are continuous lines that
show the visible edges of an object. An example of
a visible line would be the outside edge of the foun-
dation wall shown on sheet 3 of the drawings
provided with this book.
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Hidden Lines Hidden lines are short dashed lines.
They show the edges of an object that are hidden
from view by surfaces that are closer to the viewer.
Hidden lines are used to show the building foot-
ings on sheet 1 of the drawing set.

Centre Lines Centre lines show the centre of an
arc or circle. They consist of alternating long and
short dashes. The exact centre of a circle is nor-
mally indicated by the crossing of two short
dashes.

Section Lines A sectional view (also called a sec-
tion or cross-section) is a view of a building in which
we imagine a portion of the building has been sliced
off to reveal the internal construction details. Section
lines show the solid parts (e.g., walls, floors) of the

9
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Border Line Centre Line

Visible Object Line Cutting Plane Line

I

Section Lines

I Extension Lines ——|
Construction Line 1 I

Hidden Line

T e —a e
Projection Line ~—Dimension Lines—" |

Phantom Line Arrowheads
Ar— A—— k '|L
Break Line | Ticks
. |
Contour Line Leader
Fig. 2-1 Line types.

portion of the building shown in the sectional view.
Section lines are also called cross-hatching. Different
types of cross-hatching represent different types of
materials used in the building. In Section A-A on
sheet 4 of the drawings, different types of cross-
hatching indicate concrete used for the basement
floor, cement blocks used for the basement walls,
and bricks used on the outside walls above grade.

Cutting Plane Lines Cutting plane lines consist of
a long dash followed by two short dashes. They
indicate where a building is being sectioned. The
basement floor plan, sheet 4 of the drawings, uses a
cutting plane line to show where the building is
being sectioned. The arrows at each end of a cutting
plane line indicate the direction you are looking
when you are viewing the section. Refer to Section
A-A on sheet 4.

Phantom Lines Phantom lines are short dashed
lines (about 1.5 times as long as the dashes for
hidden lines) that show an alternative position.
Fig. 5-11 on page 80 shows two single-pole,
double-throw (SPDT) switches. Closed switch posi-
tions are shown by a phantom line.
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Break Lines Break lines are used where only a
part of the drawing needs to be shown. For example,
a break line might be used in a connection diagram
where it is necessary to show the termination of
both ends of a cable but not the cable in between.

-
8 | 1

£

Contour Lines Contour lines are used on plot plans
to show changes in elevation. Dashed contour lines
indicate existing grades, and solid contour lines
show finished grades.

Lineweight refers to the thickness of a line used
on a drawing. Object lines have a heavier lineweight
(are thicker) than other lines such as hidden lines
or dimension lines. Items of other trades that appear
on electrical drawings normally have a lighter
weight (are thinner) than the electrical items.

VISUALIZING A BUILDING
Pictorial drawings are three-dimensional drawings
that show two or more surfaces of an object in one
view. Three types of pictorial drawings are shown
in Fig. 2-2. Fig. 2-3 shows a pictorial drawing of
the wiring of a house.

Unfortunately, pictorial drawings distort shapes
such as angles, arcs, and circles and are hard to
dimension. Since it is important that construction

R

\@?7 g

Perspective

Isometric

Oblique

Fig. 2-2 Pictorial drawings.
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Fig. 2-3 Three-dimensional view of house wiring.

drawings show the exact size and shape of an object,
most construction drawings are two-dimensional
drawings.

Construction drawings are made using ortho-
graphic projection, which shows the true size and
shape of an object through a number of views. Each
view shows two dimensions, To visualize an object
(such as a house), two or more views will often be
required. Fig. 2—4 shows an example of orthographic
projection.

Top

Front
Left
Side

Top View

/
Left Side Front View Right Side
View View

Fig. 2-4 Orthographic projection.
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Construction drawings use the terms plan for a
top view and elevation for a side view.

BUILDING VIEWS

g2 -
/IEWS

A plan view shows how a building will look when
viewed from directly above it. Plan views are used
to show lengths and widths. Floor plans and site
plans are examples of plan views. Fig. 2-5 shows
the first-floor plan of the house used in this book.

An elevation is a side view of the building.
Elevations are used to show heights and widths.
Elevations are commonly used to show outside
walls, interior walls, and the placement of such
things as cupboards and equipment. Fig. 2-6 shows
the front (south) elevation of the house.

A sectional view of the building (after a portion of
the building has been removed) is used to show the
interior construction details of the building.
Fig. 2-7 shows a portion of Section A-A on drawing
sheet 4.

SYMBOLS AND NOTATIONS

Graphical symbols are used on construction draw-
ings to represent equipment and components.
Symbols are used to show the size, location, and
ratings of equipment. The Standards Council of
Canada (SCC) approves national standards for
symbols used on construction drawings and
accredits organizations such as the CSA that are
engaged in standards development. CSA standard
799.3-1979 (1989) includes symbols for electrical
drawings. They relate closely to the symbols pub-
lished by the Institute of Electrical and Electronics
Engineers (IEEE) and the American National
Standards Institute (ANSI), which publish sim-
ilar standards for the United States. Fig. 2-8 is a
portion of a floor plan showing the symbols for
two three-way switches controlling an overhead
light and two duplex receptacles. Fig. 2-9 (A-E)
shows symbols commonly used on construction
drawings.
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Fig.2-5 Floor plan.

Fig. 2-6

Fig. 2-7 Typical wall section.

Fig. 2-8 Electrical symbols on a floor plan.
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ELEVATION

SECTION

BRICK

With note telling kind of brick

{Camman,lace, etc)

sy
+
]
S5
N

-

Commaon
Face
S GAII BB I RIIIY

Firebrick

Same as plan views

CONCRETE
BLOCK

. [

‘gff /’,_-"/’,’-y.-’ 7 1

SR T AR

45

STONE

Cut stone Rubble

T Y

Cut stone Rubble

pAINSENERSNEANT
Cast stone
{Concrete )

Rubble or
(Concrete) cut stone

=
Cost stone

GLASS

|

Small scale

Large scale

PLASTER

3 3
- J
Stud, lath, and plaster
Solid plaster wall

wooD

Floor areas are left blank,
note indicares kind ot
wood used

Ends of boords
excep! trim Trim

INSULATION

Loose fill or balts

. Board and quilt

Solid and cork

Some as plan views

SHEET METAL Occasionolly
FLASHING indicated by note
METALS d ) srel ; Cas! iron
OTHER THAN Indicated by note Same as elevation i
FLASHING Ox(GramniioBRa - Small  Ajluminum Bronze
scole or brass
Lorge scaole
sofr —=— @ Z°°-°°°C
e e Reinforcing bars
STRUCTURAL Indicated by note or
STEEL or drawn 1o scale or IO )

L-ongles, [-beams
Small scale Large scale

Fig. 2-9A  Architectural drafting symbols.
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Drip cap
\\

Paints to side of
/ sash with hinges

Meeting = L Muntin

Rail i

s

Stile

Mullion

Qutside casing

ELEVATION VIEWS FROM OUTSIDE

Mullion

Qutswinging
casement window

Double hung
Inswinging
casement window

OPENINGS IN A FRAME WALL

window

ELEVATION VIEWS FROM OUTSIDE

Awning
window

—

e

OPENINGS IN A BRICK CAVITY WALL

ELEVATIONS SIMILAR TO BRICK WALL

Double hung Qutswinging Horizontal Jalousie
‘ window casement window sliding window window Door
Wall not plastered Plaster line
OPENINGS IN 8" (203 mm) BRICK WALL
e i 1
A ’ | 2 £ | 77 i
P e — = 1 = F 1 F = 8
i Dauble hung W DH Fixed glass DH
window Inswinging window window Door
casemant window
OPENINGS IN BRICK VENEER WALL
ELEVATIONS SIMILAR TO BRICK WALL
AT £Z
. S e———— |"wrasrs f
Double hung Awning lll Double hung Awning
window window Door window window Doaor

OPENINGS IN AN SCR BRICK WALL

OPENINGS IN INTERIOR PARTITIONS

I~ o
e [y s —— [===== e
[ N ]
| |
\ Folding door Sliding door Plastered arch
Intariar Daiihie action laccordian)
door door

Fig. 2-9B  Architectural drafting symbols (continued).
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PIPING PIPE FITTINGS (continued) PLUMBING (continued)
Piping, in general _ _ _ _ _ o __ = | Forweided or soldered fittings, Sireind Belland| o e e A m
{I..eﬂalred with name of material conveyed) wse joint indication shown below spigo! -
Non-intersecting pipes _ - — — — - : R e I/ V Kitchen sink, R 8 L drain board — _ THRCHET
Kitchen sink, L H drain board _ _ _ SO
R a4 e Expansion joint flanged b T ol [
Condensate _ __ _ _ _______ ====== Combination sink & dishwasher — _
. VALVES
Cold woler. - - - - e e a e Combination sink & laundry tray _ _ [LJ
Hot water _ _ _ _ _ _ _ _ e — ] ﬂidgd:r soldered m:n&:. Screwed | B! o-‘:d SaT
" tion sh i ;
Y R e 5 ) o | use joint indication shown below spigo ek U B TTRREE “ﬂ%‘
1 P L BSNRE ||[. T -~ | o= | =%« | wash sink (wall type). . — _ _ __ —E=ar
2] O e mmm=me | Globe vOIVE - - — — = o ——— e o b 0 e e R R 53
Refrgeramt i r e aca=t TP | Angle globe valve — - — — — oy Lsundry tras CT]
OH ________________ T E—— g
B gN WO = o > ; Water closet (Low tonk). — — — — _ 6
PIPE FITTINGS Check valve — —— |
] R TR Water closet (No tank) — _ _ _ _ _ ®)
Far welded or saidered fittings, | ¢ dTBell and
use joint indication shown below |>°"*W® spigot | Angle check valve —  — — 1‘}_— Urinal (Pedestal type) _ _ _ ()
T e — e — - | = | =
! Stop cock — — — — - ——— =0 [ 506 | Grinal (Wall typede - ~ - — — — — e
Elbow=-90 deg_ — _ _ _ = ‘ 1 Safet Ve - - — — — — _ | —Dfa— | —phe-
g gedde Urinal (Corner type) - — — — _ _ _ -ﬁl
Elbow=45 deg_ _ _ _ _ — _( f Quick opening valve_ — — _ | L
PRy Urinal (Stall typed— — — _ _ _ _ _ H
Elbow - turned up— - — — — @— | Float opening valve — — — — |-
s Urinal (Trough type) — — — — — = T'%r
Elbow - turned down_ _ _ — G#— | Motor operated gate vaive — ]-Dgfq @
Drinking fountain (Pedestal type) — 57
Elbow- long rodius _ _ _ — BIN s
Side outlet elbow - —‘i accssiohibi Drinking fountain (Wall type)_ _ _ TDEF—
Het down — — — — — — =
?u i Corner both_ — _ _ - ————— __ m Drinking fountain ( Trough type) _ _
Side outlet elbow- OF
DU D o — e Ly 1 Recessed bath _ _ _ — — — _ _ _ _ @ P I e @
Bose elbow _ _ _ _ _ _ A L,_ "
Rolt rim bath— — — — —— ———— m Waterheater— . — - — - _ @
Double branch elbow — — — S0t Bl S LS| S e B | werer WOH
____________ v
Single sweep fee _ _ _ _ _ of Yol T AP B ke rack  —
—————————— HA
Double sweep tee_ _ . _ — ey

Reducing elbow_ _ _ _ _ A

HE
SHOWET S10]] - s en v o e W m
Goas oullet o = e

N L 4L TTar
:

%
MW srsss - Shower head _ _ _ . — — _ _ (Pion] | [Etev]
5 Tl —‘}"— IP:;n) '—‘E_ Nasoum. guNet. s = e v
-outlel up_ — _ . Overheod gong shower- — — _ (giey e
Tee el up. — - T Mrr el i Lo e g
Tee-outlet down_ _ _ _ -5+ | Pedestal lovatory_ .. — — — — _ _ _ l;O;]
T | Grease separator — — — - —_ __ [}
Side outlet tee :% Wall lovatory. - — — - — — — — —
oulletup—— — s L il 28paFANOr i e e e @
Side outlet tee Corner lovatorys = e = o o
ouflet down ___ _ _ — . ; Lav EBREE L o bl ST e I52)
Manicure lavatory
Crosse — — - — ———— - 4i+ Medical lavatary——— - — — — — — [Em_ Garage deait. — — — - — — — — 5 o
Reducer— _ _ _ _ _ _ _ - —
. Dental lavatory— - — ~ w— e — -~ ;S%_I:' Floor drain with bockwater valve _ _ be-
Eccentric reducer— — — — - = Roof SUMP— - e e o [T

Types of joints

Flanged Screwed Bell & spigot Welded Soldered

Fig. 2-9C Standard symbols for plumbing, piping, and valves.
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Fig. 2-9D

Blank off. adjustable

{ i -

Damper automatic

E

Domper deflecting

Domper deflecting up

Damper deflecting down
*

B

Damper volume

=
' |
| p—

PLAN

2

ELEVATION

Duct flow direction

L
{ — <
F

Duet inclined drop

i

Duc! inclined rise

Duct section exhaust, return

riser to Ist floor

Duct section supply

| e
riser to 2nd floor

e

Duct section notation

type
exhoust

kitchen

Fan Hexible cannection

Rl

riser to Ist floor
ne.

T F

Louver & screen gir intake

Ventilator, cowl

!
A\

Ventilgtor, gooseneck

v
i A

Ventilator, rainproof

©

Ventilator, standord

O

PLAN PLAN
PLAN PLAN
ELEVATION ELEVATION ELEVATION ELEVATION
SINGLE LINE REPRESENTATION
Supply Return Damper B retractor Anchor
s R \ PA,
Hanger Expansion joint . Louver opening Register or grille
M

—

e

}L__

Sheet metal duct work symbols.
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ELECTRICAL FLOOR PLAN SYMBOLS

$ ® 5 SINGLE POLE SWITCH CLOCK OUTLET
$, ® 5, 3-WAYSWITCH EXIT LIGHT
$4 ® 5S4 4-WAYSWITCH FAN OUTLET

$y ® 5, DOORSWITCH IONIZATION TYPE SMOKE DETECTOR

$om ® Spm DIMMER SWITCH PHOTOELECTRIC TYPE SMOKE DETECTOR

Sew @ Se REMOTE CONTROL MASTER THERMOSTAT

$o ® Sp REMOTE CONTROL SWITCH

, TRANSFORMER SIZE AND TYPE AS NOTED.
$u * 5,  MOTOR STARTER SWITCH

TYVOROERECDm®UE B G ©€0®E

. LOWERCASE LETTER DESIGNATES
Ps ® 55 SWITCHING ARRANGEMENT RESHBMETON
SINGLE RECEPTACLE 5-15R BUZZER
PTACLE 5-15R
=S DUPLEX RECE Sl
. 5-15R FLOOR-MOUNTED
2 DREPEERES DOOR OPENER
—— DUPLEX RECEPTACLE 5-20 RA R B
= SPLIT SWITCHED DUPLEX RECEPTACLE 5-15 R e LB
E= 3-CONDUCTOR SPLIT RECEPTACLE 5-15R N
@ED DRYER RECEPTACLE SKTR BUTIET
S RANIGR RECRIIALLE TELEPHONE OUTLET
SPECIAL-PURPOSE OUTLET
®, DATA/TELEPHONE OUTLET
<—(—=>  MULTI OUTLET ASSEMBLY
¥ Z~7 7 TRACK LIGHTING LENGTH AND
O NUMBER OF FIXTURES AS NOTED
Y <> O  CEILING OUTLET PADDLE FAN PADDLE FAN
WITH LAMP
CF <O~ O—  WALLOUTLET
“SSXY"  ELECTRICAL PANEL FLUSH-MOUNTED
- FLUORESCENT LUMINAIRE
o UPPERCASE LETTER DENOTES STYLE SN  ELECTRICAL PANEL SURFACE-MOUNTED
d  LOWERCASE LETTER DENOTES F DP DISTRIBUTION PANEL
SWITCHING ARRANGEMENT LP LIGHTING PANEL

PP POWER PANEL

I | BRANCH-CIRCUIT WIRING. SHORT LINES

INDICATE UNGROUNDED CONDUCTORS.
O FUoRESCENT STRP LUMINAE
BACKWARD SLASH INDICATES A
BONDING CONDUCTOR. THE ARROW
INDICATES A HOME RUN.

Zl RECESSED FLUORESCENT LUMINAIRE

Fig. 2-9E Electrical symbols for floor plans.
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Notes Explaining Symbols

* When symbols are used to indicate future
equipment, they are shown with dashed lines
and will have a note to indicate such use.

* The orientation of a symbol on a drawing
does not alter the meaning of the symbol.

* Lighting fixtures are generally drawn in a
manner that will indicate the size, shape,
and orientation of the fixture.

* Symbols found on electrical plans indicate
only the approximate location of electrical
equipment. When exact locations are
required, check the drawings for dimen-
sions and confirm all measurements with
the owner or owner’s representative.

A notation will generally be found on the plans
(blueprints) next to a specific symbol calling atten-
tion to a variation, type, size, quantity, or other nec-
essary information. In reality, a symbol might be
considered to be a notation because, according to the
dictionary, symbols “represent words, phrases, num-
bers, and quantities.”

Another method of using notations to avoid clut-
tering up a blueprint is to provide a system of sym-
bols that refer to a specific table. For example, the
written sentences on plans could be included in a
table referred to by a notation. Fig. 54 on page 73
is an example of how this could be done. The spe-
cial symbols that refer to the table would have been
shown on the actual plan.

If the word “typical” appears as a notation, it
means that construction details are uniform
throughout the building. An example would be “typ-
ical two-bedroom suite.” This indicates all the two-
bedroom suites are identical.

DIMENSIONS

Dimensions are used to show the size of an object.
Metric dimensions are normally expressed in mil-
limetres or metres.

When the American system of units is used
on building drawings such as floor plans, mea-
surements are expressed in feet, inches, and frac-
tions of an inch. This is referred to as architectural
practice. There are 12 in. in 1 ft. A" mark after a
number indicates a measurement in feet. If the
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number is followed by ", it represents a dimension
in inches. Architectural dimensions may be
expressed in feet and inches or in inches; for
example a dimension of 3’6" may be expressed as
42". The standard on construction drawings is to
use feet and inches.

Building dimensions are normally shown on the
architectural drawings from which all measurements
should be taken. Be sure to confirm dimensions with
the owner or architect when exact positioning of
equipment is required.

SCALE

A drawing of an object that is the same size as the
object is said to be drawn full scale or at a scale
of 1:1.

Construction drawings reduce the size of a
building down to fit on a piece of paper by drawing
everything proportionally smaller than it actually
is. This is called reduced scale. A drawing that uses
a scale of 1:50 indicates that the building is 50 times
larger than the drawing. A drawing with a scale of
4in. = 1 ft. has a scale of 1:48.

Enlarged scale would produce a drawing larger
than the actual object. Printed circuit boards are
drawn using enlarged scale since many of the com-
ponents used in the manufacture of printed circuit
boards are very small. An example of enlarged scale
is 2:1, which indicates the drawing is twice as large
as the component.

Types of Scales (Measuring Instruments)

Three types of scales are commonly used on con-
struction drawings. When the drawing is in feet and
inches, an architectural scale is used. Fig. 2-10
shows a portion of an architect’s triangular scale
showing the '/g" and /4" scales.

For metric drawings, a metric scale is used. For
working with civil drawings (e.g., roads, dams,
bridges), an engineering scale is used. Table 2-1
lists common construction drawing scales.

Fig. 2-11 gives examples of reading scales.

i
M T L !| || T :||
H . . 3 % » B
- - « - - = 1-

IZZI.E‘:' ,.'.:' alai:lll"
/

)

“*-4‘-\

Fig. 2-10 Architect’s scale.
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METRIC ARCHITECTURAL ENGINEERING
1:20 172" =10" 1 =10
1:50 1/4"=1'0" 1"=20
1:100 1/8"=1'0" 1"=30
1:200 1/16" = 1'0" 1" =40
1:500 1/32"=1'0" 1"=50

Table 2-1 Common construction drawing scales.

| <— READ AS 6.7 m OR 6700 mm —>{

IIII]IIII|IHI||ilI||III[lllI|JFII|HII|1[Tl]'IT]I]IH[]I[I1"E]II|r |||m1||ml|||1|1m|
Tm 2 3 4 5 6 7 8 9

METRIC SCALE 1:100

1:100

| ——— READ AS 3.9 m OR 3900 mm ——=

LU UL U U UL MU R U R LR
0 1m 2 3 4

METRIC SCALE 1:50

| 1:50

! READ AS 23'0"—— >

| —»‘ ’-«— READ AS 8'0"

L | | ] il ] i | 1l | i 17 I il | 5 i) I
i 4 8 12 16 20 24 28
46 44 42 40 38 36 34 32

f ARCHITECTURAL SCALE 1/8" =1 ft.

«—— READ AS 8'6"

RAFSRAFS RAFSARFIRGFSRATIRARY u|
14 12 ] B B 4 2 a

ARCHITECTURAL SCALE 1/4" =1 ft.

«——READ AS 4.8 ——>

IIlI]FIIIIJIII|IIII'IIIII|HII|IIII|IIII|I1'IJ|II I|[!l||IIII|IIII|IIH[IIII1IIII|I

,1012 o Sagni (@ 9 o) o gt g Yillg
, 6. s 12108l B 8 T, TS

ENGINEERING SCALE 1" = 10 ft.

r«— READ AS 7.3 —»‘

|
|

| slo 1 5i8 5|6 5[4 | 5]2 slo 1 48
! 50 R ST el SRR R OB
|

ENGINEERING SCALE 1" =50 ft.

Fig. 2-11 Reading scales.

THE WORKING DRAWINGS

The architect or engineer uses a set of working
drawings or plans to make the necessary instruc-
tions available to the skilled trades that are to build
the structure. The plans show sizes, quantities, and
locations of the materials required and the
construction features of the structural members.
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Each skilled construction trade—masons, carpen-
ters, electricians, and others—must study and inter-
pret these details of construction before the actual
work is started.

The electrician must be able to convert the two-
dimensional plans into an actual electrical instal-
lation and visualize the many views of the plans and
coordinate them into a three-dimensional picture, as
shown in Fig. 2-3.

The ability to visualize an accurate three-
dimensional picture requires a thorough knowledge
of blueprint reading. Since all of the skilled trades
use a common set of plans, the electrician must be
able to interpret the lines and symbols that refer to
the electrical installation and also to interpret those
used by the other construction trades. The electrician
must know the structural makeup of the building
and the construction materials to be used.

The Drawing Set

A set of drawings is made up of several numbered
sheets. If there are many sheets in a set, it will be
broken down into subsets of architectural, electrical,
mechanical, etc. The electrical drawings will be num-
bered E-1, E-2, E-3, etc.

A typical set of construction drawings includes
the following.

A Site (Plot) Plan

The site plan shows

* the dimensions of the lot

* anorth-pointing arrow

* the location of utilities and their connection
points

* any outdoor lighting

» easements (rights to the property by
someone other than the owner)

* contour lines to show changes in elevation

* accessory buildings

* trees to be saved

Floor Plans

Depending on the complexity of the building, a set of
drawings for a single-family dwelling may have only
a single floor plan for each storey of the building.
As the complexity of the building increases there
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will be a number of floor plans for each storey (one
for each trade). A logical breakdown would be

architectural

electrical

mechanical

plumbing

HVAC (heating, ventilating, and air
conditioning)

structural

On very complex installations, each electrical
system such as power, lighting, voice/data, fire
alarm, and security/access control may have its own
plan for each storey.

Use architectural floor plans to find room mea-
surements, wall thickness, the sizes of doors and
windows, and the swing of doors. The floor plans of
other trades will show the locations of the equip-
ment associated with that trade.

Elevations

Elevations show the vertical faces of buildings, struc-
tures, and equipment. Elevations are used to show
both interior and exterior vertical faces. Sheet 7 of
the drawings that accompany this textbook shows
elevations of the kitchen cupboards. On sheet 1 you
will find the elevations (south, north, east, and west)
of the building.

c .

NMataile ar d SO Aants o
Details and Sections

Details are large-scale drawings that are used when
floor plans and elevations cannot provide sufficient
detail. Sheet 8 provides details of the requirements
for the installation of a swimming pool. Sheet 7
shows details of the bathroom vanities as well as
of the kitchen cabinets. Sections show internal
details of construction. See Section A-A on sheet 4.

Legend of Symbols

A legend of symbols provides the contractor or elec-
trician with the information to interpret the symbols
on the drawing.

Schedules

Schedules are lists of equipment. The door schedule
on sheet 7 of the plans describes the size and types of
doors required for the house. Electrical schedules
are made for such equipment as lighting fixtures
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(luminaires), panelboards, raceways and cables,
motors, and mechanical equipment connections.

Diagrams

One-line and riser diagrams are provided to quickly
show the flow of power throughout the building.
Riser diagrams are used to show vertical details
while using a one-line format to show power, tele-
phone, or fire alarm systems.

Shop Drawings

Shop drawings are used by equipment manufacturers
to show details of custom-made equipment for a
specific job. Installation diagrams that come with
equipment could be considered as shop drawings.

SPECIFICATIONS

Working drawings are usually complex because of
the amount of information they must include. To
prevent confusing detail, it is standard practice to
include with each set of plans a set of detailed
written specifications prepared by the architect.

Specifications are written descriptions of mate-
rials and methods of construction. They provide
general information for all trades involved in the
construction of the building, as well as specialized
information for the individual trades. Specifications
include information on the sizes, type, and desired
quality of the parts to be used in the structure.

Typical specifications include a section on
General Clauses and Conditions that is applicable
to all trades involved in the construction. This
section is followed by detailed requirements for
the various trades—excavating, masonry, car-
pentry, plumbing, heating, electrical, painting,
and others.

The plan drawings for the residence used as an
example for this text are included in the back of the
text. The specifications for the electrical work
indicated on the plans are given in Appendix A.

In the electrical specifications, the list of stan-
dard electrical parts and supplies frequently includes
manufacturers’ names and catalogue numbers of
the specified items. This ensures that these items
will be the correct size, type, and electrical rating,
and that the guality will meet a certain standard.
To allow for the possibility that the contractor may
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be unable to obtain the specified item, the words
“or equivalent” are usually added after the manu-
facturer’s name and catalogue number.

The specifications are also useful to the elec-
trical contractor as all of the items needed for a
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specific job are grouped together and the type or
size of each item is indicated. This information
allows the contractor to prepare an accurate cost
estimate without having to find all of the data in
the plans.
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Note: For these exercises, refer to the blueprints provided with this textbook. Also, refer to

the CEC when necessary.

PART 1—DRAWING PLANS

1. Identify three line types shown on sheet 2.

2. Determine the length of the lines for the following.

Scale
1:50

Length

1:75

1:100

o=t

Y =11

3. What is the purpose of specifications?

4. In what additional way are the specifications particularly useful to the electrical

contractor?

5. What is done to prevent a plan from becoming confusing because of too much detail?

6. Name three requirements contained in the specifications regarding material (Appendix A).

a.

b.

C.
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7

10.

11.

What are the two main hazards that the CEC is designed to prevent?
a. b.

What phrase is used when a substitution is permitted for a specific item in a specification?

What is the purpose of an electrical symbol?

‘What is a notation?

List five electrical notations found on the plans for the residence used as an example in
this book. Refer to the blueprints provided with this textbook.

1

2
3
4
5

PART 2—STRUCTURAL FEATURES

E:
2.

n

6.
7.
8.
9.

10.

To what scale is the basement plan drawn?

What is the size of the footing for the steel support columns in the basement?

. To what kind of material will the front porch lighting bracket fixture be attached?

. Give the size, spacing, and direction of the ceiling joists in the workshop.

What is the size of the lot on which this residence is located?

In what compass direction is the front of the house facing?

How far is the front garage wall from the curb?

How far is the side garage wall from the property lot line?

How many steel support columns are in the basement, and what size are they?

What is the purpose of the I-beams that rest on top of the steel support columns?
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58
12.
13.
14.

15:

16.

17.

18.

19.
20.
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Is the entire garage area to have a concrete floor?

Where is access to the attic provided?

Give the thickness of the outer basement walls.

What material is indicated for the foundation walls?

Where are the smoke detectors located in the basement?

What is the ceiling height in the basement workshop from bottom of joists to floor?

Give the size and type of the front door.

What is the stud size for the partitions between the bathrooms in the bedroom area
where substantial plumbing is to be installed?

Who is to furnish the range hood?

Who is to install the range hood?




UNIT 3

Service Entrance Calculatlons

B i o et s e e

OBJECTIVES
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After this studying this unit, the student will be able to

» determine the total calculated load of the residence

« calculate the size of the service entrance conductors, including the size of the neutral

conductors

* understand the CEC requirements for services, Rule 8-200

» fully understand special CEC rules for single-family dwelling service entrance conductor sizing
+ perform an optional calculation for computing the required size of service entrance

conductor for the residence

Before calculating the ampacity of service and ser-
vice entrance conductors required for the residence,
you must take an inventory of all loads in excess
of 1500 watts. The calculations are based on the
CEC. Always consult local electrical codes for
any variations in requirements that may take
precedence over the CEC.

SIZE OF SERVICE ENTRANCE
CONDUCTORS AND SERVICE
DISCONNECTING MEANS*

Service entrance conductors (Rule 8-200) and the
disconnecting means shall not be smaller than

1. 60-ampere, three-wire, for a single-family
dwelling where the floor area, excluding the
basement floor area, is less than 80 m?,
Rule 8-200(1)(b)(ii).

2. 100-ampere, three-wire, for a single-family
dwelling when the floor area, excluding the
basement floor area, is more than 80 m?,
Rule 8-200(1)(b)(i).

* (Courtesy of CSA Group)

24

The load on a residential service is a noncon-
tinuous load, Rule 8~200(3). This means that the
service conductors, the service switch, and the panel
are sized based on the demand amperes. To
correctly calculate the demand amperes for the
service, you must follow the steps listed in
Rule 8-200(1)(a).

Step 1. Calculate the basic load based on the living
area of the house, Rule 8-200(1)(a)(i).

Step 2. Calculate the electric space-heating load
and the air-conditioning load. Use the larger of
these loads in calculating the demand if you know
that they cannot be used at the same time,
Rule 8-106(4). If it is possible for the electric heat
and the air conditioning to operate at the same time,
you must include both loads in calculating the
demand. If baseboard heating is used with indi-
vidual thermostats in each room or area, refer to
Rule 62-116(2) for demand watts. If the residence
has an electric furnace, the load must be included at
100% of its rating, Rule 62—116(1).
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Step 3. Calculate the load for the electric range or
the combined load for a separate cooktop and oven.

Step 4. Add the kilowatt rating of any swimming pool
heaters or hot-tub and spa heaters. In this case there
should be no derating, Rule 8-200(1)(a)(v).

Step 5. Electric vehicle-charging equipment is loaded
at 100%, Rule 8-200(1)(a)(vi).

Step 6. A demand factor of 25% must be applied
to any additional loads in excess of 1500 watts if
an electric range is included. If there is no electric
range because the residence has a gas range, the
first 6-kW loads in excess of 1500 watts are
added at 100%. If the load is greater than
6 kW, the remainder should be added at 25%,
Rule 8-200(1)(a)(vii).
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For clarity, these calculations have been sum-
marized in Tables 3—1 and 3-2. No electric vehicles
are called for in the drawings, so there are no ref-
erences to loading or equipment in the tables.

SERVICE CALCULATIONS FOR A
SINGLE-FAMILY DWELLING, RULE 8-200:
CALCULATING FLOOR AREA

Ground-Floor Area

To estimate the total basic load for a dwelling, you
must calculate the occupied floor area of the dwelling.
Note in the residence plans that the ground-floor area
has an irregular shape. In this case, the simplest method
of calculating the occupied floor area is to determine
the total floor area using the inside dimensions of the
dwelling. Then, subtract open porches, garages, and

SERVICE CALCULATION
Demand Watts Demand Watts

Load Line 1, Line 2 Neutral (Min.)
Basic 7 000 W 7 000 W
Heat 13 000 W —_
Range 6820 W 6820 W
Other—Dryer 1425 W 1425 W

—Water Heater 750 W —

—Water Pump 600 W —_

29595 W 15245 W

Line 1-2; | = P/E 29 595/240 = 123.3 A
Neutral; | = P/E 15 245/240 = 63.52 A

Table 3-1 Demand watts calculation for service and neutral conductor.

MINIMUM CODE REQUIREMENTS FOR A SERVICE

Reference Minimum Service Calculation Panel A for Residence
Minimum service ampacity, Rule 8-104(1) 1233 A 200 A
Minimum service switch 200 A 200 A
Minimum fuse or breaker, Table 13 125 A 200 A
Minimum ground conductor, Rule 10-812 No. 6 copper No. 6 copper
Minimum bonding jumper, Table 41 No. 6 copper No. 6 copper
Minimum AWG L1, L2, Table 2 No. 2 RW30 No. 2/0 RW90
Minimum AWG neutral, Tabie 2 No. 6 RW90 No. 2/0 RWa0
Minimum conduit size, Tables 8, 9, 10 27-mm 41-mm
Minimum panel ampacity 125A 200 A
Minimum number of circuits, Rule 8-108(1)(c) 30 30

Table 3-2 Service requirements.
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other unfinished or unused spaces from the total area
if they are not adaptable for future use, Rule 8-110.

Many open porches, terraces, patios, and similar
areas are commonly used as recreation and enter-
tainment areas. Therefore, adequate lighting and
receptacle outlets must be provided.

To simplify the calculation, the author has
chosen to round off dimensions for those areas
(garage, porch, and portions of the inset at the front
of the house) not to be included in the computation
of the general lighting load.

Fig. 3—1 shows the procedure for calculating the
watts needed for the ground floor of this residence.

For practical purposes, the outside dimensions
of this building could be taken as being 17 m and
11 m,

Basement Area

The basement area of the home contains the fur-
nace, the hot water tank, and other service equip-
ment. According to Rule 8-110, only 75% of the
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inside dimensions are to be used in calculating the
living area of the basement because 25% houses
the above equipment.

For our calculations, we make these assumptions:

a. Basement walls are 305 mm thick.
b. Garage is unexcavated so that additional sup-
port for the weight of vehicles is not required.

On this basis our calculations can be made as
follows:

Ground-Floor Area

16.765 — (0.1 + 0.1) m = 16.565 m
10.670 — (0.1 + 0.1) m = 10.470 m

16.765 m X 10.470 m 175.5 m?

Less area not included:
2135m X 3.675m=—- 785m’
3.255m X 3.740 m = -12.17 m?
3.255m X 4.775 m = -15.54 m’

1399 m’

Total ground-floor area

16.765m

WALLS ARE 100 mm THICK.
16.765 - (0.1 + 0.1)m = 16.565 m
10.670 - (0.1 + 0.1)m = 10.470 m

GROUND-FLOOR AREA 16.565m x10.470 m = 175,56 m®

14.775m x3.255m [3.74 m x3.255m
= 15.54 m?

el
DEDUCT AREAS GARAGE - 15.54 m? -4
NOT TO BE OPEN PORCH - 12.17 m? 2
INCLUDED OPEN PATIO - 7.85m? 3

INSIDE DIMENSIONS  139.9 m*
OF RESIDENCE RULE 8-110

--------------

---.-......-
w
S
o
3
X
i
-t
(78]
o
3

Fig. 3-1 Determining the ground-floor living area to be used to calculate basic load, Rule 8-110.
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Basement Area

17.045 - (0.305 + 0.305) m = 16.435 m
10.945 — (0.305 + 0.305) m = 10.34 m

16.435 m x 10.34 m = 169.94 m*

Less area not included:

21mx3.75m =- 788m?
345mx32m =-11.04 m*
3.2mx471m =-15.07 m?

Total basement area 135.95 m?

Basic Load Calculations,
Rule 8-200(1)(a)(i,ii)
For this calculation, Rule 8-200(1)(a)(i,ii) requires
that the load be based on 100% of the living area on
the ground floor plus 75% of the living area in the
basement.
Area to be considered:
100% of ground floor (139.9 m*)139.9 m*
75% of the basement area
(135.95 m?)

Total area

101.96 m’
241.86 m*

Total area = 241.86 m*
1st 90 m? = 5000 W

This leaves 151.86 m? (241.86 m* - 90 m?)

An additional 1000 W must be added for each
90 m? or portion thereof in excess of 90 m?. Since
151.86/90 = 1.7, use 2 times.

2% 1000 W = 2000 W
A. Basic load = 5000 W + 2000 W = 7000 W

Electric furnace and air conditioning,
Rule 8-200(1)(a)(iii)

Since you know that the air conditioning and heating
will not be used simultaneously, use whichever is the
greater load in calculating the demand, Rule
8-106(4). Therefore, if the air conditioner load is
less than the heating load, it need not be included in
the calculations. Air conditioner load is

30 amperes X 240 volts = 7200 W
This is less than the heating load.
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The electric furnace for this home is applied at a
demand of 100%, based on Rule 62—-116(1). If this
home had been heated with baseboard heaters, we
would have been able to derate the amount over
10 kW at a demand factor of 75%, Rule
62-116(2)(a).

B. Electric furnace = 13 000 W

Electric range or wall-mounted oven and
counter-mounted cooking unit combined,
Rule 8-200(1)(a)(iv)

Wall-mounted oven = 6600 W
Counter-mounted cooking unit = 7450 W
Total = 14 050 W (14.05 kW)
For rating of 12 kW or less load = 6000 W
Add 2.05 kW x40% = 820 W

C. Range load = 6820 W

D. Dryer 5700 W x 25% = 1425 W

E. Water heater 3000 W x 25% = 750 W

F. Pump 2400 W x 25% = 600 W

A+B+C+D+E + F = Total demand load
= 29595 W

Summary of Calculations

Step 1: Basic Load
241.86 m’
90 m’
151.86 + 90
=1.70r2x1000=2000W

Demand watts = 7000 W 7000 W

1st 90 m? = 5 000 W

Step 2: Heat
(electric furnace @ 100%)

13000 W 13000 W

Step 3: Range Ist 12kW = 6000 W
205kWx40% = 820 W

Demand watts = 6 820W 6820 W
Step 4: Other Loads:
Dryer x25% = 1425W
Water Heater X 25% = 750 W
Pump X 25% = 600 W
Demand watts = 2775W 2775 W
Total load (demand watts) 29595 W
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Service Entrance Conductor Size

The ungrounded conductors are sized from CEC
Table 2 for copper wires and Table 4 for aluminum.
It is common to have aluminum conductors installed
up to the line side of the meter base and from the
load side of the meter base into the panel.

Take care in this type of installation to ensure
that the aluminum conductors are installed in lugs
rated and approved for the purpose, Rule 12-118(3).

An appropriate joint compound, for example,
Pentrox™, must be used to penetrate the oxide film
and prevent it from re-forming when terminating
or splicing all sizes of stranded aluminum conduc-
tors, Rule 12—-118(2).

It is important to follow the requirements of
Rule 2—130. All conductors that are exposed to
direct sunlight must be approved for the purpose.
Conductors that are approved for exposure to sun-
light will be surface-marked appropriately.

Neutral Conductor

According to Rule 4-024(1), the neutral conductor
is sized according to the unbalanced load on the
service. This wire shall be the larger of the bonding
conductor, sized from CEC as specified in
Rule 10-204(2), or the calculated ampacity as deter-
mined from the demand watts calculation shown
in Table 3—-1 on page 24. In this example, both
methods require a minimum #6 AWG conductor.

This conductor may be run bare provided it
is made of copper and is run in a raceway,
Rule 6-308(a). Verify with your local inspection
authority before proceeding.

The neutral conductor is sized by the maximum
unbalanced load between line 1, line 2, and the
neutral.

This means that 240-volt loads are not included
in calculating the demand watts on the neutral.
These may include

* central air conditioner
* electric furnace
* water pump

* water heater

Since some utilities do not allow a reduction in
the size of the neutral conductor for services less
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than 200 amperes, check with provincial codes or
the local inspection authority before proceeding
with a reduced neutral installation.

Consumer Service Ampacity Rating

The minimum rating of a consumer service is based
on a comparison between the overcurrent device
and the ampacity of the line conductors.

Whichever is the lower value determines the
ampacity rating of the service. This would also apply
for branch circuits or feeders, Rule 8-104(1).

Main Service Switch

The main disconnect for a service is described in
the CEC as the service box. This could be a separate
switch containing fuses or a circuit breaker. In
reality it is more commonly installed as a combi-
nation panel comprising the service entrance portion
and the distribution portion.

The standard available sizes of disconnecting
means are 30 amperes, 60 amperes, 100 amperes,
200 amperes, and 400 amperes.

Optional available sizes are 125-ampere and
225-ampere panels. However, most residential appli-
cations are now either 100 amperes or 200 amperes.
Using the demand watts calculation in Table 3-1, it
is determined that a 125-ampere service would be
sufficient for this residence. This would, however,
leave little room for future growth, such as an out-
building for a workshop or a hot tub. For this reason,
it has been decided that a 200-ampere service will
be installed.

Main Service Fuse or Circuit Breaker
(Table 13)

The size of the main fuse or circuit breaker is based on
the ampacity of the line conductors, as found in
Table 2. This ampacity is used to determine the size
of the fuse or circuit breaker from Table 13,
Rule 14-104(1)(a).

Main Service Ground (Table 16)

The main service ground is sized from Table 16
(see Table 3-3), and is based on the ampacity of
the line 1 and line 2 conductors, Rule 10-206(1).
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CEC Table 16
MINIMUM SIZE CONDUCTORS FOR BONDING CONDUCTORS
(See Rules 10-204, 10-626, 10-814, 10~816, 10-906, 12-1814, 24-104, 24-202, 30—1030, 68—-058, and 68—406.)

Ampacity, A, of largest ungrounded conductor
in the circuit or equivalent for multiple
parallel conductors not exceeding

Size of bonding conductor

Copper wire, AWG Aluminum wire, AWG

20 14 12
30 12 10
40 10 8
60 10 8
100 8 6
200 6 +
300 el 2
400 3 1
500 2 0
600 1 00
800 0 000
1000 00 0000
1200 000 250 kemil
1600 0000 350 kemil
2000 250 kemil 400 kemil
2500 350 kemil 500 kemil
3000 400 kemil 800 kemil
4000 500 kemil 800 kemil
5000 700 kemil 1000 kemil
6000 800 kemil 1250 kemil

NOTE: The ampacity of the largest ungrounded conductor, or the equivalent if multiple conductors are used, shall be determined from the appropriate Tabile In the Code,
taking into consideration the number of conductors in the raceway or cable and the type of insulation.

Table 3-3 CEC Table 16: Minimum size of conductors for bonding conductors. (Courtesy of CSA Group)

Main Service Bonding Conductor
(Table 41)

The bonding jumper for metallic service raceways
is sized from Table 41 and is based on the ampacity
of the largest service conductor, Rule 10-614(1)
(a,b). This jumper connects the service raceway by
means of a ground bushing to the metal enclosure.
Accordingly, it provides a low impedance path for
adequate bonding to prevent dangerous conditions
that may result from equipment failure or lightning
strikes.

Main Service Conduit Size
(Tables 8, 9, and 10)

The minimum size conduit for the service entrance
is based on 40% conduit fill (7able 8). The total
area of the conductors is calculated using Table 10.
Then the 40% column in Table 9 is used to find the
minimum size of the raceway. If all the conductors
are the same type and size, Table 6 may be used to
size the raceway. For this service, a 41-mm con-
duit is adequate for the three No. 2/0 RW90
conductors.

Note that the service mast is usually 63-mm
rigid metal, but the conduit from the meter base

into the panel must be sized using the method
described.

Main Service Panel Ampacity and Number
of Circuits

The ampacity of the service panel is based on the
ampacity of the main service switch, for example,
a 100-ampere switch and a 100-ampere panel.

The minimum number of circuits for the panel
is listed in Rule 8—108(1). In this case, the 200-
ampere service requires a minimum of 30 circuits,
Rule 8—-108(1)(c)(ii). If the house had been heated
with baseboard heaters, it would have required
40 circuits. The baseboard heaters would have
required a number of two-pole breakers (30 amperes
maximum), whereas a central furnace could be fed
by a 70-ampere two-pole breaker, taking up only
two positions.

Rule 8-108(2) states that two additional spaces
must be left for future overcurrent devices. This is
sometimes interpreted to mean that two circuits
must be added to the required number in
Rule 8-108(1), but for the purposes of this
calculation Rule 8—-108(2) is satisfied by leaving
two spaces available in the 30-circuit panel. These
two spaces could be used to feed a future subpanel.
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According to Table 2, AWG R90 XPLE
(without jacket) will be the minimum size of con-
ductor for the 29 595 watt (123.3 ampere) load.

For the service to be 200 amperes, No. 2/0
AWG RW90 (200-ampere) will be required.
According to Table 2, the minimum size neutral is
No. 6 (RW90, is good for up to 75 amperes).

The 240-volt loads are not to be included in the
calculation for neutral conductors.

Calculation for Subpanel B

The calculation for the subpanel is based on the
load supplied. Rule 6-102(1) allows for only one
service to be installed to the residence. We cannot
apply Rule 8-200 to a subpanel because that rule
must be applied to the whole house.

We must provide enough power at the second
panel to handle the known loads. Based on the
circuit schedule for Panel B in Fig. 4-13 on page
44, a 60-ampere panel would be adequate for
the load. However, if the dryer, oven, and range
were operated at the same time, the subpanel
feeder breaker could be overloaded and trip.
Therefore, the recommended feeder to Panel B is
100 amperes.

To install a 100-ampere panel, we need No. 3
R90 XLPE (without jacket). From Table 6, three
No. 3 T90 require 27-mm conduit.

Checking the specifications and also Fig. 4-2
on page 35, we find that three No. 3 R90 XLFE
(without jacket) conductors supply Panel B.

Main Disconnect

The main disconnect in the residence is a 200-ampere
combination panel. Many electric utilities state that
the conductors feeding this type of disconnect must
have the same ampere rating as the disconnect. Some
utilities also state that the neutral conductor cannot
be reduced in size because it is not always possible
to foresee the type of load that may be connected to
the panel. As a result, it is sometimes difficult to
conform to all the rules of the electric utility as
well as the local electrical code. By installing three
No. 2/0 RW90 conductors for the line and neutral
conductors, you will satisfy most local and provincial
electrical code requirements.

Grounding Electrode Conductor

The grounding electrode conductor connects the
main service equipment neutral bar to the grounding
electrode. The grounding electrode might be the
underground metallic water piping system, a driven
ground rod, or a concrete-encased ground. All of
this is discussed in Unit 4.

Grounding electrode conductors are sized
according to Table 16.

For example, a residence is supplied by No. 2/0
AWG copper service entrance conductors. Checking
CEC Rule 10-12, we find that the minimum
grounding electrode conductor must be a No. 6
AWG copper conductor.

SERVICE CALCULATIONS
FOR APARTMENTS

Often, single-family homes are constructed or ren-
ovated to divide the space into two or more units.
This type of building is considered to be an apart-
ment building and requires that the services be cal-
culated according to Rule 8-202.

For this example, we assume that our building is
constructed with a completely independent apartment
in the basement. The living area has not changed.

The heat will be changed to electric baseboard
heaters with 7.5 kW located in the ground-floor
unit and 5.5 kW in the basement. The floor plans
will be modified so that all loads previously
allocated to the service will be connected to the
ground-floor unit service. The basement unit will
have a 3-kW water heater and a 12-kW range.
Laundry facilities will not be available in the base-
ment unit.

The service calculation for an apartment unit is
almost identical to that of a single dwelling. The
only difference is in the basic load calculation.

Ground-Floor Uni

Basic load based on a floor area of 1399 m?*

First 45 m’ 3500 watts
Next 45 m’ 1500 watts
Next 90 m?
Orf portion 1000 watts
Total Range 6000 watts 6 000 watts
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First 12 kW 6000 watts
Remaining
2.05kW x40% 820 watts
Total 6820 watts 6 820 watts
Other loads
Dryer X 25% 1425 watts
Water heater x
25% 750 watts
Pump X 25% 600 watts
Total 2775 watts 2 775 watts
Subtotal 15 595 watts
Electric heat 7 500 watts

Grand total 23 095 watts

Basement Unit

Basic load based on a floor area of 180.98 m?

First 45 m? 3500 watts
Next 45 m? 1500 watts
Next 90 m?

or portion 1000 watts
Total Range 6000 watts 6 000 watts
First 12 kW 6000 watts 6 000 watts
Other loads
Water heater X

25% 750 watts 750 watts
Subtotal 12 750 watts
Electric heat x

100% 5 500 watts
Grand total 18 250 watts

To determine the ampacity of the service for the
ground floor:

Demand watts 23 095 watts
System voltage 240 volts

= 96.2 amperes

Therefore, a 100-ampere service would be accept-
able. However, the installer may wish to increase
the service to 125 amperes to allow for future
growth.
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To determine the ampacity of the basement unit
service:
Demand watts _ 18 250 watts

T i s

Therefore a 100-ampere service would be installed.

This type of service installation usually is in
the form of a single consumer service, divided into
several parts in a multigang meter socket and ter-
minating in separate service boxes. The ampacity of
the consumer service conductors is not the sum
of the individual services, but a calculation based on
the individual demand loads and Rule 8-202(3). To
perform this calculation, we must begin with the
demand of each unit, without any electric heat or
air-conditioning loads.

System voltage

The calculation is

100% of the largest unit = 15 595 x 100% =

15 595 watts
65% of the next
largest unit =
12 750 X 65% = 8 287.5 watts
Subtotal 23 882.5 watts

Add the electric heat as outlined in Rule 62—116(2)
Total installed
electric heat =

100% of the first
10 kW = 10 kW x

75kW + 55kW = 13 kW

100% = 10 000 watts
75% of the

remaining 3 kKW =

3kW x75% = 2 250 watts
Subtotal 12 250 watts
Grand total 36 132.5 watts

Minimum Service Ampacity
Calculated demand 36 132.5 watts
System voltage 240 volts

= 1506
amperes

The minimum consumer service ampacity is consid-
erably less than the sum of the individual services.
For this application, the installer would normally
install a 200-ampere service to allow for future growth.
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Note: Refer to the CEC or the the blueprints provided with this textbook when necessary.

L.

When a service entrance calculation results in a value of 15 kW or more, what is the min-
imum size service required by the CEC?

. a. What is the demand load per 90 m’ for the general lighting load of a residence?

b. What are the demand factors for the baseboard heating load in dwellings?

. a. What is the ampere rating of the circuits that are provided for the lighting and

power loads?

b. What is the maximum number of outlets permitted on a 15-ampere branch circuit
by the CEC?

c. How many 15-ampere circuits are included in this residence?

Why is the air-conditioning load for this residence omitted in the service calculations?
What is the rule number?

. What demand factor may be applied to loads greater than 1500 watts, such as a clothes

dryer and water heater, in addition to an electric range, Rule 8-200(1)(a)(vi).

. What load may be used for an electric range rated at not over 12 kW?

. What is the load for an electric range rated at 16 kW, Rule 8-200(1)(a)(v)? Show

calculations.

. What is the computed load when fixed electric heating is used in a residence?
(Rule 62-116)
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9. On what basis is the neutral conductor of a service entrance determined?

10. Why is it permissible to omit an electric space heater, water heater, and certain other 240-
volt equipment when calculating the size of the neutral service entrance conductor for
a residence?

11. Calculate the minimum size of service entrance conductors required for a residence
containing the following: floor area 8 m x 12 m; 12-kW electric range; 5-kW dryer
120/240-volt; 2200-watt sauna heater, 120-volt; 12 kW of baseboard heaters with
individual thermostat control, 240-volts; two 3-kW, 240-volt air conditioners; 3-kW,
240-volt water heater.

Determine the sizes of the ungrounded conductors and the neutral conductor. Use type

RW90 copper conductors.

Two No. RW90 ungrounded conductors

One No. RWO90 neutral (or bare neutral if permitted)

One No. AWG system grounding conductor to water meter

STUDENT CALCULATIONS

Minimum service ampacity

Minimum switch

Minimum fuse or circuit breaker

Minimum bonding jumper

Minimum conduit size

Minimum panel ampacity

Minimum number of circuits in panel




UNIT 4

Service Entrance Equipment

OBJECTIVES

After studying this unit, the student will be able to
« define electric service, supply service, consumer’s service, overhead service, and

underground service

» [list the various CEC rules covering the instaliation of a mast-type overhead service and an

underground service

* discuss the CEC requirements for disconnecting the electric service using a main panel and

load centres

+ discuss the grounding of interior alternating current systems and the bonding of all service

entrance equipment
« describe the various types of fuses

« select the proper fuse for a particular installation
* explain the operation of fuses and circuit breakers

* explain the term interrupting rating

* determine available short-circuit current using a simple formula

+ perform cost-of-energy calculations
* understand how to read a watt-hour meter

An electric service is required for all buildings con-
taining an electrical system and receiving electri-
cal energy from a utility company. The CEC
describes the term service in two ways: corsumer’s
service and supply service.

A consumer’s service is considered to be all
of the wiring from the service box to the point
where the utility makes connection. A service box
is a main switch and fuses or the main breaker in a
combination panel.

Section 0 defines a supply service as the single
set of conductors run by the utility from its mains to
the consumer’s service. On an overhead service,
this is usually from the transformer on the pole

34

to the point of attachment on the service mast. With
an underground service, this may be from the
transformer to the line side of the meter base. If the
electric utility defines the point of connection as
the transformer, the wires that are run from the
transformer to the meter base form part of the
consumer’s service. Always check with your local
utility for the specific bylaws and requirements that
pertain to services.

In general, watt-hour meters are located on the
exterior of a building. Local codes may permit the
watt-hour meter to be mounted inside the building.
In some cases, all of the service entrance equip-
ment may be mounted outside the building. This

NEL
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includes the watt-hour meter and the disconnect- A combination panel has two sections, the
ing means, Rule 6-408. service box (service entrance portion) and the

The electric utility generally must be contacted to panelboard (the distribution portion); see Fig. 4-1.
determine the location of the meter, Rule 6-408. This In Fig. 4-1 there is a dashed line between the
will usually be within 1 m from the front of the house two portions of the combination panel. The panel-
and 1.8 m above grade to the centre of the socket. board (distribution portion of the combination panel)

is not considered to be part of the service entrance
wiring. Therefore, it is very important that all of

OVERHEAD SERVICE the service entrance wiring enters only the service
An overhead supply service consists of the over- entrance portion of the panel.

head service conductors (including any splices) that Fig. 4-1 shows how a pad-mounted transformer
are connected from the mains of the supply author- feeds the service in the residence, which in turn
ity to the service entrance conductors at the mast feeds Panel B. Fig. 4-2 illustrates the CEC terms
for the consumer’s service. for the various components of a service entrance.
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Fig.4-1 Service entrance, main panel, subpanel, and grounding for the service in this residence. The metal water pipe
from a public water main provides the best ground for a service, Rule 10-700(1)(c). (Courtesy of CSA Group)
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THESE CONDUCTORS
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Fig. 4-2

MAST-TYPE SERVICE ENTRANCE

The mast service (Figs. 4-3, 44, and 4-5) is a com-
monly used method of installing a service entrance.
The mast service is often used on buildings with
low roofs, such as ranch-style dwellings, to ensure
adequate clearance between the ground and the low-
est service conductor.

The mast must be run through the roof, as shown
in Fig. 4-3, and must be fastened to comply with
CEC requirements. The specific requirements for
installing this type of service are set out in Rule 6112
and Appendix B.

CEC terms for the services. See Fig. 4-6 for grounding requirements. (Courtesy of CSA Group)

Clearance Requirements
for Mast Installations

When installing an overhead service, you must main-
tain certain clearances between the conductors and
other surfaces such as the ground and nearby parts
of the building. The point of attachment of the con-
ductors to the building must not be higher than 9 m
above grade, and minimum clearances from the con-
ductors to grade should not be less than

5.5 m for highways, lanes, and alleys
5.0 m commercial and industrial driveways
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Fig. 4-3 Clearances for a typical service entrance installation, Rule 6—112(2). (Courtasy of CSA Group)

4.0 m for residential driveways
3.5 m for sidewalks

The service conductors must not be less than 1 m from
a window, door, or porch, Rule 6-112(3). Nor-
mally there must be a clearance of 915 mm
between the point of attachment and the roof.
However, this may be reduced if a minimum of
600 mm is maintained between the roof and the bot-
tom of the drip loops on the supply conductors
(Fig. 4-4).

Service Mast as Support (Rule 6-112)

The bending force on the conduit increases with an
increase in the distance between the roof support
and the point where the supply service conduc-
tors are attached. The pulling force of service con-
ductors on a mast service conduit increases as the
length of the supply service conductors increases.
As the length of the service conductors decreases,
the pulling force on the mast service conduit
decreases.

AT LEAST 916 mm
CLEARANCE
OVER ROOF

CONDUCTORS MUST TERMINATE AT A
THROUGH-THE-ROOF RACEWAY
OR APPROVED SUPPORT

AT LEAST 600 mm CLEARANCE
MUST BE MAINTAINED ABOVE THE
OVERHANGING PORTION OF THE
ROOF TO BOTTOM OF DRIP LOOP.

Fig. 44 Clearance requirements for consumer’s service conductors passing over residential roofs, Rule 6—112 and
Appendix B, where voltage between conductors does not exceed 300 volts. (Courtesy of CSA Graup)
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If extra support is not provided, the mast must
be an approved tubular support member (most com-
mon) or 63-mm rigid steel conduit, Rule 6-112(4,5).
This size prevents the conduit from bending due to
the strain of the supply service conductors. If extra
support is provided, it should be in the form of a
guy wire that attaches to the roof rafters of the house
and the service mast by means of approved fittings.
This provides support for long runs of supply ser-
vice conductors and for the extra weight that ice
storms can add to the conductors. If the mast is
more than 1.5 m above the uppermost support, the
mast must have a guy wire attached to the roof
rafters by an approved fitting, Rule 6-112(4,7,8)
and Appendix B. Consult the utility company and
electrical inspection authority for information
relating to their specific requirements for clearances
and support for service masts.

The CEC rules for installation and clearances
apply to the supply service and consumer service
conductors. For example, the service conductors
must be insulated, except where the provisions of
Rule 6-308 are met and approved for exposure to
direct sunlight as required by Rule 2—130. In this
case, the grounded neutral conductors are not
required to have insulation.

Rule 6—112 and Appendix B give clearance
allowances for the supply service passing over the
roof of a dwelling, Fig, 4-4.

The installation requirements for a typical service
entrance are shown in Figs. 4-5 and 4-6. Fig. 4-3
shows the required clearances above the ground. The
wiring connections, grounding requirements, and CEC
references are given in Figs. 4-5 and 4-6.

UNDERGROUND SERVICE

The underground service is the cable installed
underground from the customer’s meter socket to
the utility’s supply. This cable is usually, but not
always, supplied by the utility company.

New residential subdivisions often include
underground installations of the electrical system.
The transformer and primary high-voltage conduc-
tors are installed by, and are the responsibility of, the
utility company.

The conductors installed between the pad-
mounted transformers and the meter are called
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consumer service conductors. The utility runs the
services to the lot line, and the electrical contractor
completes the installation. Otherwise, the electri-
cal contractor supplies and installs the consumer
service conductors, but the local utility may require
a specific type of cable that it may supply to the
contractor at a reasonable cost. Always check with
the local utility in addition to the inspection
authority before commencing work. Fig. 4-7 shows
a typical underground installation.

The wiring from the external meter to the main
service equipment is the same as the wiring for a
service connected from overhead lines, Fig. 4-6.
Some local codes may require conduit to be installed
underground from the pole to the service entrance
equipment. Requirements for underground services
are given in Rule 6-300. The underground conduc-
tors must be suitable for direct burial in the earth.

If the electric utility installs the underground
service conductors, the work must comply with the
rules established by the utility, Section 0, Scope.
These rules may not be the same as Rule 6-300.

When the underground conductors are installed
by the electrician, Rule 6-300 applies. This rule
deals with the protection of conductors against
damage and sealing of underground conduits where
they enter a building.

MAIN SERVICE DISCONNECT LOCATION
The main service disconnect means shall be installed
at a readily accessible location so that the service
entrance conductors within the building are as short
as possible. See Fig. 4-8.

The reason for this rule is that the service entrance
conductors do not have overcurrent protection other
than that provided by the utility’s transformer fuses.
Should a fault occur on these service entrance con-
ductors within the building (at the bushing where
the conduit enters the main switch, for instance),
the arcing could result in a fire.

The electrical inspector (authority having juris-
diction) must make a judgment as to what is consid-
ered to be a readily accessible location nearest the
point of entrance of the service entrance conductors,
Rule 6-206(1).

Rule 2-100(3 )(a) states that all panels must have
a legible circuit directory indicating what the
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2/0 RW30 XLPE

BRACKET

BASE TYPE "S"
200 AMPERE

COPPER CONDUCTORS

DRIP LOOP

OVERHEAD METER

TWO-HOLE ——>¢

THROUGH BOLT —*
BRACKET | { OF SUPPORT

63-mm CAST WEATHER HEAD
FOR 200-A SERVICE

RACK AND SPOOL
ASSEMBLY

MIN. THREE POINTS

CONDUIT SIZE
DETERMINED

BY SIZE OF
CONDUCTOR
AND INSULATION

TYPFE

Y

<<—— 63-mm RIGID STEEL MAST

<—— 63-41-mm MAST ADAPTER

<—— 41-mm RIGID CLOSE NIPPLE
_{<—— 41-mm RIGID CONDUIT MAY BE USED
TO EXTEND RACEWAY IF MAST

NOT LONG ENOUGH.

METER HUB

ﬁ-41~mm METER OFFSET =

—<—— 41-mm PVC STRAP

=3 OFFSET METER
_ 41-mm PVC LB TERMINAL ADAPTER.

Fig. 4-5 A method of connecting conduit to meter base on a 200-ampere overhead service entrance installation.
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POINT OF ATTACHMENT TO SYSTEM GROUNDING
BUILDINGS SHALL BE A CONDUCTOR
MAXIMUM OF 9 m ABOVE
GRADE, RULF 6-112(2)
SERVICE HEAD PVC CONDUIT
TO BE 150 TO 300 mm
DRIP LOOP ABOVE POINT OF
ATTACHMENT,
RULE 6-1186.
|
/ \ 750 mm MIN.
RACK AND LENGTH,
SPOOL RULE 6-302(3). ™ N ey
ASSEMBLY GROUND
THREE TWO-HOLE i_]g_l ELECTRODE
3" CLAMPS OR EYE- 200-A MAIN BREAKER ® 0
BOLT MAST o L L L—*L
SUPPORT / <
<— CONDUIT SIZE, /
RULE 6-112(4,5). BRASS MAIN
BONDING NEUTRAL
& T SCREW, BAR BONDED
RECOMMENDED O RULE 10-204. e
HEIGHT OF O NOTTO
METER SOCKET E O SCALE kL BONDING
1.8 m. VERIFY 0 L T BUS
WITH UTILITY, ol
e ARAL RULE G408 WAIN SWITCH —
BONDED TO AND OVERCURRENT — — — NEUTRAL
METER S BUS
ENCLOSURE METER PROTECTION, T X
BASE HUB RULE 14-010. X \
: 100-A TWO-POLE| 15-A ONE-POLE ==
LB FITTING 'i BREAKER BREAKER e 15-A
ELECTRICAL EQUIPMENT REQUIRED BRANCH
TO INTERRUPT FAULT CURRENTS CIRCUIT
SHALL HAVE RATINGS SUFFICIENT FUSES OR CIRCUIT
FOR THE VOLTAGE EMPLOYED AND BREAKERS MUST HAVE —gi
FOR THE FAULT CURRENT THAT IS INTERRUPTING RATING rE ﬂ
AVAILABLE AT THE TERMINALS, SUFFICIENT FOR VOLTAGE M
RULE 14-012. EMPLOYED AND CURRENMT —r
THAT MUST BE INTERRUPTED, pat oo
RULE 14-012. f .,
Ja )
DISCONNECT MEANS
LOCATED AT READILY
ACCESSIBLE LOCATION NEAREST
v GRADE POINT OF ENTRANCE OF SERVICE
PR P rP PP PR AR RRTTI7 CONDUCTORS, RULE 6-206(1).

Fig.4-6 The wiring of a typical overhead service entrance installation. (Courtesy of CSA Group)
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MAIN METER

METER BASE '_“ ;
MOUNTED ON SIDE -
=]l— MAIN i
OF RESIDENCE __ SERVicE —1
| — ENTRANCE S GRADE
PANEL R
MAIN SWITCH 4 T
AND SERVICE S
ENTRANCE 2 600 mm
> 5 CONDUIT RUN ....../-’ BELL END
—~~ DOWNTO ’ X\ ORBUSHING.
558 LB FITTING PAD-MOUNTED
TRANSFORMER CABLES MUST
CONDUIT RUN 300 mm ENTER CONDUIT
TO BELOW BOTTOM VERTICALLY.
GROUND LINE oF
TRENCH 4\

CONDUIT RUN FROM LB FITTING 83‘3 EE%?gESN gt?i&?é%fﬂﬁﬁl?ﬁ?‘?gﬂ
INTO MAIN SERVICE ENTRANCE PANEL TO THE PAD MOUNTED TRANSFORMER
PLACED ON LOT LINE AT REAR OF
RESIDENCE

Fig. 4-7 Underground service,

circuits are for. You can see the circuit directory on
SERVICE DISCONNECTING MEANS TO BE

@ 11l READILY ACCESSIBLE AND NEAREST THE the inside of the door of the panel or on the side of
i i POINT WHERE THE SERVICE ENTRANCE 3 7 :
ol [l CONDUCTORS ENTER THE BUILDING. the panel front cover. The main service Panel A cir-
y f CONSULT WITH ELECTRICAL INSPECTOR . . . . .

TO DETERMINE WHETHER GREATER LENGTHS cuit directory is shown in Fig. 4-9. The Panel B

| INSIDE THE BUILDING ARE PERMITTED.

| | I THIS SWITCH IS NOT AS
il CLOSE AS POSSIBLE TO
THE POINT WHERE

THE SERVICE ENTRANCE
CONDUCTORS ENTER I
THE BUILDING. Disconnect Means (Panel A)

circuit directory is shown in Fig. 4-13.

: The requirements for disconnecting the electric
= services are covered in Rule 6—200. Rule 6-200(1)
% ! requires that each consumer’s service be provided
with a single service box.

However, Subrule (2) sets out the circumstances
i | in which more than one service box is permitted:

* The subdivision is made at the meter base.

* Maximum rating is 600 amperes and 150 volts
to ground.

Fig. 4-8 Main service disconnect location,
Rule 6-206(1)(b). (Delmar/Cengage) * The meter base is located outdoors.
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CENTRAL AIR CONDITIONER

WATER HEATER

ATTIC EXHAUST FAN

FREEZER

M. BEDROOM

STUDY AND HALL LIGHTS AND
SMOKE DET.

F. BEDROOM AND STUDY

MAIN BATHROOM RECEPTACLE

EN SUITE BATHROOM
RECEPTACLE

FRONT OUTDOOR RECEPTACLE

SPARE

SPARE

Liay © L2
o }_}o 200 A
70 A 40 A
cer 2 ik > 02§
1-0/1 > O 0=52
ELECTRIC FURNACE | |
r’"ll'“‘\ /"_IL“‘\
3-0' o—¢0 O 4
20 A 30 A
/"_4”“‘\ /"“"‘\
b0l —T9|~8
WATER PUMP ! '
/‘JI“-\ ,_..-{_,,\
70 O O 8
J5A| | 1A
HYDRO MASSAGE BATHTUB 2810 © Q0 O-10
20A 15A
e —
HEAT/VENT/LIGHT/N. LIGHT =0 O30, ' O=id
20 A 15A
g, A
HEAT/VENT/LIGHT/N. LIGHT i B O O O-14
15A 15A
ENTRY AND FRONT QUTSIDE 5 O
LIGHTS 15 -0 O O G186
15 A 15A
i S
WORKSHOP LIGHTING 17 =0 & © 0—18
15A 15A
e R
WORKBENCH RECEPTACLES 19 =0 (Or——9-0 20
15A 15A
P —— _—
UTILITY RM RECEPTACLES 21 - O QD =22
o7
SPARE 23 O O 3 O-24
i P
SPARE 256 @ & O O 26
100 A
p-""‘l"““‘w s iy
FEEDER TO PANEL B 27 0o 90 028
’—"'-L""-., S
29 QO Gse—— O 'O—30

SPARE

Fig. 4-9 Circuit schedule of main service Panel A.
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A panelboard must have the minimum number
of overcurrent devices or positions, as required by
Rule 8-108(1, 2).

The minimum rating for a single-family resi-
dential service is 100-ampere, three-wire when

+ the area excluding the basement is 80 m2 or
more, Rule 8-200(1)(b)(i);

or

* the initial computed load is more than 14.4 kW.

The minimum rating for a single-family resi-
dential service is 60-ampere, three-wire when

* the area is 80 m? or less, Rule 8-200(1)(b)(ii);

and
» the initial computed load is less than 14.4 kW.

For this residence, Panel A provides a
200-ampere circuit breaker for the main disconnect.
Panel A also has a number of branch-circuit over-
current devices to protect the many circuits origi-
nating from this panel (Figs. 4-9 and 4-10). This
type of panel is listed by the CSA as a load centre
and as service equipment. The panel meets CEC

Fig. 4-10 Typical main panel with 200-ampere main
breaker suitable for use as service entrance equipment,
Rule 6-200(1). (Courtesy of Siemens Energy and Automation)
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requirements and is designed to accommodate full-
and half-width breakers. This panel may be surface or
flush mounted.

Panel A is located in the workshop. The place-
ment of the main disconnect is determined by the
location of the meter. The disconnect is mounted
at an accessible point as close as possible to the
place where the service conductors enter the build-
ing. The local utility company generally decides
where the supply service, or the consumer’s ser-
vice in the case of an underground service, is to be
located, and also provides the electrician with a
meter location. The consumer’s service is the
responsibility of the electrician, and the supply ser-
vice is the responsibility of the utility.

Rule 10-624(1) states that a grounded circuit
conductor shall not be used for bonding noncurrent-
carrying equipment on the load side of the service
disconnecting means.

The panelboard must have an approved means
for attaching the bonding conductors when cable
is used (Fig. 4-11).

Bonding At the main service entrance equipment,
the grounded neutral conductor must be bonded to the
metal enclosure. For most residential-type panels,
this main bonding jumper is a bonding screw fur-
nished with the panel. This bonding screw is inserted
through the neutral bar into a threaded hole in the
back of the panel itself. The bonding screw will be
brass or green in colour and must be clearly visible
after it is in place.

As previously mentioned, Rule 10-624(1) pro-
hibits bonding the grounded neutral of a system to
any equipment on the load side of the main service
disconnect. Therefore, the brass or green main-
bonding jumper screw furnished with residential-
type panels will be inserted at the main service panel
only. This screw must be removed at subpanels, such
as Panel B in the recreation room of the residence,
Rule 10-204(1)(c). See Fig. 4-11.

Load Centre (Panel B)

When the main service panel is located some dis-
tance from areas having many circuits and/or a
heavy load concentration such as the kitchen or
laundry of this residence, it is recommended that
load centres be installed near these concentrations
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MAIN SYSTEM
GROUND
GROUND e e O e———
BUSHING JUMPER 3030
\ \ | «— CONNECTOR
\ BRASS BONDING
SERVICE Gy e e s S e S SCREW (MAY BE
ENTRANCEZ [ : | COLOURED
PORTION GREEN)
- NEUTRAL
BLOCK
(o]
0l
—  NEUTRAL
g BAR
o
o EQUIPMENT
o] |_—— BONDING
o] |lo TERMINAL
o] |o 10-32 SCREW / BLOCK
ol lo CONNECTING BUS TO
ol lo PANEL ENCLOSURE.
DISTRIBUTION p
PORTION o
o |o
o
f o BRANCH-CIRCUIT
BONDING
o CONDUCTORS
o]
(o]
0
0
0
(o]
\ ,
TERMINAL FOR CONNECTION OF EQUIPMENT BRANCH CIRCUIT NEUTRALS, MUST BE
BONDING CONDUCTORS (BARE) NOT MORE THAN WHITE OR GREY INSULATED. ONLY ONE
THREE EQUIPMENT GROUNDING CONDUCTORS PER NEUTRAL CONDUCTOR (IDENTIFIED
SET-SCREW. TERMINAL BAR MUST BE BONDED TO CONDUCTOR) PER SET-SCREW. MUST BE
PANEL ENCLOSURE. THE EQUIPMENT BONDING BUS INSULATED FROM EXCLOSURE EXCEPT
SHALL NOT BE CONNECTED TO THE NEUTRAL BAR. AT SERVICE ENTRANCE EQUIPMENT,
RULE 4-020 AND 4-028

Fig. 4-11 Connections of service neutral, branch-circuit
neutral, and equipment bonding conductors at main panel
boards, Rule 10-210(1)(b).

of load. The individual branch-circuit conductors are
run to the load centre, not back to the main panel.
Thus, the branch-circuit runs are short, and line losses
(voltage and wattage) are less than if the circuits had
been run all the way back to the main panel.

To determine if there is a cost or benefit and if
the lower line losses justify installing an extra load
centre, the cost of material and labour to install the
extra load centre should be compared to the cost of
many branch circuits run back to the main panel.

A typical load centre is shown in Fig. 4-12.

The circuit schedule for Panel B, the load
centre of the residence, is shown in Fig. 4-13.

Fig. 4-12 Typical load centre of the type installed for
Panel B in this residence. The bonding screw will be
removed from the neutral block, Rule 10-204(1)(c). (Courtesy

of Siemens Energy and Automation)
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L1i %E 12 o
CO0Q000
- S 204 cer

| | 3
DRYER . A COUNTER-MOUNTED RANGE
30 O1—¢0 "0 4
15A 40 A
—_ ——
DISHWASHER 5=0" O —0 1 O— 6
15A ! OVEN
e /"'JI-"“\
STRANGE DTS (- T 10, O 8
15A 15 A
~ 5 o REC. ROOM LIGHTING AND
e
LAUNDRY RECEPTACLES =~ 9 —© ©~ 10 \WET BAR RECEPTACLES
54 || 154
WASHER RECEPTACLE 11 O O— O- 12 REC. ROOM LIGHTING
20iA - AND RECEPTACLES
_——— —
COUNTER RECEPTACLES 13 —O o- 14 REC.ROOMLIGHTING AND
ik Ak RECEPTACLES
COUNTER AND ISLAND S —
RECEPfACLES gi 15 -0 O— O O 16 LIVING ROOM RECEPTACLES
15 A 15 A
e —
MICROWAVE 170 © O O- 18 SPARE
15 A 15 A
a— — WASHROOM AND LAUNDRY
15A 15 A
g —_—
REFRIGERATOR 210 © O-22 GARAGE
= 15A 15A
_—I e P
KIT. DINING AREA RECEPTACLE 23 O O-24 CENTRAL VACUUM

Fig.4-13 Circuit schedule of Panel B.

Panel B is located in the recreation room. It is fed by SERVICE ENTRANCE CONDUIT SIZING
three No. 3 R90 XLPE (without jacket) conductors To determine the proper size of conduit, the conduit

run in a 27-mm conduit originating from Panel A. fill is calculated using the same method as outlined
- The conductors are protected by a 100-ampere, 240- in Unit 3.
for volt, two-~pole overcurrent device in Panel A. The Look up the necessary data in Tables 8, 9, and 10
I'be overcurrent protection can be fuses or circuit break-  (see Table 4-1). If all the wires in the conduit are the

| ers. This is discussed later in this unit. same size, Table 6 may be used for sizing the conduit.
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PANEL A
CONDUCTOR SIZE BASED ON
AMPACITY PER TABLE 2

PANEL B
CONDUCTOR SIZE BASED ON
AMPACITY PER TABLE 2

Three No. 2/0 RW30 XLPE
(600 V)
Conduit Size

141.9 mm? x 3 = 425.7 mm?

41 mm

Three No. 3 RS0 XLPE 61.99 mm2 x 3 = 485.97 mm?

(without jacket) (600 V)

Conduit Size 27 mm

Table 4~-1 Examples of conduit fill for the service entrance conduit and subpanel feeder conduit in this residence.
Obtain conductor area from Table 10. Using Table 8, conduit fill is 40%. Use Table 9’s 40% column for correct conduit

size.

METER

Some electric utility companies offer lower rates for
water heaters and electric heating units connected to
separate meters. The residence in the plans has only
one meter, so all lighting, heating, cooking, and water
heater loads are registered on that meter.

For a typical overhead service, a meter socket
(Fig. 4-14) is mounted at eye level on the outside
wall of the house; see Fig. 4-7. The service conduit
is connected to the socket at a threaded boss (hub) on
the top of the socket.

If non-metallic raceways are used for the ser-
vice conduit, the method of fastening to the top
of the meter socket will be different. If a threaded
hub is used at the meter socket, a short threaded
conduit nipple will be required along with a non-
metallic female adapter. Non-metallic raceways
must never be threaded directly into a threaded boss,

Rule 12-1112(2). Alternatively, a non-metallic
hub may be used in place of the threaded hub, with
the raceway fastened with solvent cement.

This conduit would be carried down into the
basement, connecting to the main service equip-
ment as shown in Figs. 4-7, 4-8, and 4-15. Proper
fittings must be used, and the conduit must be sealed
where it penetrates the wall; see Fig. 4-15.

This is required by Rule 6-312(1) and is
achieved by placing duct sealing compound around
the conductors in the raceway where they pass
through the wall. Rule 6-312 also requires that the
service raceway be suitably drained, either inside
or outside the building. However, if the service race-
way terminates in the top of the service box, the
drain must be outdoors. This is usually accom-
plished by drilling a small hole in the bottom of
the “L” fitting on the outside of the building. The

— - e

Fig. 4-14 Typical meter socket. (Courtesy of Schnesdes Electri)
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RULE 6-312(1) REQUIRES THAT WHEN RACEWAYS /
PASS THROUGH AREAS HAVING GREAT TEMPERATURE

DIFFERENCES, SOME MEANS MUST BE PROVIDED TO

PREVENT PASSAGE OF AIR BACK AND FORTH THROUGH THE

RACEWAY. NOTE THAT OUTSIDE AIR IS DRAWN IN THROUGH |\« o
THE CONDUIT WHENEVER A DOOR OPENS. COLD OUTSIDE

AIR MEETING WARM INSIDE AIR CAUSES THE
CONDENSATION, WHICH CAN CAUSE

RUSTING AND CORROSION OF VITAL ELECTRICAL
COMPONENTS. EQUIPMENT HAVING MOVING PARTS, SUCH o
AS CIRCUIT BREAKERS, SWITCHES, AND CONTROLLERS, IS e
ESPECIALLY AFFECTED BY MOISTURE. SLUGGISH - \
ACTION OF THE MOVING PARTS IN THIS EQUIPMENT IS

UNDESIRABLE. \INSULATION OR OTHER

SEALING COMPOUND
INSULATION OR OTHER TYPE OF SEALING COMPOUND CAN
BE INSERTED AS SHOWN TO PREVENT THE PASSAGE OF AIR.

THE RACEWAY MUST ALSO BE DRAINED WHERE IT ENTERS THE
BUILDING. THIS IS USUALLY ACCOMPLISHED BY DRILLING A L
SMALL HOLE IN THE BOTTOM OF THE L FITTING.

}

OUTSIDE

T

e s e e St

R el Tl T p—

\
\\._

| Fig. 4-15 Installation of conduit through a basement wall. (Courtesy of CSA Group)

H

i

1 electrician’s responsibility is to install the consumer’s

f service conductors from the load side of the meter to

[ the line side of the main service disconnect switch.

i Fig. 4-16 shows one type of underground meter

° base. Note the following:

f 1. The line side is designated. This is important

e because if the meter is installed with the load
at the top it will run backward.

1

2. These are stud-type connections and require
the line conductors to have a crimped-on lug.

3. Line-side insulated jaw shrouds help prevent
shocks and faults when installing the cover
on the meter base.

4. Insulated support blocks also provide a location
1 for a flat-rate water heater lug, which can be
bolted on at the three o’clock position.

nection without too much cable bending.

6. Two-position ground lug. This is not nor-
mally used because the meter base is bonded
through the grounded service conductor (neu-
tral), Rule 10—624(1).

7. Th‘? enc}osure is 450 x 300 x 112'5_ mm Fig. 4-16 An underground type of meter base with studs
which gives plenty of room for pulling in for utility connection of line conductors. (Courtesy of Thomas & Betis
conductors and terminating the lugs. Tncorporated)

l 5. Load-side lugs are angled for ease of con-
|

E————
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8. The knockouts are provided for the conduit
from the transformer to the meter base and
for the conduit to the main disconnect.

GROUNDING—WHY GROUND?

Electrical systems and their conductors are grounded
to minimize voltage spikes when lightning strikes,
or when other line surges occur. Grounding stabi-
lizes the normal voltage to ground.

Electrical metallic tubing (EMT) and equip-
ment are grounded so that the equipment voltage
to ground is kept to a low value. In this way, the
shock hazard is reduced.

Proper grounding means that overcurrent
devices can operate faster when responding to
ground faults. Effective grounding occurs when a
low-impedance (opposition to AC current flow)
ground path is provided. A low-impedance ground
path means that there is a high value of ground-
fault current. As the ground-fault current increases,
there is an increase in the speed with which a fuse
will open or a circuit breaker will trip. Thus, as the
overcurrent device senses and opens the circuit
faster, less equipment damage results. This inverse
time characteristic means that the higher the value
of current, the less time it will take to operate the
overcurrent device.

Rule 10-500 and Appendix B provide the pur-
pose and requirements for effective grounding in
an electrical system. The arcing damage to electri-
cal equipment and conductor insulation is closely
related to the value of I°t, where

I = current flowing from phase to ground, or from
phase to phase, in amperes

t = time needed by the overcurrent device to open
the circuit, in seconds

It is measured in ampere-squared-seconds.

This expression shows that there will be less
equipment and/or conductor damage when the fault
current is kept to a low value and when the time
that the fault current is allowed to flow is kept to a
minimum.

Grounding electrode conductors and equipment-
grounding conductors carry an insignificant amount
of current under normal conditions. However, when

NEL

a ground fault occurs, these grounding conductors
must be capable of carrying whatever value of fault
current might flow for the time it takes the over-
current protective device to clear the fault.

GROUNDING ELECTRODE SYSTEMS
In the grounding electrode system, rather than
grounding a single item such as the neutral con-
ductor, the electrician must be concerned with
grounding and bonding together an entire system.
The term system means the service neutral con-
ductor, the grounding electrode, cold water pipes,
gas pipes, service entrance equipment, and jumpers
installed around meters. If any of these system parts
become disconnected or open, the integrity of the
grounding system is maintained through other paths.
This means that all parts of the system must be tied
(bonded) together.

Fig. 4-17 and the following steps illustrate what
can happen if an entire system is not grounded:

1. A live wire contacts the gas pipe. The bond-
ing jumper (A) is not installed originally.

2. The gas pipe now has 120 volts with respect
to ground. The pipe is hot.

3. The insulating joint in the gas pipe results in
a poor path to ground; assume the resistance
is 8 ohms.

4. The 20-ampere overcurrent device does not
open:

1= % L amperes = 15 amperes

5. If a person touches the hot gas pipe and the
water pipe at the same time, current flows
through the person’s body. If the body resis-
tance is 12 000 ohms, the current is

E 120

[==

R 12000

amperes = 0.01 amperes

This value of current passing through a
human body can cause death,

6. The overcurrent device is “seeing” (15 + 0.01)
amperes = 15.01 amperes; however, it still
does not open.
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BONDING

WATER PIPING
C

INSULATING

20-AMPERE
OVERCURRENT
DEVICE

g\ P

(r:

74N

JOINT @
GAS PIPING
] | M

Fig.4-17 System grounding. See text for explanation.

7. If the system grounding concept had been
used, bonding jumper A would have kept the
voltage difference between the water pipe
and the gas pipe at zero, Rule 10—406(2)(a)
and (4). Thus, the overcurrent device would
open. If 3.05 m of No. 6 AWG copper wire is
used as the jumper, the resistance of the
jumper is 0.003 95 ohms. The current is

E 120

I =—=—— amperes = 30 380 amperes
R 0.003 95

(In an actual system, the impedance of all
parts of the circuit is much higher, resulting
in a much lower current. The current,
however, would be high enough to cause the
overcurrent device to open.)

Advantages of System Grounding*

To appreciate the concepts of proper grounding, let
us review some important CEC rules.

Rule 10-002 sets out the objectives of ground-
ing and bonding, summarized as follows:

* to protect life from the danger of electric shock

* to limit the voltage on a circuit

* to facilitate the operation of electrical appa-
ratus and systems

* to limit voltage on a circuit when exposed to
lightning

* to limit AC circuit voltages to ground to
150 volts or less on circuits supplying interior
wiring systems.

* |Courtesy of CSA Group)

Section 0 provides definitions for the terms
associated with grounding and bonding electrical
systems.

Bonding A low impedance path obtained by per-
manently joining all non-current-carrying metal
parts to ensure electrical continuity. Any current
likely to be imposed must be conducted safely.

Grounding A permanent path to earth with suffi-
cient ampacity to carry any fault current liable to
be imposed on it.

Bonding Conductor A conductor that connects the
non-current-carrying parts of electrical equipment
to the service equipment or grounding conductor.

Grounding Conductor The conductor used to con-
nect the service equipment to the grounding electrode.

» The potential voltage differences between the
parts of the system are minimized, reducing
the shock hazard.

* The impedance of the ground path is mini-
mized. This results in a higher current flow
in the event of a ground fault: the lower the
impedance, the higher the current flow. This
means that the overcurrent device will open
faster under fault conditions.

Methods of Grounding

Fig. 4-6 shows that the metal cold water pipes, the
service raceways, the metal enclosures, the service
switch, and the neutral conductor are bonded
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together to form a grounded system, Rules 10-406(2)
and 10-700.

Regarding the residence in this text, the ground-
ing electrode will be the service water pipe from the
public water main. This is considered an “in-situ”
grounding electrode, as outlined in Rule 10-700(4).

Where a driven ground rod, as approved by
Rule 10-700(2)(a), is the grounding electrode, the
size of the grounding electrode conductor that is the
sole connection to the driven rod shall not be smaller
than the requirements of Rule 10-812.

If the driven ground rod is not selected as the
grounding electrode, any one of these items may
be used: at least 6 m of bare copper conductor not
smaller than No. 4 AWG (Table 43) or an approved
manufactured ground plate; see Fig. 4-18. Both of
these may be encased in concrete at least 50 mm
thick and in direct contact with the earth, such as
near the bottom of a foundation or footing.

Either a bare copper conductor or a ground plate
may be used when buried directly in the ground to
a minimum depth of 600 mm below finished grade.

There is little doubt that this concept of a grounded
system gives rise to many interpretations of the CEC.
The electrician must check with the local inspection
authority to determine the local interpretation.

Refer to Fig. 4-19.

GROUNDING THE SERVICE WHEN
NON-METALLIC WATER PIPE IS USED

It is quite common to find the main water supply
to a residence installed with plastic (PVC) piping.
Even interior water piping systems may be non-
metallic piping. Some local building codes prohibit

Fig. 4-18 Ground plates. (Courtesy of Thomas & Betts Incorporated)
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the use of non-metallic piping. Regardless, it is
important that the electrical system be properly
grounded and bonded.

When non-metallic water systems are used, one
of the other methods of system grounding as iden-
tified in Rule 10-700 must be used. One of the most
common methods is the ground plate.

If the water piping inside the building is non-
metallic, and only short isolated sections of metal
water piping are used, such as at water heaters, these
short sections may not need to be bonded. Check
with your local inspection authority to be sure.
Sometimes, the water system inside the dwelling is
metallic, even though the water service to the street
is non-metallic. With this large amount of metal water
piping present, it must now be bonded to ground.

SUMMARY—SERVICE ENTRANCE
EQUIPMENT GROUNDING

When grounding service entrance equipm*ent,
Fig. 4-20, you must observe these CEC rules :

* The system must be grounded when the max-
imum voltage to ground does not exceed
150 volts, Rule 10-106(1)(a).

* The system must be grounded if it incorpo-
rates a neutral conductor, Rule 10-106(1)(b).

» All grounding schemes shall be installed so
that no objectionable currents will flow over
the grounding conductors and other ground-
ing paths, Rule 10-200(1,2).

¢ The ground electrode conductor must be con-
nected to the supply side of the service-
disconnecting means. It must not be con-
nected to any grounded circuit conductor on
the load side of the service disconnect, Rule
10-204(1)(b)(d).

* The neutral conductor must be grounded,
Rule 10-210(1).

» All electrical equipment must be bonded
together. See Rule 10—400.

e The grounding electrode conductor used to
connect the grounded neutral conductor to
the grounding electrode must not be spliced,
except with thermit welding or compression
connectors. Rule 10-806(1).

* |Courtesy of CSA Group)
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Fig. 4-19 Rule 10-700 lists many options for a system grounding electrode. Here a concrete-encased No. 3 AWG bare cop-
per conductor is laid near the bottom of the footing, encased by at least 50 mm of concrete. The minimum length of the con-
ductor is 6 m. See Rule 10-700(3)(a) and Table 43. Note: The CEC requires that if more than one ground electrode connection
exists, they must be bonded together, Rule 10~702. (Courtesy of CSA Group)

* The grounding electrode conductor must be
sized according to Rule 10-812.

* The minimum conductor size for concrete-
encased electrodes is found in 7able 43 and
Rule 10-700(3).

* The metal water supply system shall be
bonded to the grounding conductor of the
electrical system, Rule 10-406(2) and
Appendix B.

* When more than one grounding means exist,
they must be bonded together, Rule 10-702.

* The grounding electrode conductor must
be a minimum of No. 6 AWG copper if the
run is exposed and without metal covering
or protection. This wire must be free
from exposure to mechanical injury,
Rule 10-806(2).

* The grounding electrode conductor shall be
copper, and may be insulated or bare,
Rule 10-802.

* Bonding shall be provided around all insu-
lating joints or sections of the metal water
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ARTIFICIAL GROUNDING ELECTRODES,
RULE 10-700(2)(a).

Fig. 4-20 One method that may be used to provide proper grounding and bonding of service entrance equipment for a

typical single-family residence.

piping system that may be disconnected,
Rule 10-902(3).

* The connection to the grounding electrode
must be accessible, Rule 10-902(2).

» The grounding conductor must be con-
nected tightly using the proper lugs, connec-
tors, clamps, or other approved means,
Rule 10-908(1).

Fig. 4-21 illustrates three common types of
ground electrodes. These are connected to the neu-
tral in the main service disconnect.

This residence is supplied by three No. 2/0 RW90
XLPE service entrance conductors. According to
Rule 10-812, a No. 6 AWG grounding electrode con-
ductor is required. This conductor may be run in con-
duit or cable armour, or it may be run exposed if it is
not subjected to severe physical damage.

BONDING

Bonding must be done at service entrance equipment.
Rule 10606 lists the methods approved for bonding
this equipment. Grounding bushings (Fig. 4-22) and
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- Fig.4-21 Three common types of grounding electrodes: (1) a field-assembled grounding electrode, (2) two rod electrodes,
I- and (3) a plate electrode. In many instances, the grounding electrode is better than the service water pipe (in-situ) ground
is electrode, particularly since the advent of non-metallic (PVC) water piping systems.

It.

\Z
d

bonding jumpers are installed on metallic service
conduits at service entrance equipment to ensure a
low-impedance path to ground if a fault occurs on
any of the service entrance conductors, Rule 10-606.
Service entrance conductors are not fused at the
service head. Thus, the short-circuit current on these

conductors is limited only by the capacity of the
transformer or transformers supplying the service
equipment, and the distance between the service equip-
ment and the transformers. The short-circuit cur-
rent can easily reach 20 000 amperes or more in
dwellings. Fault currents can easily reach 40 000
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Fig. 4-22 Insulated ground bushing with bonding lug.

{Delmar/Cengage|

to 50 000 amperes or more in apartments, condo-
miniums, and similar dwellings. These installations
are usually served by a large-capacity transformer
located close to the service entrance equipment and
the metering. This extremely high fault current
produces severe arcing, which is a fire hazard.
The use of proper bonding reduces this hazard to
some extent.

Fault current calculations are presented later
in this unit. The section “Electrical Wiring:
Commercial™ covers these calculations in much
greater detail. Rule 10-614(1)(b) states that the
main bonding jumpers must have an ampacity
not less than the corresponding bonding con-
ductor. The grounding lugs on grounding bush-
ings are sized by the trade size of the bushing.
The lugs become larger as the size of the bushing
increases.

The conductor may be sized according to
Table 41 if used in conjunction with two locknuts
and a ground bushing.

Rule 12-906(2) states that if No. 8 AWG or
larger conductors are installed in a raceway, an
insulating bushing or equivalent must be used,
Fig. 4-23. This bushing protects the wire from
shorting or grounding itself as it passes through
the metal bushing. Combination bushings can be
used. These bushings are metallic (for mechani-
cal strength) and have plastic insulation. When
conductors are installed in EMT, they can be pro-
tected at the fittings by the use of connectors with
insulated throats.

If the conduit bushing is made of insulating
material only, as in Fig. 4-23, two locknuts must
be used; see Fig. 4-24 and Rule 10-610(b).

NEL

Fig. 4-23 [Insulated plastic bushings. (Demar/Cengage)

BUSHINGS (APPLICATION)

Fig. 4-24 The use of locknuts. See Rule 10-610(b).

Figs. 4-25 to 4-28 show various types of ground
clamps. These clamps and their actual connection to
the grounding electrode must conform to
Rule 10-908.

MULTIPLE METER INSTALLATIONS

If multiple meter sockets are required, as in a
multifamily dwelling or a water heater metered at a
different rate, a multigang meter socket is used.
This is a single enclosure that is capable of hold-
ing more than one meter. The meter socket is rated
in two ways: the maximum ampacity of the con-
sumer service conductors feeding the enclosures
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Fig. 4-25 Typical ground clamps used in residential
systems.

NO. 6 AWG COPPER BONDING JUMPER
FOR WATER METER

WATER PIPE

Fig. 4-26 Armoured grounding conductor connected
with ground clamp to water pipe. (Courtesy of Thomas & Betts Incorporated)

Fig. 4-27 Ground clamp of the type used to bond
(jumper) around water meter.

and the maximum ampacity that may be taken off
each meter position. A commonly used two-position
meter socket may have a maximum ampacity of
200 amperes on the consumer service with a max-
imum ampacity of 100 amperes per meter position.

Since the system grounding conductor is con-
nected in the service box of each service, the
grounding of the multiple services is the same as
for a single service, that is, based on the individual
service ampacity and Rule 10-812. However,
Rule 10-204(1)(b) states that the system ground-
ing connection may be made in other service equip-
ment located on the supply side of the service
disconnects. The service can therefore be grounded
at the multigang meter socket by connecting the
neutral conductor to the grounding electrode using
a conductor sized according to Rule 10-812, based
on the ampacity of the consumer service conduc-
tors feeding the meter socket.

Fig. 4-28 Ground clamp of the type used to attach
ground wire to well casings. {Courtesy of Thomas & Betts Incorporated)

If the raceway system from the meter socket is
metallic, the requirements for bonding the raceway to
the service enclosure, as previously outlined in this
section, will apply. If the service raceways are non-
metallic, a separate bonding conductor is required,
sized according to 7able 16, based on the ampacity of
the individual service overcurrent device ratings.
Because the neutral conductor is already bonded to
the case of the meter enclosure and connected to the
grounding electrode from this location, you must
apply Rule 10-204(1)(c). This rule requires that the
neutral not be connected to the enclosure in the ser-
vice box of the individual services. Therefore, the
brass or green bonding screw must be removed from
the neutral bar in the individual services.

The neutral must be bonded to only non-cur-
rent-carrying components in one location, that
location being at the point at which the neutral
is connected to the system-grounding electrode.
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BRANCH-CIRCUIT OVERCURRENT
PROTECTION

The overcurrent devices commonly used to protect
branch circuits in dwellings are fuses and circuit
breakers. CEC Section 14 discusses overcurrent
protection.

Plug Fuses, Fuseholders,
and Fuse Rejecters

Fuses are a reliable and economical form of over-
current protection. Rules 14-200 through 14-212
give the requirements for plug fuses, fuseholders,
and fuse rejecters, including’Ec

* Plug fuses shall not be used in circuits
exceeding 125 volts between conductors. An
exception to this rule is for a system having
a grounded neutral where no conductor is
more than 150 volts to ground. (This is the
case for the 120/240-volt system used in the
residence in the plans.) See Rule 14-202.

* Plug fuses shall have ratings between 0 and
30 amperes, Rule 14-208(1).

* Plug fuses with low melting-point character-
istics shall be marked “P”, and fuses with
time delay shall be marked “D”, Rule 14-200.

¢ The screw shell of the fuseholder must be
connected to the load side of the circuit.

* Where there is an alteration to a fuse panel,
the fuse panel is required to be equipped with
fuse rejecters that are designed to limit the

* (Courtesy of CSA Group)
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size of fuse that can be accommodated by
the fuseholder, Rule 14-204(2).

» All new installations require fuse rejecters.

* Fuse rejecters are classified at 0 to 15 amperes,
16 to 20 amperes, and 21 to 30 amperes. The
reason for this classification is given in the fol-
lowing paragraph.

When the electrician installs fusible equip-
ment, the ampere rating of the various circuits
must be determined. Based on this rating, a fuse
rejecter of the proper size is inserted into the
fuseholder. The proper Type P or D fuse is then
placed in the fuseholder. Because of the rejecter,
the fuse is non-interchangeable, as required by
Rule 14-204(1). For example, assume that a
15-ampere rejecter is inserted for the 15-ampere
branch circuits in the residence. It is impossible
to substitute a fuse with a larger rating without
removing the 15-ampere rejecter. If any alter-
ations are made to an existing panel, these
rejecters must be installed, Rule 14-204(2).
Fig. 4-29 shows typical fuse rejecters.

Often the term Dual-Element is used when
referring to time-delay fuses. Dual-Element is a
trade name of fuses made by Bussmann Division,
Cooper Industries. The term is used in much the
same manner as Romex is used for type NMD90
cable and BX is used for armoured cable.

CSA has classified fuses according to their size
and operating characteristics. Table 4-2 provides
information on common low-voltage fuses.

15-AMPERE FUSE

15-AMPERE
FUSE REJECTER

15-AMPERE FUSES AND
FUSE REJECTERS ARE
COLOUR-CODED BLUE

20-AMPERE FUSE

20 AMPERE
m———

20-AMPERE
FUSE REJECTER

20-AMPERE FUSES AND
FUSE REJECTERS ARE
COLOUR-CODED RED

30-AMPERE FUSE

30 AMPERE

b B b

NO REJECTION
WASHER USED

30-AMPERE FUSES
ARE COLOUR-
CODED GREEN

Fig. 4-29 Type C fuses and rejection washers are designed to prevent overfusing in panelboards that use plug fuses.
Rejection washers can be added to any existing panelboard that uses plug fuses.
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FUSE
CLASS | VOLTAGE CURRENT COMMENTS
Plug Fuses
C 125 0-30 Has rejection feature when used with rejection washers; low melting-point plug fuses
are Type P nontime-delay and Type D time-delay
8 125 0-30 May be time-delay or nontime-delay
Cartridge Fuses
H 250 0-8600 Standard fuse used in circuits where interrupting capacity of 10 000 A or less is required
600
J 250 0-600 UL class J: 200 000-A interrupting capacity, smaller physical dimensions than Class H
600 fuses
K 250 0-600 UL class K: will be found on equipment imported from the United States
600
£ 250 601 - 6000 UL class L: high temperature fuses
600
R 250 0-600 UL class R: rejection fuse may be placed in a standard fuseholder, but standard fuses will
600 not fit in a Class R fuseholder
T 250 0-600 UL class T: has smaller physical dimensions than either Class H or Class J
600

Table 4-2 Characteristics of common low-voltage fuses.

Dual-Element Fuse (Time-Delay)

Fig. 4-30 shows the most common type of Dual-
Element cartridge fuse. These fuses are available
in 250-volt and 600-volt sizes with ratings from 0 to
600 amperes, and have an interrupting rating of
200 000 amperes.

A Dual-Element fuse has two fusible elements
connected in series: the overload element and the
short-circuit element. When an excessive current
flows, one of the elements opens. The amount of
excess current determines which element opens.

The electrical characteristics of these two ele-
ments are very different. Thus, a Dual-Element fuse
has a greater range of protection than the single-
element fuse. The overload element opens circuits
on current in the low overload range (up to 500% of
the fuse rating). The short-circuit element handles
only short circuits and heavy overload currents
(above 500% of the fuse rating).

Overload Element The overload element opens
when excessive heat is developed in the element.
This heat may be the result of a loose connection or
poor contact in the fuseholder or excessive current.
When the temperature reaches 138°C, a fusible
alloy melts and the element opens. Any excessive
current produces heat in the element. However, the
mass of the element absorbs a great deal of heat
before the cutout opens. A small excess of current
will cause this element to open if it continues for

a long period of time. This characteristic gives the
thermal cutout element a large time lag on low over-
loads (up to 10 seconds at a current of 500% of the
fuse rating). In addition, it provides very accurate
protection for prolonged overloads.

Short-Circuit Element The capacity of the short-
circuit element is high enough to prevent it from
opening on low overloads. This element is designed
to clear the circuit quickly of short circuits or heavy
overloads above 500% of the fuse ratings.

OVERLOAD ELEMENT
(B)

Fig. 4-30 Cartridge-type Dual-Element fuse (A) is a
250-volt, 100-ampere fuse, The cutaway view in (B) shows
the internal parts of the fuse. (Courtesy of Cooper Industries)
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Dual-element fuses are used on motor and

appliance circuits where the time-lag characteristic of

the fuse is required. Single-element fuses do not
have this time lag. Such fuses blow as soon as an
overcurrent condition occurs. The homeowner may
be tempted to install a fuse with a higher rating.
The fuseholder adapter, however, prevents the
use of such a fuse. Thus, the dual-element fuse is
recommended for this type of situation.

The standard plug fuse can be used only to
replace blown fuses on existing installations. A
Type P or D fuse is required on all new installa-
tions. The cartridge fuse is a dual-element fuse that
is available in both ferrule and knife blade styles.

Cartridge Fuses

Fig. 4-31 shows another style of small-dimension
cartridge fuse.

A type of cartridge fuse that is also in use is
rated at not over 60 amperes for circuits of 300 volts
or less to ground. The physical size of this fuse is
smaller than that of standard cartridge fuses. The
time-delay characteristics of this fuse mean that it
can handle harmless current surges or momentary
overloads without blowing. However, these fuses
open very rapidly under short-circuit conditions.

These fuses prevent over-fusing since they are
size-limiting for their ampere ratings. For example,
a fuseholder designed to accept a 15-ampere fuse will
not accept a 20-ampere cartridge fuse. In the same
manner, a fuseholder designed to accept a 20-ampere
fuse will not accept a 30-ampere cartridge fuse.

NEL

Fig. 431 Cartridge-type fuses. (Courtesy of Cooper Industries)

Class J Fuses

Another type of physically small fuse is the Class J
fuse; see Fig. 4-32. This has a high-interrupting
rating in sizes from 0 to 600 amperes in both
300-volt and 600-volt ratings. Such fuses are used
as the main fuses in a panel having circuit-breaker
branches; see Fig. 4-33. In this case, the Class J
fuses protect the low-interrupting capacity break-
ers against high-level short-circuit currents.

Most manufacturers list service equipment,
metering equipment, and disconnect switches that
make use of Class J fuses. This allows the safe
installation of this equipment where fault currents
exceed 10 000 amperes, such as on large services, and
any service equipment located close to pad-mounted
transformers, such as are found in apartments, con-
dominiums, shopping centres, and similar locations.

The standard ratings for fuses range from 1 ampere
to 6000 amperes.

Circuit Breakers

Installations in dwellings normally use thermal-
magnetic circuit breakers. On a continuous overload,
a bimetallic element in such a breaker moves until it

Fig. 4-32 Class J fuses rated at 30, 60, 100, 200, 400, and 600 amperes, 300 volts. (Courtesy of Cooper Industries]
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AVAILABLE FAULT

CURRENT
20 800 AMPERES

3]

TO OR GREATER THAN THE
AVAILABLE FAULT CURRENT
AT SUPPLY TERMINALS.

———y e e e

SERVICE EQUIPMENT MUST HAVE beee
SHORT-CIRCUIT RATING EQUAL

MEETING REQUIREMENTS OF RULE 14-012 FOR FUSED MAIN/FUSED BRANCH CIRCUITS.

FUSES MUST HAVE 20 B00-AMPERE
INTERRUPTING RATING OR GREATER.

Fig. 4-33 Fused main/fused branch circuits. (Courtesy of C34 Group)

unlatches the inner tripping mechanism of the breaker.
Momentary small overloads do not cause the element
to trip the breaker. If the overload is heavy or if there
is a short circuit, a magnetic coil in the breaker causes
it to interrupt the branch circuit instantly.

Rules 14-300 to 14-308 give the requirements
for circuit breakers, including*

* Circuit breakers shall be trip-free so that the
internal mechanism will trip to the OFF position
even if the handle is held in the ON position
(which can be achieved using a lock-on device),
Rule 14-300(1).

* Breakers shall indicate clearly whether they
are on or off, Rule 14-300(2).

* A breaker shall be non-tamperable so that it
cannot be readjusted (trip point changed)
without dismantling the breaker or breaking
the seal.

* The rating shall be durably marked on the
breaker. For small breakers rated at
100 amperes or less and 600 volts or less,
the rating must be moulded, stamped, or
etched on the handle (or on another part of
the breaker that will be visible after the cover
of the panel is installed).

* Every breaker with an interrupting rating
other than 5000 amperes shall have this rat-
ing marked on the breaker. Most have a
10 000-ampere mimimum rating.

* Circuit breakers rated at 120 volts and
347 volts and used for fluorescent loads shall

* (Courtesy of CSA Group)

not be used as switches unless marked
“SWD”, Section 30-710(3)(b).

Most circuit breakers are ambient temperature
compensated. This means that the tripping point
of the breaker is not affected by an increase in the
surrounding temperature. An ambient-compensated
breaker has two elements. One element heats up
due to the current passing through it and the
heat in the surrounding area. The other element
heats up because of the surrounding air only. The
actions of these elements oppose each other. Thus,
as the tripping element tends to lower its tripping
point because of external heat, the second element
opposes the tripping element and stabilizes the
tripping point. As a result, the current through
the tripping element is the only factor that causes
the element to open the circuit. It is a good practice
to turn the breaker off and on periodically to
“exercise” its moving parts.

Table 13 gives the standard ampere ratings of
fuses and circuit breakers up to 600 amperes.

INTERRUPTING RATINGS FOR FUSES
AND CIRCUIT BREAKERS*
Rule 14-012(a) states that all fuses, circuit breakers,
and other electrical devices that break current shall
have an interrupting capacity sufficient for the voltage
employed and for the current that must be interrupted.
According to Rule 14-012(a) and Appendix B,
all overcurrent devices, the total circuit imped-
ance, and the withstand capability of all circuit

* {Courtesy of CSA Group)
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components (wires, contractors, switches) must be
selected so that minimal damage will result in the
event of a fault, either line-to-line or line-to-ground.

The overcurrent protective device must be able
to interrupt the current that may flow under any
condition (overload or short circuit). Such inter-
ruption must be made with complete safety to per-
sonnel and without damage to the panel or switch in
which the overcurrent device is installed.

Overcurrent devices with inadequate inter-
rupting ratings are, in effect, bombs waiting for
a short circuit to trigger them into an explosion.
Personal injury may result, and serious damage
will be done to the electrical equipment.

Cartridge-type fuses have a maximum inter-
rupting rating of 10 000 amperes root mean square
(RMS) symmetrical. Plug fuses can interrupt no
more than 10 000 amperes RMS symmetrical.
Cartridge dual-element fuses (Fig. 4-30) and
Class J fuses (Fig. 4-32) have interrupting rat-
ings of 200 000 amperes RMS symmetrical. These
interrupting ratings are described in CSA Standard
C22.2 No. 59.1-M1987. The interrupting rating
of a fuse is marked on its label when the rating
is other than 10 000 amperes.

Short-Circuit Currents

This text does not cover in detail the methods of
calculating short-circuit currents (see the “Electrical
Wiring: Commercial” section later in this unit).
The ratings required to determine the maximum
available short-circuit current delivered by a trans-
former are the kilovolt-ampere (kVA) and imped-
ance values of the transformer. The size and length
of wire installed between the transformer and the
overcurrent device must be considered as well.

The transformers used in modern electrical
installations are efficient and have very low imped-
ance values. A low-impedance transformer having a
given kVA rating delivers more short-circuit current
than a transformer with the same kVA rating and a
higher impedance. When an electric service is con-
nected to a Jow-impedance transformer, the prob-
lem of available short-circuit current is very serious.
The possible situations are shown in Fig. 4-33.

The examples given in Fig. 4-33 show that the
available short-circuit current at the transformer
secondary terminal is 20 800 amperes.

NEL

Determining Short-Circuit Current

The local power utility and the electrical inspector
are good sources of information for determining
short-circuit current.

You can use this simplified method to deter-
mine the approximate available short-circuit current
at the terminals of a transformer.

Step 1. Determine the normal full-load secondary
current delivered by the transformer.
For single-phase transformers:

" szj\x 1000
E

For three-phase transformers:

i kVA x 1000
Ex1.73

[ = current, in amperes
kVA = kilovolt-amperes (transformer
nameplate rating)
E = secondary line-to-line voltage
(transformer nameplate rating)

Step 2. Using the impedance value given on the
transformer nameplate, find the multiplier to
determine the short-circuit current.

100
Percent impedance

Multiplier =

Step 3. The short-circuit current = normal full-load
secondary current X multiplier.

EXAMPLE: A transformer is rated at 100 kVA
and 120/240 volts. It is a single-phase transformer
with an impedance of 1% (from the transformer
nameplate). Find the short-circuit current.

For a single-phase transformer:

| _ KVA %1000
E

100 x 1000
=— - amperes
240

= 417 amperes, full-load current
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For a transformer impedance of 1%:

100
Itiplier = e —
s Percent impedance
_ 100
1
= 100

The short-circuit current = I X multiplier
= 416 amperes x 100
= 41 600 amperes

Thus, the available short-circuit current at the ter-
minals of the transformer is 41 600 amperes.

This value decreases as the distance from the
transformer increases. If the transformer imped-
ance is 1.5%,

Multiplier = %95-0 = 66.6

The short-circuit current = 416 X 66.6 amperes
= 27 706 amperes

If the transformer impedance is 2%:
100
Multiplier = -:?— =50

The short-circuit current = 416 x 50 amperes
= 20 800 amperes

Note: A short-circuit current of 20 800 amperes is
used in Figs. 4-33, 4-34, 4-35, and 4-36.

CAUTION: The line-to-neutral short-circuit cur-
rent at the secondary of a single-phase transformer
is about 1.5 times greater than the line-to-line short-
circuit current. For the previous example,

Line-to-line short-circuit current = 20 800 amperes

Line-to-neutral short-circuit current
= 20 800 x 1.5 amperes = 31 200 amperes

Note that CSA Standard C22.2 No. 47 allows the
marked impedance on the nameplate of a transformer
to vary plus or minus (+) 10% from the actual
impedance value of the transformer. Thus, for a trans-
former marked “2%Z", the actual impedance could
be as low as 1.8%Z or as much as 2.2%Z. Therefore,
the available short-circuit current at the secondary
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of a transformer as calculated above should be
increased by 10% if you wish to be on the safe side
when considering the interrupting rating of the fuses
and breakers to be installed.

An excellent point-to-point method of calcu-
lating fault currents at various distances from the
secondary of a transformer that uses different size
conductors is covered in detail in the “Electrical
Wiring: Commercial” section. It is simple and
accurate. The point-to-point method can be used to
compute both single-phase and three-phase faults.

Calculating fault currents is just as important
as calculating load currents. Overloads will cause
conductors and equipment to run hot, will shorten
their life, and will eventually destroy them. Fault
currents that exceed the interrupting rating of the
overcurrent protective devices can cause violent
electrical explosions of equipment with the poten-
tial of serious injury to personnel standing near it.
Fire hazard is also present.

PANELS AND LOAD CENTRES

Fused Main/Fused Branches (Fig. 4-33)

* Fused main/fused branch circuits must be
listed as suitable for use as service equipment.

» They must be sized to satisfy the required
ampacity as determined by service entrance
calculations and/or local codes.

» All fuses must have interrupting rating ade-
quate for the available fault current. Panel
must have short-circuit rating adequate for
the available fault current.

* For overload conditions on a branch, only the
branch-circuit fuse(s) will open. All other cir-
cuits remain energized. System is selective.”

* For short circuits (line-to-line or line-to-
neutral) and for ground faults (line-to-
ground), only the fuse protecting the faulted
circuit opens. All other circuits remain ener-
gized. System is selective.”

* See boldfaced note on page 62.

Fused Main/Breaker Branches (Fig. 4-34)

* Fused main/breaker branches must be listed
as suitable for use as service equipment.
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They must be sized to satisfy the required
ampacity as determined by service entrance
calculations and/or local codes.

Main fuses must have interrupting rating
adequate for the available fault circuit,

Panel must have short-circuit rating adequate
for the available fault current.

Main fuses must be current limiting, such
as Class J fuses, so that if a fault exceeding
the branch-circuit breaker’s interrupting rating
(ampere interrupting rating, AIR) occurs, the
fuse will limit the let-through fault current to a
value less than the maximum interrupting rat-
ing of the branch-circuit breaker. Branch-circuit
breakers generally have 10 000 amperes inter-
rupting rating.

For branch-circuit faults (L-N or L-G) exceed-
ing the branch-circuit breaker’s interrupting rat-
ing, one fuse opens, de-energizing one-half of
the panel. The system is nonselective.”

For branch-circuit faults (L-L) exceeding the
branch-circuit breaker’s interrupting rating,
both main fuses open, de-energizing the entire
panel. The system is non-selective.”

Check time—current curves of fuses and break-
ers and check the unlatching time of break-
ers to determine at what point in “time” and
“current” the breakers are slower than the cur-
rent-limiting fuses.

For normal overloads and low-level faults,
this system is selective.

* See boldfaced note on page 62.
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Breaker Main/Breaker Branches (Fig. 4-35)
(All Standard Plastic-Case Breakers)

* See

These breaker main/breaker branches must
be listed as suitable for use as service
equipment.

They must be sized to satisfy the required
ampacity as determined by service entrance
calculations and/or local codes.

Main and branch breakers must have inter-
rupting rating adequate for the available fault
current.

Panel must have short-circuit rating adequate
for the available fault current.

For overload conditions and low-level faults
on a branch circuit, only the branch-circuit
breaker will trip off. All other circuits remain
energized. The system is selective.”

For branch-circuit faults (short circuits or
ground faults) that exceed the instant trip set-
ting of the main breaker (usually five times
the breaker’s ampere rating), both the branch-
circuit breaker and main breaker trip off. For
instance, for a branch fault of 700 amperes, a
100-ampere main breaker also trips because
the main will trip instantly for faults of 500
(100 x 5) amperes or more. Entire panel is
de-energized. System is nonselective.”

Check manufacturer’s data for time—current
characteristic curves and unlatching times of
the breakers.

boldfaced note on page 62.

AVAILABLE FAULT o —

CURRENT

1
20 800 AMPERES \ |
_; E_I_l
SERVICE EQUIPMENT MUST HAVE :
SHORT-CIRCUIT RATING Eouiu.—/,/’i
TO OR GREATER THAN THE L
AVAILABLE FAULT CURRENT
AT SUPPLY TERMINALS.

MEETING REQUIREMENTS OF RULE 14-012 FOR FUSED MAIN/BREAKER BRANCH CIRCUITS.

10 000 INTERRUPTING
RATING BREAKERS

CURRENT-LIMITING FUSES MUST LIMIT
SHORT-CIRCUIT CURRENT TO PROTECT
THE BREAKERS. THE FUSES MUST HAVE AT
LEAST 20 800-AMPERE INTERRUPTING
RATING.

Fig. 4-34 Fused main/breaker branch circuits. Couresy of C3A Group)
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AVAILABLE FAULT
CURRENT
20 80O AMPERES

SERVICE EQUIPMENT MUST
HAVE A SHORT-CIRCUIT
RATING OF AT LEAST
20 800 AMPERES.

STANDARD MAIN BREAKER
MUST HAVE AT LEAST

20 800-AMPERE INTERRUPTING
RATING.

(B) MEETING REQUIREMENTS OF RULE 74-012 FOR BREAKER MAIN/BREAKER BRANCH CIRCUITS.
BREAKERS ARE STANDARD TYPE—NOT SERIES-CONNECTED TYPE.

STANDARD BRANCH CIRCUIT
BREAKERS MUST HAVE AT
LEAST 20 B00-AMPERE INTER-
RUPTING RATING.

Fig. 4-35 Breaker main/breaker branch circuits. (Courtesy of CSA Group)

Breaker Main/Breaker Branches
(Fig. 4-36) (Series Connected—
Sometimes Called Series Rated,
Rule 14-014)

* These breaker main/breaker branches must be
listed as suitable for use as service equipment.

* They must be sized to satisfy the required
ampacity as determined by service entrance
calculations and/or local codes.

* They must be listed as series connected.

Note: The terms and theory behind selective
and nonselective systems are covered in detail
in the Electrical Wiring: Commercial volume.
In all instances, you should check the
time—current curves of fuses and circuit
breakers to be installed. Also check the circuit
breaker manufacturer’s unlatching time data,
as these will help determine at what values
of current the system will be selective or non-
selective.

Fault current calculations are covered in
the Electrical Wiring: Commercial volume.

* Main breaker will have interrupting rating
higher than the branch breaker. For example:
main breaker has a 22 000-ampere interrupting
rating, whereas branch breaker has a
10 000-ampere interrupting rating.

* Panel must be listed and marked with its max-
imum fault current rating.

» For branch-circuit faults (L-L, L-N, L-G)
above the instant trip factory setting (i.e.,

200-ampere main breaker with 5 X setting:
200 x 5 = 1000 amperes), both branch and
main breakers will trip. The system is non-
selective.

For overload conditions and low-level faults
on a branch, only the branch breaker will trip.
The system is selective.

Obtain time—current curves and unlatching
time data from the manufacturer.

The panel’s integral rating is attained because
when a heavy fault occurs, both main and
branch breakers open. The two arcs in series
add impedance; thus the fault current is reduced
to a level less than the 10 000 AIR rating of the
branch-circuit breaker.

For series-rated panelboards where the avail-
able fault current exceeds the interrupting
rating of the branch-circuit breakers, the
equipment must be marked by the manufac-
turer as having a series combination inter-
rupting rating at least equal to the maximum
available fault current, Rule 14-014(d).

When panels containing low interrupting
rating circuit breakers are separated from
the equipment in which the higher inter-
rupting rating circuit breakers protecting
the panel are installed, the system becomes
a field-installed series-rated system. This
panel must be field-marked (by the installer)
and this marking must be readily visible,
Rule 14-014(e). This marking calls atten-
tion to the fact that the actual available fault
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AVAILABLE FAULT CURRENT
20800 AMPERES

3 5o
e

SERVICE EQUIPMENT MUST
HAVE A SHORT-CIRCUIT
RATING OF AT LEAST 20800
AMPERES

2o N

22000 AMPERES

BRANCH CIRCUITS.

MAIN BREAKER RATED
INTERRUPTING RATING

PANEL IS CSA
APPROVED AS “SERIES
CONNECTED"

BRANCH CIRCUIT
BREAKERS RATED
10000 AMPERES

MEETING THE REQUIREMENTS OF RULE 14—014
FOR SERIES-CONNECTED BREAKER MAIN/BREAKER

INTERRUPTING
RATING

Fig. 4-36 Breaker main/breaker branch circuits (series-connected plastic-case type). (Courtesy of CSA Group]

current exceeds the interrupting rating
of the breakers in the panel, and that the
panel is protected by properly selected cir-
cuit breakers back at the main equipment.
The label will appear on panelboards and
enclosed panelboards and may appear as
follows:

When protected by ___ A maximum HRC
___ Juse or (manufacturer’s name and type
designation) circuit breaker rated not more
than ___ A, this panelboard is suitable for
use on a circuit capable of delivering not
more than ___ A RMS symmetrical, __ 'V
maximum.

CAUTION
SERIES-RATED SYSTEM

CAUTION: Closely check the manufacturer’s
catalogue numbers to be sure that the circuit-breaker
combination you are intending to install in series is
recognized by the CSA for that purpose. This is
extremely important because many circuit break-
ers have the same physical size and dimensions,
yet have different interrupting and voltage ratings,
and have not been tested as series-rated devices. To
install these as a series combination constitutes a
violation of Rules 14-012 and 14-014, which could
be dangerous.

READING THE METER

Fig. 4-37 shows a typical single-phase watt-hour
meter with five dials. From left to right, the dials
represent tens of thousands, thousands, hundreds,
tens, and units of kilowatt-hours.

Starting with the first dial (on the left), record
the last number the pointer has passed. Continue
doing this with each dial until the full reading is
obtained. The reading on the five-dial meter in
Fig. 4-38 is 18 672 kWh.

If the meter reads 18 975 one month later
(Fig. 4-39) by subtracting the previous reading of
18 672, it is found that 303 kWh were used during
the month.

The number is multiplied by the rate per
kilowatt-hour, and the power company bills the con-
sumer for the energy used. The utility may also add
a fuel adjustment charge.

COST OF USING ELECTRICAL ENERGY
A watt-hour meter is always connected into some
part of the service entrance equipment. In residen-
tial metering, a watt-hour meter is normally
installed as part of the service entrance.

All electrical energy consumed is metered so
that the utility can bill the customer on a monthly or
bimonthly basis.

The kilowatt (kW) is a convenient unit of elec-
trical power. One thousand watts (W) is equal to
one kilowatt (kW). The watt-hour meter measures
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Fig. 4-37 Typical single-phase watt-hour meter.
(Courtesy of Landis+Gyr)

both wattage and time. As the dials of the meter
turn, the kilowatt-hour (kWh) consumption is con-
tinually recorded.

Utility rates are based on so many cents per
kilowatt-hour.

EXAMPLE: One kWh will light a 100-watt light
bulb for ten hours. One kWh will operate a
1000-watt electric heater for one hour. Therefore, if
the electric rate is 8 cents per kilowatt-hour, the use
of a 100-watt bulb for ten hours would cost 8 cents.
A 1000-watt electric heater could be used for one
hour at a cost of 8 cents.

KWh = Watts x hours _ 100 x mkWh — 1 KWh
1000 1000

The cost of the energy used by an appliance is:
_ Watts x Hours used x Cost per kWh
1000

Cost
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PROBLEM: Find the cost of operating a colour
television for eight hours. The set is rated at
175 watts. The electric rate is 9.6 cents per kWh.

SOLUTION:
Cost =Mﬁ cents = 13.4 cents
1000

Assume that a meter now reads 18 672 kWh.
The previous meter reading was 17 895 kWh. The
difference is 777 kWh.

Here is how a typical bill might look:

GENERIC ELECTRIC COMPANY
Days of Service from to Due Date
33 01-28-12 03-01-12 03-25-12
Present reading 18 672
Last reading 17 895
Kilowatt-hours 777
Rate/kWh 0.08
Amount $62.16
Total $62.16 +
applicable
taxes

Some utilities apply a fuel adjustment charge
that may increase or decrease the electric bill. These
charges, on a “per kKWh” basis, enable the electric
utility to recover from the consumer extra expenses
it might incur for fuel costs used in generating elec-
tricity. These charges can vary each time the utility
prepares the bill, without it having to apply to the
regulatory agency for a rate change.

Some utilities increase their rates during the
summer months when people turn on their air con-
ditioners. This air-conditioning load taxes the util-
ity’s generating capabilities during the peak summer
months. The higher rate structure also gives people

Fig. 4-38 The reading of this five-dial meter is 18 672 kWh.
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Fig. 4-39 One month later, the meter reads 18 975 kilowatt-hours, indicating that 303 kilowatt-hours were used during
the month.

an incentive to not set their thermostats too low, First 500 kWh @ 6.12 cents per kWh
thus saving energy. Over 500 kWh @ 10.64 cents per kWh
To encourage customers to conserve energy, a (summer rate)
utility company might offer the following rate structure: Over 500 kWh @ 8.64 cents per kWh
(winter rate)

Note: Refer to the CEC or the blueprints provided with this textbook when necessary.

1. Where does a consumer’s service start and end?

2. What are supply service conductors?

3. Who is responsible for determining the service location?

4. a. [Circle one.] The service head must be located (above) (below) the point where
the supply service conductors are spliced to the consumer’s service conductors.

b. What CEC rule provides the answer to part (a)?

5. a. What size and type of conductors are installed for this service?

b. What size conduit is installed?

c. What size grounding electrode conductor (system grounding conductor) is installed?
(Not neutral)




NEL

11.

12,

13.

. When a service mast is extended through a roof, must it be guyed?
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d. Is the grounding electrode conductor insulated, armoured, or bare?

. How and where is the grounding electrode conductor attached to the water pipe?

. What are the minimum distances or clearances for the following?

a. Supply service conductors, clearance over private driveway

b. Supply service conductors, clearance over private sidewalks

c¢. Supply service conductors, clearance over alleys

d. Supply service conductors, clearance over a roof having a roof pitch that may be
walked on. (Voltage between conductors does not exceed 300 volts.)

e. Supply service conductors, horizontal clearance from a porch

f. Supply service conductors, clearance from a window or door

What size ungrounded conductors are installed for each of the following residential
services? (Use type RW90 XLPE copper conductors.)

a. 60-ampere service No. RW90 XLPE copper
b. 100-ampere service No. RW90 XLPE copper
c¢. 200-ampere service No. RW90 XLPE copper

. What size grounding electrode conductors are installed for the services listed in

Question 9? (Rule 10-812)

a. 60-ampere service No. AWG grounding conductor
b. 100-ampere service No._____ AWG grounding conductor
¢. 200-ampere service No. AWG grounding conductor

What is the recommended height of a meter socket from the ground?

a. What is the minimum length of conductor that must be left extending out of the
service head?

b. What CEC rule covers this?

What are the restrictions on the use of bare neutral conductors?
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14. How far must mechanical protection be provided when underground service conductors
are carried up a pole?

15. What is the maximum number of consumer’s services allowed without special permission?
Quote the CEC rule.

16. Complete the following table by filling in the columns with the appropriate information.

CIRCUIT AMPERE WIRE
NUMBER RATING POLES VOLTS SIZE

A. LIVING ROOM
RECEPTACLE OUTLETS

B. WORKBENCH
RECEPTACLE OUTLETS

C. WATER PUMP

D. ATTIC EXHAUST FAN

E. KITCHEN LIGHTING

F. HYDROMASSAGE TUB

G. ATTIC LIGHTING

H. COUNTER-MOUNTED
COOKING UNIT

. ELECTRIC FURNACE

17. a. What size conductors supply Panel B?

b. What size conduit?

c. Is this raceway run in the form of EMT or rigid conduit?

d. What size overcurrent device protects the feeders to Panel B?

18. How many electric meters are provided for this residence?

19. According to the CEC, is it permissible to ground rural service entrance
systems and equipment to driven ground rods when a metallic water system is not
available?

20. What table of the CEC lists the sizes of grounding electrode conductors to be used for
service entrances of various sizes similar to the type found in the residence discussed in
this text?
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21. Do the following conductors require mechanical protection?

a. No. 8 grounding conductor

b. No. 6 grounding conductor

¢. No. 4 grounding conductor

22. Why is bonding service entrance equipment necessary?

23. What special types of bushings are required on service entrances when metallic raceways
are used?

24. When No. 8 AWG conductors or larger are installed, what additional provision is
required on the conduit ends?

25. What minimum size copper bonding jumpers must be installed to properly bond the
electric service for the residence discussed in this text?

26. a. What is a Type D fuse?

b. Where could a Type D fuse be installed?

27. a. What is the maximum voltage permitted between conductors when using plug fuses?
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b. May plug fuses be installed in a switch that disconnects a 120/240-volt clothes dryer?

c. Give a reason for the answer to (b).

28. What part of a circuit breaker causes the breaker to trip

a. on an overload? b. on a short circuit?

29. List the standard sizes of circuit breakers up to and including 100 amperes.

30. Using the method shown in this unit, what is the approximate short-circuit current avail-
able at the terminals of a 50-kVA single-phase transformer rated 120/240 volts? The
transformer impedance is 1%.

a. line-to-line?

b. line-to-neutral?

31. Where is the service for this residence located?

32. a. On what type of wall is Panel A fastened?

b. On what type of wall is Panel B fastened?

33. When conduits pass through the wall from outside to inside, the conduit must be
to prevent air circulation through the conduit.

34. Briefly explain why electrical systems and equipment are grounded.
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35. What CEC rule states that all overcurrent devices must have adequate interrupting rat-
ings for the current to be interrupted?

36. All electrical components have some sort of “withstand rating,” which indicates the
ability of the component to withstand fault currents for the time required by the over-
current device to open the circuit. What CEC rule refers to withstand ratings with ref-
erence to fault current protection?

37. Arcing fault damage is closely related to the value of

38. In general, systems are grounded so that the maximum voltage to ground does not
exceed [circle one]

a. 120 volts b. 150 volts ¢. 300 volts

39. An electric clothes dryer is rated at 5700 watts. The electric rate is 10.091 cents per kWh.
The dryer is used continuously for three hours. Find the cost of operation, assuming that
the heating element is on continuously.

40. Rule 14-012 requires that the service equipment (breakers, fuses, and the panel itself)
be rated [circle one]

a. equal to or greater than the current it must interrupt
b. equal to or greater than the available voltage and the fault current that is available at
the terminals

41. Read the meter below. Last month’s reading was 22 796. How many kilowatt-hours of
electricity were used for the current month?




UNIT S
Electrical Outlets

OBJECTIVES

After studying this unit, the student will be able to

« identify and explain the electrical outlet symbols used in the plans of the single-family
dwelling

« discuss the types of outlets, boxes, fixtures, and switches used in the residence

« explain the methods of mounting the various electrical devices used in the residence

« understand the meaning of the terms receptacle outlet and lighting outlet
» understand the preferred way to position receptacles in wall boxes

* position wall boxes in relation to finished wall surfaces

+ make surface extensions from concealed wiring

+ determine the number of wires permitted in a given size box

ELECTRICAL OUTLETS Fig 5-1 shows the outlets by the symbols &=
The CEC defines an outlet as a point on a wiring and {} Standard electrical symbols are shown in
system where current is taken to supply utilization ~ Fig. 2-9E on page 17.

equipment.

The type and location of electrical outlets used
for an installation are shown on electrical floor plans
(Fig. 5-1). ]

A receptacle outlet is an outlet where one or f
more receptacles are installed (Fig. 5-2).

A lighting outlet is “an outlet intended for the
direct connection of a lampholder, a lighting fixture, 83
or a pendant cord terminating in a fampholder”
(Fig. 5-3). |

A toggle switch is not an outlet; however, the ) 1
term outlet is used broadly by electricians to include L —L_r—’
noncurrent-consuming switches and similar con-
trol devices in a wiring system when estimating the
cost of the installation. Each type of outlet is rep- Fig. 5-1 Use of electrical symbols and
resented on the plans as a symbol. notations on a floor plan.
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A  ALWAYS ALLOW AT LEAST 150 mm OF
| FREE CONDUCTOR AT ALL OUTLETS
AND JUNCTIONS SO THAT YOU CAN
WORK EASILY WITH THE WIRING
DEVICES TO BE INSTALLED.

Fig. 5-2 When a receptacle is connected to the wires, the outlet is called a receptacle outlet. For ease in working with wiring

devices, CEC Rule 12-3000(6) requires that at least 150 mm of free conductor be provided.

LIGHTING
OUTLET

Fig. 5-3 When a lighting fixture is connected to the wires,
the outlet is calied a lighting outlet. The CEC requires that
at least 150 mm of free conductor be provided.

The curved lines in Fig. 51 run from the outlet
to the switch or switches that control the outlet.
These lines are usually curved so that they cannot be
mistaken for hidden edge lines. Outlets shown on
the plan without curved lines are independent and
have no switch control.

When preparing electrical plans, most archi-
tects, designers, and electrical engineers use symbols

approved by the Standards Council of Canada
(SCC) whenever possible. However, plans may con-
tain symbols that are not found in these standards.
When unlisted (non-standard) symbols are used,
the electrician must refer to a legend that interprets
these symbols. The legend may be included on the
plans or in the specifications. In many instances, a
notation on the plan will clarify the meaning of the
symbol. See Fig. 5-4.

Figs. 5-6A, 5-6B, and 5-6C show electrical
symbols for outlets and their meanings. Although
several symbols have the same shape, differences
in the interior presentation plans indicate their dif-
ferent meanings. For example, different meanings
are shown in Fig. 5-5 for the outlet symbols. A good
practice in studying symbols is to learn the basic
forms first and then add the supplemental infor-
mation to obtain different meanings.

LIGHTING FIXTURES AND OUTLETS

Architects often include in the specifications an
amount of money to purchase electrical fixtures.
The electrical contractor includes this amount in
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SYMBOL NOTATION

PLUGMOLD ENTIRE LENGTH OF
WORKBENCH. OUTLETS 90 cm O.C.
| INSTALL 122 cm TO CENTRE FROM
‘ FLOOR. GFCI-PROTECTED.
|

|

@ TRACK LIGHTING. PROVIDE 5
LAMPHOLDERS.

TWO 40-WATT RAPID START
@ FLUORESCENT LAMPS IN VALANCE.
CONTROL WITH OIMMER SWITCH.

— S e s

Fig. 54 How notations might be added to a symbol to
explain its meaning, The architect or engineer has a choice
of fully explaining the meaning directly on the plan if there
is sufficient room; if there is insufficient room, a notation
could be used.

e e, . B

SPLIT- GFCI WEATHERPROOF SPLIT-

SWITCHED  RECEPTACLE RECEPTACLE WIRED
RECEPTACLE OUTLET QUTLET RECEPTACLE
OUTLET OUTLET

|
|
|
|
" (THREE-WIRE CCT)

Fig. 5-5 Variations in outlet symbols.

the bid, and the choice of fixtures is then left to the
homeowner. If the owner selects fixtures whose
total cost exceeds the fixture allowance, the owner
is expected to pay the difference between the actual
cost and the specification allowance. If the fixtures
are not selected before the roughing-in stage of
wiring of the house, the electrician usually installs
outlet boxes having standard fixture mounting studs.

Most modern surface-mount lighting fixtures can
be fastened to an octagon box (Figs. 5-7A and 5-7B)
or an outlet box with a plaster ring using appropriate
No. 8-32 metal screws and mounting strap furnished
with the fixture.

A box must be installed at each outlet or switch
location, Rule 12—-3000(1). There are exceptions to
this rule, but in general they relate to special man-
ufactured wiring systems where the “box™ is an
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integral part of the system. For standard wiring
methods, such as cable or conduit, a box is usually
required.

Figs. 5-8 and 5-9 illustrate types of non-
metallic and metallic boxes.

Outlet boxes must be accessible, Rule
12-3014(1).

Be careful when roughing in boxes for fixtures
and also when hanging ceiling fixtures to

« non-metallic device (switch) boxes

» non-metallic device (switch) plaster rings
» metallic device (switch) boxes

* metallic device (switch) plaster rings

 any non-metallic box, unless specifically
marked on the box or carton for use as a fix-
ture support, or to support other equipment, or
to accommodate heat-producing equipment

Therefore, unless the box, device plaster ring, or
carton is marked to indicate that it has been listed
by the CSA for the support of fixtures, do not use
where fixtures are to be hung. Refer to Rule 12-1110.

Be careful when installing a ceiling outlet box
for the purpose of supporting a fan. See Unit 11
for a detailed discussion of paddle fans and their
installation.

If the owner selects fixtures before construction,
the architect can specify these fixtures in the plans
and/or specifications, giving the electrician advance
information on any special framing, recessing, or
mounting requirements. This information must be
provided in the case of recessed fixtures, which
require a specific wall or ceiling opening.

Many types of lighting fixtures are available,
Fig. 5-10 shows several typical lighting fixtures
that may be found in a dwelling unit. It also shows
the electrical symbols used on plans to designate
these fixtures and the type of outlet boxes or switch
boxes on which the lighting fixtures can be
mounted. A standard receptacle outlet is shown as
well. These switch boxes are made of steel; they
may also be made of plastic, as shown in Fig. 5-8.

When mounting an outlet box in a wall or ceiling
that is to be insulated and covered with a vapour bar-
rier, you must make special provision to maintain
the integrity of the vapour barrier. A polyethylene
boot covers the outlet box and is sealed to the 6-mm
polyethylene vapour barrier.
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OUTLETS

CEILING

WALL

SURFACE-MOUNTED
INCANDESCENT

LAMPHOLDER
WITH PULL SWITCH

RECESSED
INCANDESCENT

SURFACE-MOUNTED
FLUORESCENT

RECESSED
FLUORESCENT

SURFACE OR PENDANT
CONTINUOUS ROW
FLUORESCENT

RECESSED
CONTINUOUS ROW
FLUORESCENT

BARE LAMP
FLUORESCENT STRIP

SURFACE OR
PENDANT EXIT

RECESSED
CEILING EXIT

®|®

BLANKED
QUTLET

®

©|®|6

OUTLET CONTROLLED
BY LOW-VOLTAGE
SWITCHING WHEN
RELAY IS INSTALLED
IN OUTLET BOX

JUNCTION BOX

©| ©

Fig. 5-6A Symbols for different types of lighting

%@@
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RECEPTACLE OUTLETS

SINGLE RECEPTACLE OUTLET

CLOTHES DRYER OUTLET

b

CERORNO

DUPLEX RECEPTAGLE OUTLET EXHAUST FAN OUTLET
TRIPLEX RECEPTACLE OUTLET CLOCK OUTLET
DUPLEX RECEPTACLE OUTLET,

=e i i FLOOR OUTLET

DOUBLE DUPLEX RECEPTACLE
(QUADPLEX)

MULTIOUTLET ASSEMBLY; ARROW
SHOWS LIMIT OF INSTALLATION.
APPROPRIATE SYMBOL INDICATES
TYPE OF OUTLET. SPACING OF
OUTLETS INDICATED BY “X cm”.

:@ WEATHERPROOF RECEPTACLE OUTLET
WP

sb-lo @6

FLOOR SINGLE RECEPTACLE OUTLET
F = FLUSH MTD, S = SURFACE MTD

GROUND-FAULT CIRCUIT INTERRUPTER
GFC RECEPTACLE OUTLET

FLOOR DUPLEX RECEPTACLE OUTLET
F = FLUSH MTD, § = SURFACE MTD

@ | 1D

E@ RANGE OUTLET
R

FLOOR SPECIAL-PURPOSE OUTLET
F = FLUSH MTD, S = SURFACE MTD

(

VARIATIONS: DW = DISHWASHER. ALSO A, B, C, D, ETC. ARE LETTERS

@ SPECIAL-PURPOSE OUTLET (SUBSCRIPT LETTERS INDICATE SPECIAL
Dw KEYED TO EXPLANATION ON DRAWINGS OR IN SPECIFICATIONS).

Fig. 5-6B Symbols for receptacle outlets.

Fig. 5-7B shows a typical polyethylene boot
installed on a 102-mm (4") octagon box.

SWITCHES

Fig. 5-11 (page 80) shows some of the standard sym-
bols for various types of switches and typical con-
nection diagrams. Any sectional switch box or 102-mm
(4-in.) square box with a side-mounting bracket and
raised switch cover can be used to install these switches
(Fig. 5-10).

JUNCTION BOXES AND SWITCH
(DEVICE) BOXES (RULES 12-3000
TO 12-3034)
Junction boxes are sometimes placed in a circuit
for convenience in joining two or more cables or
conduits. All conductors entering a junction box
are joined to other conductors entering the same
box to form proper connections so that the circuit
will operate in its intended manner.

All electrical installations must conform to the
CEC standards requiring that junction boxes be
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@ ALARN—SMOKE @
@ ALARM—HEAT —@ JUNCTION BOX—WALL

Hi|1|F  earreay oRCEIS o0 S oR IO

PANEL, RECESSED
oR LIGHTING OR POWER
BUZZER — OF - — PANEL, SURFACE

JUNCTION BOX—CEILING

CIRCUIT BREAKER MD MOTION DETECTOR

DATA OUTLET yO4 MoTOR
DISCONNECT SWITCH, FUSED; /@/ MOTOR: ‘2" INDICATES
A SIZE AS INDICATED ON DRAWINGS. HORSEPOWER
e L “xxAF" INDICATES FUSE AMPERE
vy RATING. "yyAT" INDICATES SWITCH
AMPERE RATING.
" F— OVERLOAD RELAY
DISCONNECT SWITCH, UNFUSED;
- | SIZE AS INDICATED ON
DRAWINGS. “xxA" INDICATES e PUSHBUTTON
SWITCH AMPERE RATING.
@ DOOR BELL — I+ SWITCH AND FUSE
CH DOOR CHIME v OR ' TELEPHONE OUTLET
OR TELEPHONE OUTLET—
D DOOR OPENER (ELECTRIC) W WALL-MOUNTED

v TELEPHONE/DATA OUTLET
FAN: CEILING-SUSPENDED
(PADDLE)

THERMOSTAT—LINE-VOLTAGE

(PADDLE) FAN WITH LIGHT

FAN: CEILING-SUSPENDED

THERMOSTAT—LOW-VOLTAGE

[7 v 3
[ > ] FAN: WALL TS TIME SWITCH

it

i

X —{ I |1 GROUND T TRANSFORMER
1€

fit

Fig. 5-6C Miscellaneous symbols.
1e
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4” ROUND COVERS

4" PAN BOX

GROUND
SCREW
56111 53151-K
4" OCTAGONAL BOXES
2 1/8” DEEP-344 mL
21 CUBIC INCHES

GROUND v ) GROUND
SCREW SCREW

GROUND

SCREW

4” EXTENSION RING

GROUND
SCREW
54171-L 54171-LB
CLAMPS FOR CLAMPS FOR
NON-METALLIC NON-METALLIC-

SHEATHED CABLE SHEATHED CABLE

SIDE BRACKET

Fig. 5-7A  Octagonal outlet boxes, showing extension ring and covers. (Photos courtesy of Thomas & Betts Incorporated|

Fig. 5-7B Qutlet box compiete with vapour boot.

(@ www cattageontheedge.com)

installed so that the wiring contained in them shall
be accessible without removing any part of the
building. In house wiring, this requirement limits
the use of junction boxes to unimproved basements,
garages, and open attic spaces because blank box
covers exposed to view detract from the appear-
ance of a room. An outlet box such as the one
installed for the front hall ceiling fixture is really
a junction box because it contains splices. Removing
the fixture makes the box accessible, thereby
meeting CEC requirements. Refer to Figs. 5-12
and 5-13 on page 81.

Rule 12-3000(I) requires that a box or fitting be
installed wherever splices, switches, outlets, junc-
tion points, or pull points are required (Fig. 5-12).
However, sometimes a change is made from one
wiring method to another, for example, armoured
cable to electrical metallic tubing (EMT). The fitting
where the change is made must be accessible after
installation; see Fig. 5-14.

Boxes shall be rigidly and securely mounted,
Rule 12-3010(1).
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. AN 4

Fig. 5-8A Non-metallic outlet box. (Daimar/Cangage)

NOTE: AFTER

| INSERTING THE BOX
{ INTO THE HOLE CUT
IN THE DRYWALL,
WHEN SCREWS ARE

{l TURNED, “EARS" FLIP
| UPWARD BEHIND THE
DRYWALL, TIGHTLY
LOCKING THE BOX

IN PLACE.

Fig. 5-8B Non-metallic outlet box. (Delmar/Cengage)

GROUND SCREW
TAPPED HOLE

Fig. 5-9A Gang-type switch (device) box. (Deimar/Cengage)

NON-METALLIC OUTLET AND DEVICE
BOXES

The CEC permits non-metallic outlet and device boxes
to be installed where the wiring method is non-
metallic sheathed cable, Rule 12-524. Non-metallic
boxes may be used with armoured cable or metal
raceways, but only if a proper means is provided
inside the boxes to bond any and all metal raceways
and/or armoured cables together, Rule 12-3000(2).

Fig. 5-9B Octagon box. (Delmar/Cengage)

The house wiring system is usually formed by
a number of specific circuits, each consisting of a
continuous run of cable from outlet to outlet or
from box to box. The residence plans show many
branch circuits for general lighting, appliances,
electric heating, and other requirements. The spe-
cific CEC rules for each of these circuits are
covered in later units.

GANGED SWITCH (DEVICE) BOXES

A flush switch or receptacle outlet for residential
use fits into a standard 3 X 2 x 24-in. sectional switch
box (sometimes called a device box). When two or
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SYMBOL

TYPE OF LUMINAIRE
(LIGHTING FIXTURE) OR OUTLET

BOXES THAT
MAY BE USED

O

OR
OR
A gmusmm.e BRACKET WITH OUTLET BOX.
UTLET BOX WITH BRACKET FOR
SRS SURFACE-MOUNTED LUMINAIRE ::; 38*3;9"23:’&%% e
OUTLET (LIGHTING FIXTURE) FOR JOIST MOUNTING.
BOXES ARE “LISTED" FOR LUMINAIRE (LIGHTING
FIXTURE) SUPPORT
2.

CONNECTIONS TO THE LIGHT FIXTURE
(LUMINAIRE) ARE MADE IN THE BOX SHOWN AT
THE SIDE OF THE FIXTURE. THE CONNECTIONS

e = ARE ACCESSIBLE THROUGH THE OPENING FOR
MOUNTING THE LUMINAIRE, AS SHOWN. CEC

i | RULE 30-910.

p=ie=)

RECESSED

CEILING

LIGHTING

OUTLET = a

RECESSED LUMINAIRE
(LIGHTING FIXTURE)
3.

O

WALL
LIGHTING
QUTLET

WALL-MOUNTED LUMINAIRE (LIGHTING FIXTURE)
ALSO CALLED A “SCONCE"

(A) OUTLET BOX WITH CAPTIVE NAILS/BRACKET
FOR STUD MOUNTING.

(B) ADAPTER RING FOR OUTLET BOX.
BOX "LISTED" FOR LUMINAIRE (LIGHTING FIXTURE)
SUPPORT.

=

4,

DUPLEX il
RECEPTACLE a
QUTLET - ‘
=iy
% P e
(A) SINGLE-GANG SWITCH (DEVICE) BOX,
(B) 102-mm SQUARE BOX WITH CAPTIVE NAILS
TRIPLEX e FOR STUD MOUNTING.
RECEPTACLE (C) 102-mm SQUARE SINGLE-GANG RAISED
OQUTLET ADAPTER RING,

Fig. 5~10 Typical electrical symbols, items they represent, and boxes that could be used. (Photos courtesy of Progress Lighting {1, 3.
Cooper Industries (2], and Leviton Manufacturing {4))
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SYMBOL FLUSH TOGGLE SWITCH OPERATION CONNECTIONS
°
S
5 |4
4‘
ON OFF
SINGLE-POLE
—-— Q @ @ll @ II
| | | |
I I —R
S, L ﬁ [
@ d @ @ —
ON OFF
DOUBLE-POLE
Fe Q\
! \
! \
! \
L S, ]
——.\; 5 S
POSITION  POSITION
1 2
THREE-WAY
\\ f’ | |
x .8
A I |
. A
—'-.% _
—_—
— POSITION POSITION .
1 2
FOUR-WAY
.
S — o
FOR CONTROLLING LIGHTS
SWITCH AND FROM ONE POINT WITH
| PILOT LIGHT PILOT LIGHT INDICATION

111, 3,
Fig. 5-11 Standard switches and symbols.
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BLACK WHITE . / \

Fig. 5-12 A box (or fitting) must be installed wherever there are splices, outlets, switches, or other junction points.
Refer to the points marked X. A potential CEC violation is shown at point XX. However, this is a violation only if the cable
is not supplying equipment with an integral connection box or if the apparatus has not been approved as a connection box.
Rules 12-3000(1) and 12-3014(1).

OUTLET BOX CONCEALED

CEILING IN CEILING

EXPOSED EXTENSION-CONDUIT

LUASIRCREISIYR T IS AGAINST THE CODETO
MAKE AN EXTENSION FROM A COVER THAT IS ATTACHED TO A
RECESSED OUTLET BOX, JUNCTION BOX, OR DEVICE BOX,
RULE 12-3026(1).

OUTLET BOX CONCEALED
N CEILING

CEILING

EXTENSION RING =
EXPOSED EXTENSION-CONDUIT

£ [ A BOX OR EXTENSION
RING MUST BE MOUNTED OVER AND MECHANICALLY
SECURED TO THE CRIGINAL BOX, RULE 12-3026 (1),

SEPARATE EQUIPMENT-
GROUNDING CONDUCTOR

= QUTLET BOX CONCEALED
CEILING =t IN CEILING
FLEXIBLE EXTENSION
EXTENSICON MUST PROVIDE
A SEPARATE EQUIPMENT-
@ GROUNDING CONDUCTOR.

ERliSggelelala A BOX OR EXTENSION
RING MUST BE MOUNTED OVER AND MECHANICALLY SECURED
TO THE ORIGINAL BOX, RULE 12-3026(1).

Fig. 5-13 How to make an extension from a flush-mounted box.
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Fig. 5-14 A transition from one wiring method to another. In this case, the armour of the AC 90 cable is removed,
allowing sufficient length of the conductors to be run through the conduit. A proper fitting as shown must be used at the
transition point, and the fitting must be accessible after installation.

more switches (or outlets) are located at the same
point, single switch boxes may be ganged or fas-
tened together to provide the required mounts
(Fig. 5-15A) or a welded (two or more) gang box
may be used.

Three switch boxes can be ganged together
by removing and discarding one side from both
the first and third switch boxes, and both sides
from the second (centre) switch box. The boxes
are then joined together (Fig. 5-15B). After the
switches are installed, the gang is trimmed with a
gang plate having the required number of switch
handle or receptacle outlet openings. These plates
are called two-gang wall plates, three-gang wall
plates, and so on, depending on the number of
openings.

The dimensions of a standard sectional switch
box, 3 x 2 inches, are the dimensions of the opening
of the box. The depth of the box may vary from
1'/2 inches to 3"/2inches (38 to 89 mm), depending
on the requirements of the building construction
and the number of conductors and devices to be
installed. Rules 12-3000 to 12—3034 cover outlet,
switch, and junction boxes. See Fig. 5-16 for a list
of common box dimensions.

Rule 12-3016( 1) states that boxes must be
mounted so that they will be set back not more
than 6 mm from the finished surface when the
boxes are mounted in noncombustible walls or ceil-
ings made of concrete, tile, or similar materials.
When the wall or ceiling construction is of com-
bustible material (wood), the box must be set flush
with the surface or project from it; see Fig. 5-17A.
These requirements are meant to prevent the spread
of fire if a short circuit occurs within the box.

Single gang switch boxes are normally
mounted to a structural member of the building
with nails or screws. Ganged sectional switch
(device) boxes may be installed using a pair of
metal mounting strips, Rule 12-3010(2). These
strips may also be used to install a switch box
between wall studs; see Fig. 5-18. When an outlet
box is to be mounted at a specific location between
joists, as for ceiling-mounted fixtures, an offset
bar hanger is used (Fig. 5-10).

Older installations of switch boxes may have
nails passing through the box. This is no longer
permitted unless the nails are not more than
6.4 mm from the back or ends of the box. See
Rule 12-3010(5).
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Fig. 5-15A Device boxes. Box on left has welded sides. Box on right has removable sides, which
permit several boxes to be ganged together. (Courtesy of Sandy F. Gerolimon)

Fig. 5-15B Standard flush switches installed in ganged
sectional device boxes. (Courtesy of Sandy F. Geraliman)

BOXES FOR CONDUIT WIRING
For some types of construction, conduit rather than
cable wiring is used.

When conduit is installed in a residence, it
is quite common to use 102-mm square boxes
trimmed with suitable plaster covers (Fig. 5-16).
There are sufficient knockouts in the top, bottom,
sides, and back of the box to permit a number
of conduits to run into it. Plenty of room is avail-
able for the conductors and wiring devices.
Note how easily these 102-mm square outlet boxes
can be mounted back to back by installing a
small fitting between them; see Fig. 5-19B and
5-19C.

You can trim 4-in. (102-mm) square outlet boxes
with one-gang or two-gang plaster rings where
wiring devices will be installed. Where lighting fix-
tures will be installed, use a plaster ring having a
round opening.

Any unused openings in outlet and device boxes
must be closed, as per Rule 12-3024, using
knockout fillers, Fig. 5-20.

The number of conductors allowed in outlet and
device boxes is covered elsewhere in this text.
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QUICK-CHECK BOX SELECTION GUIDE

FOR BOXES GENERALLY USED FOR RESIDENTIAL WIRING

DEVICE BOXES

BOX SIZE 3x2x1'% 3x2x2 3x2x2% 3x2x2% 3x2x3
VOLUME | Millilitres 131 163 163 204 245
WIRE SIZE 14 5 6 6 8 10

12 4 5 5 7 8
BOX SIZE 4x4x1 | axax2Vg | 4MhexalVhex1's M gx 45 2V
VOLUME | Millilitres 344 491 491 688
WIRE SIZE 14 14 20 20 28

12 12 17 17 24
BOX SIZE 4x1, 4x2Vg
VOLUME Millilitres 245 344
WIRE SIZE 14 10 14

12 8 12
BOX SIZE 4x2x1% 4x2Vgx17g 4x 2% x g
VOLUME | Millititres 147 229 262
WIRE SIZE 14 6 9 10

8 9

WHERE RAISED COVERS ARE MARKED
WITH THEIR VOLUME IN CUBIC INCHES,
THAT VOLUME MAY BE ADDED TO THE
BOX VOLUME TO DETERMINE MAXIMUM
NUMBER OF CONDUCTORS IN THE
COMBINED BOX AND RAISED COVER.

NOTE: BE SURE TO MAKE DEDUCTIONS FROM THE ABOVE MAXIMUM NUMBER OF CONDUCTORS PERMITTED FOR

WIRE CONNECTORS, WIRING DEVICES, CABLE CLAMPS, FIXTURE STUDS, AND GROUNDING CONDUCTORS.
THE VOLUME IS TAKEN DIRECTLY FROM TABLE 23 OF THE CEC.

Fig. 5-16 Quick-check box selection guide. (Courtesy of CS2 Group)
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CONCRETE, TILE, OR OTHER
NONCOMBUSTIBLE MATERIAL

BOX SET BACK
NOT MORE THAN
& mm

WOOD OR OTHER
COMBUSTIBLE MATERIAL

\

A

@RI

0

o —— o — —

f‘;(

BOX SET FLUSH WITH
FINISHED SURFACE

Fig. 5-17A Box position in walls and ceilings constructed of various materials, Rule 12-3016.

REPAIR THESE
GAPS

Fig. 5-17B Repair these gaps, Rule 26-710.

SPECIAL-PURPOSE OUTLETS
Special-purpose outlets are normally shown on floor
plans. They are described by a notation and are also
detailed in the specifications. The plans included
with this textbook indicate special-purpose outlets
by a triangle inside a circle with subscript letters. In
some cases, a subscript number is added to the letter.
When a special-purpose outlet is indicated on
the plans or in the specifications, the electrician
must check for special requirements, such as a sep-
arate circuit, a special 240-volt circuit, a special

grounding or polarized receptacle, a device box
with extra support (Fig. 5-21), or other prepara-
tion. Special-purpose outlets include

* central vacuum receptacle

« weatherproof receptacle

* dedicated receptacle, perhaps for a home
computer

* air-conditioning receptacle
* clock receptacle
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MOUNTING
STRIPS

NAILOR TWO-GANG CABLE .

50 mm x

100 mm

wooD
STUD

Iu"'l

SCREW DEVICE BOXES
V4 e,

= o S

A\

_._;.\/ T

(@} §O)

/

\
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|
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N
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V=

\ T S ¥
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Fig. 5-18A Switch (device) boxes installed between studs
using metal mounting strips. If wooden boards are used,
they must be at least 19 mm thick and securely fastened to
the stud, Rule 12-3010(2).

NUMBER OF CONDUCTORS IN A BOX
Rule 12-3034 dictates that outlet boxes, switch
boxes, and device boxes be large enough to pro-
vide ample room for the wires without having to
jam or crowd the wires into them. CEC Table 23
specifies the maximum number of conductors
allowed in standard outlet boxes and switch boxes;
see Table 5-1. A conductor running through the
box is counted as one conductor. Each conductor
originating outside the box and terminating inside
it is counted as one conductor. Conductors that
originate and terminate within the box are not
counted.

When conductors are the same size, the proper
box size can be selected by referring to CEC
Table 23. When conductors of different sizes are
used, refer to CEC Table 22; see Table 5-2.

Tables 22 and 23 do not consider fittings or
devices such as fixture studs, wire connectors,
hickeys, switches, or receptacles that may be in
the box. For assistance in this case, see Table 5-3
(page 91). When the box contains one or more
fittings (such as fixture studs or hickeys; see
Fig. 5-22 on page 89), the number of conductors
must be one less than shown in the table for each
type of device.

LS SCREW IN e
MOUNTING BRACKET
19 mm THICK WOOD STRIP MIN.
RULE 12-3010(2)

POSITIONING

i TABS FOR L-in.
/| DRYWALL

[
L J FRONT VIEW TOP VIEW

Fig. 5-18B A method of mounting sectional boxes to
wood studs.

Deduct two conductors for each device
mounted on a single strap (switches, receptacles).
The deduction of two conductors has become nec-
essary because of severe crowding of conductors in
the box when the switch or receptacle is mounted
or when dimmer switches are installed. In most
cases, dimmer switches are larger than conven-
tional switches.

Deduct one conductor for every two-wire con-
nector. For example, for two- or three-wire con-
nectors deduct one wire; for four or five connectors
deduct two wires. There is no deduction for the first
wire connector because it will probably be used for
the second ground connection. Be sure to include all
conductor sizes (Nos. 14, 12, 10, 8, and 6 AWG)
when determining the size of the box to be installed.
See Figs. 5-23 and Fig. 5-24 for examples of this
CEC requirement, Rule 12-3034(1).
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Fig. 5-19 Boxes for conduit wiring. (Deimar/Cangage)

SELECTING A BOX WHEN ALL
CONDUCTORS ARE THE SAME SIZE

EXAMPLE: A box contains one fixture stud and
two cable clamps. The number of conductors per-
mitted in the box shall be one less than shown in

the table. (Deduct one conductor for the fixture
stud.)

A further deduction of two conductors is made
for each wiring device in the box, but if two more
devices are mounted on the same strap, they count
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CEC TABLE 23
NUMBER OF CONDUCTORS IN BOXES
(See Rule 12-3034.)
Maximum Number of Conductors
Box Dimensions Capacity, (per AWG size)

Trade Size mL (in.?) 14 12 10 8 6
Octagonal 4 x1-12 245 (15) 10 8 6 B 3
4 %28 344 (21) 14 12 9 7 4
Square 4x1-1p 344 (21) 14 12 9 7 4
4x2-18 491 (30) 20 17 13 10 6
4116 X 1-12 491 (30) 20 17 13 10 6
4-116 X 2-18 688 (42) 28 24 18 15 9
Round 4 x 2 81 (5) 2 2 1
Device 3x2x1-12 131 (8) B 4 3 2 1
3x2x2 163 (10) 6 5 4 3 2
Ix2x2- 163 (10) 6 5 4 3 2
3x2x2-2 204 (12.5) 8 7 5 4 2
3x2x3 245 (15) 10 8 6 5 3
4x2x1-12 147 (9) 6 5 4 3 2
4x2-sx 1-T. 229 (14) 9 8 6 5 3
4x2-38x 1-7 262 (16) 10 9 7 5 3
Masonry 39 x2x2-2 229 (14)/gang 9 8 6 5 3
334 x 2 x 3-12 344 (21)/gang 14 12 9 7 4
4x2-14 X 2-38 331 (20.25)/gang 13 1 9 7 4
4 x 2-1a X 3-38 364 (22.25)/gang 14 12 9 8 4
Through Box 33 x2 3.8/mm (6/in.) depth 4 3 2 2 1
Concrete Ring 4 7.7/mm (12/in.) depth 8 6 5 4 2
FS 1 Gang 229 (14) 9 8 6 5 3
1 Gang tandem 557 (34) 22 19 16 12 7
2 Gang 426 (26) 17 14 11 9 5
3 Gang 671 (41) 27 23 18 14 9
4 Gang 917 (56) 37 32 24 20 12
FD 1 Gang 368 (22.5) 15 12 10 8 o
2 Gang 671 (41) v 23 18 14 9
3 Gang 983 (60) 40 34 26 21 13
4 Gang 1392 (85) 56 48 37 30 18

Tabie 5~1 CEC Tabie 23. (Courtesy of CSA Group]

‘4"_ ¢

Fig. 5-20 Unused openings in boxes must be closed
according to the CEC Rule 12-3024. This is done to contain
electrical short-circuit problems inside the box or panel
and to keep rodents out. (Delmar/Cengage|

ire

ide
re IEI:OCKOUT WIRES MUST BE 150 mm MINIMUM. CEC
int Rule 12-3000(6). See Fig. 5-2.
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CEC TABLE 22
SPACE FOR CONDUCTORS IN BOXES
(See Rule 12-3034.)
Usable space required for
Size of conductor, AWG each insulated conductor, mL
14 246
12 28.7
10 36.9
8 451
6 73.7

Table 5-2 CEC Table 22. (Courtesy of CSA Group)

Fig. 5-21 Flush-mounted device box for steel studs with
required additional support. (Courtesy of Thomas & Betts Incorporated)

HICKEY FIXTURE STUD

Fig. 5-22 Hickey and fixture stud.

GROUND

MNEL

as a single device. For example, if a switch and a
receptacle are mounted on a single strap, only two
conductors are deducted.

SELECTING A BOX WHEN CONDUCTORS

ARE DIFFERENT SIZES (RULE 12-3034[4])
When the box contains different size wires, do the
following:*

* Determine the size of conductors to be used
and the number of each (e.g., two No. 10 and
two No. 12).

* Determine if the box is to contain any wiring
devices (switch or receptacle), wire connec-
tors, or fixture studs. This volume adjustment
must be based on the volume of the largest
conductor in the box.

* Deduct one conductor for each pair of wire
connectors. For example, two or three equals
one wire, four or five equals two wires. Note:
If only one wire connector is used, it is not
counted.

* Deduct two conductors for each switch or
receptacle that is less than 25 mm between
the mounting strap and the back of the device.

* Make the necessary adjustments for devices,
wire connectors, and fixture studs.

» Size the box based on the total volume
required for conductors according to Table 22.

*(Courtesy of CSA Group)

EXAMPLE: What is the minimum volume
required for a box that will contain one switch, two
No. 14 wires, two No. 12 wires, and three No. 33
wire connectors? The cable is armoured cable.

Two No. 14 AWG wires X 24.6 cm3/wire = 49.2 cm3
Two No. 12 AWG wires X 28.7 cm3/wire = 57.4 cm?
Three wire connectors

Each pair counts as one wire = 28.7 cm3

switch
Each switch counts as two wires =57.4 cm3
Total volume =192.7cm?

Fig.5-23 The transformer leads are not counted, since no
part of the conductors from the transformer leaves the box.
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Therefore, select a box having a minimum
volume of 192.7 mL of space. A 3 X 2 X 2'/>-in.
device box has a volume of 204 mL from Table 23,
and this would be sufficient. The cubic-inch volume
may be marked on the box; otherwise refer to the
column of Table 23 entitled “Capacity.”

When sectional boxes are ganged together, the
volume to be filled is the total volume of the assem-
bled boxes. Fittings, such as plaster rings, raised
covers, and extension rings, may be used with the
sectional boxes. If these fittings are marked with
their volume, or have dimensions comparable to
the boxes in Table 23, their volume may be con-
sidered when determining the total volume
[Rule 12-3034(6)]. In some cases, the volume listed
in Table 23 is not equivalent to the length x width X
depth of the box. When doing calculations using
boxes listed in Table 23, use the volume found in the
table. Otherwise multiply L X W X D to find the
actual volume of the box. For example, a 12 X 12 X
6-in. box is not found in Table 23. Therefore the
box volume is 12 x 12 x 6 = 864 in.3 (14.1 L).
Figs. 5-25 and 5-26 show how a 19-mm raised
cover (plaster ring) increases the wiring space of
the box to which it is attached.

Electrical inspectors are very aware that GFCI
receptacles, dimmers, and certain types of timers
take more space than regular receptacles. Therefore,
it is a good practice to install device boxes that will
provide lots of room for wires, instead of pushing
and crowding the wires into the box.

EXAMPLE: How many No. 12 conductors are
permitted in the box and raised plaster ring shown
in Fig. 5-267

SOLUTION: See Rule 12-3034 and Tables 22 and
23 for volume required per conductor.
This box and cover will take

14 No. 12 conductors maxi-
i _ mum, less the deductions for

28.7 mL per No. 12 conductor ~ devices and connectors, per
Rule 12-3034(2).

Fig. 5-23 shows how transformer leads No. 18
AWG or larger are treated when selecting a box.

Wire No. 16 or No. 18 AWG supplying a
lighting fixture is not counted when sizing the box
that the fixture is mounted on; see Fig. 5-24. This
is stated in Rule 12-3034(1)(d).
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BONDING
CONDUCTOR

FOR CEC
PURPOSES, THIS
BOX WILL BE
CONSIDERED TO
CONTAIN FOUR
CONDUCTORS.

Fig. 5-24 Fixture wires are not counted in determining
correct box size. CEC Rule 12-3034(1)(d) specifies that
No. 18 and No. 16 AWG fixture wires supplying a lighting
fixture, mounted on the box containing the fixture wires,
shall not be counted.

Fig. 5-16, the quick-check box selection guide,
shows some of the most popular types of boxes
used in residential wiring. You can refer to it as you
work your way through this text.

When wiring with cable, “feeding through” a
box is impossible. But, when installing the wiring
using conduit, it is possible to feed straight through
a box. Only one wire is deducted for a wire run-
ning straight through a box.

BOX FILL

The following method can make box fill easier to
calculate when determining the proper size of junc-
tion box or wall box to install:

1. Count the number of circuit wires.
2. Add one wire for a fixture stud (if any).

3. Add one wire for each pair of wire connec-
tors.

4. Add one wire for one or more isolated
(insulated) grounding conductors (if any).

5. Add two wires for each wiring device.

Look up the total count in Table 23 to find a
box appropriate for the intended use that will hold
the number of conductors required.

EXAMPLE: Six circuit conductors

One wiring device (switch) +2
Three wire connectors +1
Total 9
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Note: 1 mL = 0.061 cu. in.

+ |f box contains NO fittings, * refer directly to Table 23.
devices, fixture studs,
hickeys, switches, or

receptacles

* [f box contains ONE or * deduct ONE from maximum
MORE fittings, fixture studs, number of conductors
or hickeys... permitted in Table 23 for

each type.

= For each device ona single * deduct ANOTHER TWO
strap containing ONE or from Table 23.
MORE devices such as
switches, receptacles, or
pilot lights...

+ For ONE or MORE isolated = deduct ANOTHER ONE
(insulated) grounding from Table 23.
conductors...

* For each PAIR of insulated * deduct another conductor
wire connectors... from the number permitted

by Table 23.
¢ For conductors running * count ONE conductor for
through the box... each conductor running
through the box.

* For conductors that originate * count ONE conductor for

outside the box and terminate  each conductor originating
inside the box... outside and terminating in
the box.

* |f no part of the conductor * don't count the conductors.
leaves the box—for example,
a “jumper” wire used to
connect a receptacle..,

Table 5-3 Quick checklist for determining the proper
size of boxes.

Therefore, select a box capable of containing
nine or more conductors. See Table 23.

It is possible to select a smaller box when using
EMT than when using the cable wiring method
because it is possible to “loop™ conductors through
the box. These count as only one conductor for the
purpose of box fill count; see Fig. 5-27.

LOCATING OUTLETS
Electricians commonly consult the plans and spec-
ifications to determine the proper heights and clear-
ances for installing electrical devices. The electrician
then has these dimensions verified by the architect,
electrical engineer, designer, or homeowner to avoid
unnecessary and costly changes in the locations of
outlets and switches as the building progresses.
There are no Code rules for locating the height
of outlets. A number of conditions determine the
proper height for a switch box. For example, the
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3/4" RAISED COVER

ADDITIONAL WIRING SPACE PROVIDED BY THE
RAISED COVER IS 2" x 3" x 3/4" = 4%,in.® = 74 mL (cm?)

Fig. 5-25 Raised cover. Raised covers are sometimes
called plaster rings.

4" SQUARE, 3/4" DEEP
RAISED PLASTER RING
(RAISED SECTION
MEASURES

" x 1';"SQUARE BOX
4"x1;"5QU it

| — 255102
= TOTAL SPACE

74 em® (47;In.3)
MARKED ON COVER

344 mL (21 in%
AS FOUND IN TABLE 23

Fig. 5-26 Area of box and plaster ring.

height of the kitchen counter backsplash determines
where the switches and receptacle outlets are located
between the kitchen countertop and the cabinets.

The location of receptacles is covered in
Rule 26712 of the CEC and Unit 6 of this text.

When locating receptacles near electric base-
board heaters, refer to the section “Location of
Electric Baseboard Heaters in Relation to
Receptacle Outlets™ in Unit 17.

POSITIONING RECEPTACLES
Although no actual CEC rules exist on positioning
receptacles, there is a concern in the electrical
industry that a metal wall plate could come loose
and fall downward onto the blades of an attachment
plug cap that is loosely plugged into the receptacle,
thereby creating a potential shock and fire hazard.
Therefore, when metal wall plates are used,
position the grounding hole to the top. A loose
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(A) CONDUIT: SINCE TWO CONDUGTORS ARE LOOPED THROUGH THE BOX,
THE CONDUCTOR COUNT IN THIS ILLUSTRATION IS FOUR

(B) CABLE: THE CONDUCTOR COUNT IN THIS ILLUSTRATION IS FOUR. THE
TWO EQUIPMENT-BONDING CONDUCTORS ARE NOT COUNTED.

(C) CABLE AND A BOX WITH INTERNAL CABLE CLAMPS: THE CONDUCTOR COUNT IN THIS ILLUSTRATION
IS FOUR. THE TWO EQUIPMENT-BONDING CONDUCTORS ARE NOT COUNTED; THE TWO CABLE CLAMPS ARE
NOT COUNTED.

METAL CONDUIT

CABLE (EACH WITH TWO CIRCUIT
CONDUCTORS PLUS ONE EQUIPMENT-
BONDING CONDUCTOR)

CABLE AND INTERNAL CLAMPS (EACH
CABLE HAS TWO CIRCUIT CONDUCTORS
PLUS ONE EQUIPMENT-BONDING CONDUCTOR)

Fig. 5-27 Conductor count for both metal conduit and cable installations.

metal plate could fall onto the grounding blade of
the attachment plug cap, but no hazard would result.

Or when metal cover plates are used, position
grounded neutral blades on top. A loose metal plate
could fall onto these grounded neutral blades with
no hazardous effect.

When metal cover plates are used, do not posi-
tion the “hot” terminal on top. A loose metal plate
could fall onto these live blades. If this was a split-
circuit receptacle fed by a three-wire, 120/240-volt
circuit, the short would be across the 240-volt line.

To ensure uniform installation and safety,
and in accordance with long-established custom,
standard electrical outlets are located as shown in
Fig. 5-28. These dimensions usually are satisfactory.
However, the electrician must check the blueprints,
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SWITCHES
*Height above floor
Regular 1.17 m (46 in.)
Between counter and Kitchen

cabinets (depends on backsplash) 1.12-1.17 m (44-46 in.)

RECEPTACLE OUTLETS
*Height above floor
Regular 300 mm (121in.)
(not permitted above electric base-

board heaters)

Between counter and kitchen cabinets

(depends on backsplash) 1.12-1.17 m (44-46 in.)

In garage 1.22 m (48 in.)
WALL BRACKETS
*Height above floor
QOutside 1.8 m (72in.)
Inside 1.52 m (60 in.)
Side of medicine cabinet 1.52 m (60 in.)

*Note: All dimensions given are from the finished floor to the
centre of the outlet box. Verify all dimensions before roughing in.

Fig. 5-28 Outlet locations.

specifications, and details for measurements that may
affect the location of a particular outlet or switch.
The cabinet spacing, available space between
the countertop and cabinet, and the tile height may
influence the location of the outlet or switch. For
example, if the top of the wall tile is exactly 1.22 m
(48 in.) from the finished floor line, a wall switch
should not be mounted 1.22 m (48 in.) to centre.
This is considered poor workmanship since it pre-
vents the wall plate from sitting flat against the wall.
The switch should be located entirely within the tile

NEL

area or entirely out of the tile area; see Fig. 5-29.
This situation requires the full cooperation of all
trades involved on the construction job and a careful
review of the architectural drawings before roughing
in the outlets.

See Fig. 5-30 for how to locate switches next to
a doorway.

Faceplates

Faceplates for switches shall be installed to com-
pletely cover the wall opening and seat against the
wall surface.

WHERE
DOORWAYS
ARE FRAMED
WITH A SINGLE
STUD, INSTALL
BLOCKING
SHOWN BEFORE
MOUNTING
SWITCH BOXES.
THIS WILL
ENSURE THE
SWITCH DOES
NOT INTERFERE
WITH THE DOOR
TRIM.

Fig. 5-30 Locating switches next to doorways.

IMPROPER
LOCATION

WHERE A WALL IS PARTIALLY TILED, A SWITCH OR CONVENIENCE QOUTLET MUST BE LOCATED
ENTIRELY OUT OF THE TILE AREA (A) OR ENTIRELY WITHIN THE TILE AREA (B), (C).

THE FACEPLATE IN (D) DOES NOT "HUG" THE WALL PROPERLY. THIS INSTALLATION IS ‘
CONSIDERED UNACCEPTABLE BY MOST ELECTRICIANS (RULE 12-3002). |

Fig. 5-29 Locating an outlet on a tiled wall.
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ALIGN SCREW SLOTS
LIKE THIS,
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NOT LIKE THIS.

Fig. 5-31 Aligning the slots of the faceplate mounting
screws in the same direction makes the installation look
neater.

Faceplates for receptacles shall be installed to
completely cover the opening and seat against the
mounting surface. The mounting surface may be
the wall or the gasket of a weatherproof box.

Faceplates should be level. In addition, a minor
detail that can improve the appearance of the instal-
lation is to align the slots in all the faceplate mounting
screws in the same direction; see Fig. 5-31.

The location of lighting outlets is determined by
the amount and type of illumination required to pro-
vide the desired lighting effects. (It is not the intent
of this text to describe how proper and adequate
lighting is determined; rather, it covers the proper
methods of installing the circuits for such lighting.)

Unit 5 Electrical Outlets 95

BONDING

Bonding is the joining together of all the non-
current-carrying metal parts of an electrical system
with a conductor that has a low impedance (oppo-
sition to the flow of current). Bonding provides pro-
tection from shock hazards by maintaining all the
non-current metal parts of the electrical system at
the same potential (voltage). It prevents a voltage
from developing between (the enclosures of) two
pieces of electrical equipment due to static buildup
or the failure of insulation on conductors.

Bonding is the most important part of the instal-
lation of electrical outlets. It will permit the system
to “fail safe.” Your electrical inspector will look
closely at the workmanship involved in the instal-
lation of the bonding conductors.

It is important that the continuity of the bonding
conductor be maintained. Therefore, the bonding
conductor is brought into the box and attached to the
bonding screw in the box before it is attached to
the green bonding screw on a receptacle. With such
connections, if someone cut the connections to the
receptacle to remove it, it would not interfere with
the bonding connection to the box.

When connecting the bonding conductor to the
bonding screws in outlet boxes, ensure that the con-
ductor does not get pinched between the head of
the screw and the shoulder of the box (which pre-
vents the conductor from slipping out from under
the head of the screw as the screw is tightened
down). This can damage the bonding conductor,
which reduces its size (cross-sectional area) and its
effectiveness.

— — —

- > s - P SR——————— —— -

Note: Refer to the CEC or the blueprints provided with this textbook when necessary.

1. What does a plan show about electrical outlets?

2. What is an outlet?
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3. Match the following switch types with the proper symbol.

a. single-pole S,
b. three-way S4
c. four-way S

d. single-pole with pilot light  S;

4. The plans show curved lines running between switches and various outlets. What do these
curved lines indicate?

5. Why are the lines mentioned in Question 4 usually curved?

6. a. What are junction boxes used for?

b. Are junction boxes normally used in wiring the first floor?

c. Are junction boxes normally used to wire exposed portions of the basement?

7. How are standard sectional switch (device) boxes mounted?

8. a. What is an offset bar hanger?

b. What types of boxes may be used with offset bar hangers?

9. What methods may be used to mount lighting fixtures to an outlet box fastened to an
offset bar hanger?

10. What is the size of the opening of a switch (device) box for a single device?
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11. The space between a door casing and a window casing is 89 mm. Two switches are to
be installed at this location. What problems could you encounter when placing the
switches in this location? What would you recommend as a possible solution?

12. Three switches are mounted in a three-gang switch (device) box. The wall plate for this
assembly is called a plate.

13. [Circle the correct answer.] For each fixture stud inside a box, (increase) (decrease) the
number of conductors allowed by one.

14. a. How high above the finished floor are the switches located in the garage of this
dwelling?

b. In the living room of this dwelling?

15. How high above the finished floor are the receptacle outlets in the garage located?

In the living room?

16. Outdoor receptacle outlets in this dwelling are located mm
above grade.

17. In the spaces provided, draw the correct symbol for each of these items:

a. _____ Lighting panel J- —___ Special-purpose outlet
b. __ Clock outlet k. Fan outlet

¢. ___ Duplex outlet 1. Range outlet

d. ____ Outside line telephone m. _____ Power panel

e. ____Single-pole switch n. ____ Three-way switch

f. ____ Four-way switch 0. Pushbutton

g. __ Duplex outlet, split-circuit p. ___ Thermostat

h. ____ Lampholder with pull switch  q. ____ Electric door opener

i. ____ Weatherproof outlet r._____ Multioutlet assembly

18. The front edge of a box installed in a combustible wall must be
with the finished surface. Rule number?

19. List the maximum number of No. 12 AWG conductors permitted in a
a. 4x 1'-in. (102 x 38-mm) octagon box.
b. 4"/16 X 1'-in. (119 x 38-mm) square box.

¢. 3%x2x%2-in. (76 x 51 x 64-mm) device box.
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ng fixture directly from a plastic outlet box is permitted only if

21. It is necessary to count fixture wires when counting the permitted number of conductors
in a box according to Rule 12-3034(1)(d).

(True) (False) [Underline or circle the correct answer. |

22. CEC Table 23 allows a maximum of ten wires in a certain box. However, the box will

have two wire connectors and one fixture stud in it. What is the maximum number of
wires allowed in this box?

9]
d

. When laying out a job, the electrician will usually make a layout of the circuit, taking
into consideration the best way to run the cables and/or conduits and how to make up the
electrical connections. Doing this ahead of time, the electrician determines exactly how
many conductors will be fed into each box. With experience, the electrician will prob-
ably select two or three sizes and types of boxes that will provide adequate space to
meet Code requirements. CEC Table 23 shows the maximum number of conductors
permitted in a given size box. However, the number of conductors shown in the table must

be reduced

by conductor(s) for two wire connectors

by conductor(s) for the fixture stud

by conductor(s) for each wiring device mounted on a single strap
by conductor(s) for one or more bare copper bonding conductors.

. Define the term bonding. Why is the installation of bonding conductors important?
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After studying this unit, the student will be able to
* determine the number and location of lighting outlets in a dwelling unit

* determine the minimum number of and location of receptacles required in a dwelling

unit

. ldentlfy CEC requ1rements for llghtmg and receptacle branch circuits

In the design and planning of dwelling units, it is stan-
dard practice to permit the electrician to plan the cir-
cuits. Thus, the residence plans do not include layouts
for the various branch circuits, The electrician may
follow the general guidelines established by the archi-
tect; however, all wiring systems must conform to the
standards of the Canadian Electrical Code (CEC)
and the National Building Code of Canada (NBC),
as well as local and provincial requirements.

This unit focuses on lighting branch circuits
and small appliance circuits. The circuits supplying
the electric range, oven, clothes dryer, and other
specific circuitry not considered to be a lighting
branch circuit or a small appliance circuit are cov-
ered later in this text.

LIGHTING

In this unit, we look at where lighting fixtures and
receptacles must be located to meet the minimum
requirements of the CEC. Lighting fixtures (lumi-
naires), lamps, and ballasts will be covered in Unit 10.

NEL

The provisions for supplying a light fixture in a
room or area and whether it is to be controlled by a
wall switch are found in Part 9 of the National
Building Code of Canada. The CEC has adopted
these requirements, which are found in
Rules 30-500 to 30-510. Table 6-1 outlines these
requirements for lighting in dwelling units.
Fig. 6-1 (page 100) shows them graphically.

RECEPTACLES
Receptacles are required in dwelling units for the
connection of large and small appliances.
Receptacles installed for small appliances are
15 ampere, 125 volt (two pole, three wire) or
20 ampere, T slot, 125 volt (two pole, three wire).
Some residences are lighted by table and floor
lamps plugged into switch-controlled wall recep-
tacle outlets. In bedrooms and living rooms, switch-
controlled wall receptacles are permitted in lieu of
ceiling and/or wall lighting outlets. Only half of the
receptacle may be switched if the receptacle is

99
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ROOM OR AREA PROVIDE REFERENCE RULE
Entrance A luminaire controlled by a wall switch inside
the building 30-500
Living room, At least one luminaire controlled by a wall switch or a
bedroom receptacie controlled by a wall switch 30-502
Kitchen, dining At least one luminaire controlied
room, hall, by a wall switch 30-502
bathroom,
vestibule,
utility room
Stairway All stairways must be lighted
A luminaire controlled by a switch at the top and
bottom of the stairway when the stairway has four
or more risers
If the stairway leads to an unfinished basement that
does not have an outside exit, a single switch at the
top of the stairs may be used 30-504
Basement One luminaire for each 30 m? or portion thereof of
unfinished basement 30-506
The luminiare closest to the stairs must be controlled
by switch at the top of the stairs
Storage room At least one luminaire in the storage room 30-508
Garage and At least one luminaire controlled by a wall switch near
carport the doorway
When a wall-mounted or celling luminaire
that is not located above a space that would be
occupied by a car is used, a buili-in switch is
permitted on the luminaire
A carport that is lighted by a luminaire at the
entrance to the building does not require additional
lighting 30-510

Table 6-1 CEC requirements for lighting in dwelling units. (Courtesy of €34 Group|

needed to satisfy the minimum number of recepta-
cles required by Rule 26—712(a).This is achieved
by removing the tab on the “hot” side of the recep-
tacle (Figs. 6-3, 64, and 6-5 on pages 102-104).

This unit will identify the locations where the
CEC requires 15-ampere, 125-volt (5-15R) and
20-ampere, 125-volt (5-20RA) receptacles. For
information on special applications of receptacles or
their branch circuits, see Units 11 to 20.

Table 6-2 and Figs. 6-6, 67, and 6-8 outline
the minimum number of receptacles required in a
dwelling unit and their locations.

BASICS OF WIRE SIZING AND LOADING
The CEC defines a branch circuit as “that portion of
the wiring installation between the final overcurrent
device protecting the circuit and the outlet(s)™; see
Fig. 6-9 on page 107.

The CEC defines a feeder as the circuit con-
ductors between the service equipment and the final
branch circuit overcurrent device. In the residence
used as an example in this text, the wiring between
Panel A and Panel B is a feeder.

The ampacity (current-carrying capacity) of a
conductor must not be less than the rating of the
overcurrent device protecting that conductor,
Rule 14—-104. An exception is a motor branch cir-
cuit, where it is common to have overcurrent devices
(fuses or breakers) sized larger than the ampacity of
the conductor. The CEC covers motors and motor
circuits specifically in Section 28. The rating of
the branch circuit is determined by the lesser of the
rating of either the overcurrent device or the
ampacity of the wire. For example, if a 20-ampere
conductor is protected by a 15-ampere fuse, then
the circuit is a 15-ampere branch circuit,
Rule 8-104(1).

The ampacity of branch-circuit conductors must
not be less than the maximum load to be served.
Where the circuit supplies receptacle outlets, as is
typical in houses, the conductor’s ampacity must
be rated to carry the load, Rule 8~104(2). The load
current must not exceed 80% of the rating of the
overcurrent device for that circuit, Rules 8§-304
and 8—-104(5)(a).

Where the ampacity of the conductor does not
match up with a standard rating of a fuse or breaker,
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NEAR ENTRY TO THE SPACE.

ATTIC
é b d) ONT CHE
FAVEEIN INSIDE
ATTACHED
BEDROOM HALLWAY BATHROOM i
® S ® 7
LIGHTING
23—1??339 O OUTLET NOT
REQUIRED
s Al A OUTSIDE
OF VEHICLE
DOOR
NN 7 <
7| ® ® 2 NN
% UNDERFLOOR
BASEMENT | | HABITABLE L, STAIRWAY || SPACE USED
/ RECREATION EUR STO?.AGEI =
ROOM Ve R B s R ¥,
'//"/}; iy, ¥ i g ?//
NN NN\

O LIGHTING OUTLET SHOULD BE CONTROLLED BY A WALL SWITCH.

@ LIGHTING OUTLET(S) SHOULD BE SWITCH-CONTROLLED IF SPACE IS USED FOR
STORAGE OR IF SPACE CONTAINS EQUIPMENT THAT WILL REQUIRE SERVICING,
SUCH AS AIR CONDITIONING AND FURNACES. THE LIGHTING OUTLET(S)
SHOULD BE LOCATED NEAR THE EQUIPMENT. THE SWITCH MUST BE LOCATED

& IF STAIRWAY HAS FOUR OR MORE STEPS, INSTALL SWITCHES ON BOTH LEVELS.
HOWEVER, SWITCH-CONTROLLED RECEPTACLES MAY BE INSTALLED IN PLACE
OF LIGHTING QUTLETS IN BEDROOMS OR LIVING ROOMS.

Fig. 6-1 Lighting outlets required in a typical dwelling unit.

the next higher standard size overcurrent device
may be used, provided the overcurrent device does
not exceed 600 amperes, Rule 14-104(a). This
exception is not applicable to residential branch
circuits because the standard overcurrent device
sizes listed in CEC Table 13 (Table 6-3, page 103)
correspond directly with the ampacities listed in
Table 2 for No. 14 and No. 12 gauge wire. Table 13
shows that the maximum overcurrent protection is
15 amperes when No. 14 AWG copper wire is used.

Residential branch circuits are fed from panel-
boards having overcurrent devices that are rated to
be run continuously at a maximum of 80% of their
ampere rating. The conductors attached to these over-
current devices may not be loaded to more than 80%
of the ampere rating listed in Table 2. For example,

a 15-ampere circuit breaker has a maximum load of
12 amperes (15 amperes X 0.8). Therefore, the wire
must be rated for 15 amperes in Table 2; a No. 14
R90 XLPE is suitable.

The ampacities of conductors commonly used in
residential occupancies are listed in Table 2. These
are subject to correction factors, which must be
applied where there are high ambient temperatures,
for example, in attics. See Note (1) to Table 5A.

Conductor ampacities are also derated when
four or more conductors are installed in a single
raceway or cable. See Table 5C (Table 6-4).

A continuous load should not exceed 80% of
the ampere rating of the branch circuit. The CEC
defines a continuous load as one that persists under
normal operation for “more than one hour in any
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ROOM OR AREA PROVIDE

REFERENCE RULE

Living room, dining
room, family room,
bedroom

See rule for exclusions.

Hallway

No point along the floor line of a wall may be
more than 1.8 m horizontally from a receptacle,
including isolated wall spaces 900 mm or fonger.

26-712(a)(c)

No point in a hallway may be more than 4.5 m from a

receplacle. Receptacles in rooms off the hallway

may be used if the opening to the room from

the hallway is not fitted with a door.
Laundry room
At least one additional receptacle.
At least one receptacle, within 1 m of
the washbasin and GFCl-protected.
One receptacle for a refrigerator.

Bathroom

Kitchen

One receptacle for the washing machine.

26-712(1)
26-710(e)
26-710(f)

One receptacle for a gas range if gas piping has been

provided.

Counter receptacles such that no point measured
along the back of the counter is more than 900 mm
horizontally from a receptacle. Counter receptacles
may be 15 A, three-conductor split circuit or 20 A T slot.

See Unit 14 for more detail.

Isolated work surfaces 300 mm or more require a

receptacle.

At least ong receptacle for a permanently installed

island.

At least one receptacle for counter peninsula.
At least one receptacle in a dining area forming part of

a kitchen.
One receptacle for a microwave oven,
Utility room At least one receptacle.
Unfinished
basement areas
Balcony, porch,
veranda
Outdoors

At least one receptacle.
At least one receptacle.

appliances.
Garage, carport One receptacle for each space.
Miscellaneous

ducting system is installed.

26~-712(d)
26-712(a)

26-710(e)

26-712(e)

At least one receptacle for the use of outdoor

26-714(a)
26-714(b)

One receptacie for a cord-connected central vacuum if

26-710(m)

Table 6-2 CEC requirements for receptacles in dwelling units. (Costesy of 04 Group]

twa-hour period if the load does not exceed
225 amperes,” Rule 8-104 (3)(a). The CEC permits
100% loading on an overcurrent device only if that
overcurrent device is listed for 100% loading. The
CSA has no listing of circuit breakers of the
moulded-case type used in residential installations
that are suitable for 100% loading.

This calls for the judgment of the electrician
and/or the electrical inspector. Will a branch cir-
cuit supplying a heating cable in a driveway likely
be on for one hour or more? The answer is “prob-
ably.” Good design practice and experience tell us
to never load a circuit conductor or overcurrent pro-
tective device to more than 80% of its rating.

The branch-circuit rating shall not be less than
any noncontinuous load plus 125% of the contin-
uous load, Rule 8104, For residential applications,

all loads are considered to be continuous except
for the load on the service or feeder conductors,
Rule 8-200(3).

The CEC considers most receptacle outlets in a
residence part of the basic load, and additional load
calculations are not necessary. Appliance outlets
with loads greater than 12 amperes are not consid-
ered part of the basic load; these larger loads are
calculated individually. The power requirements
for these receptacle outlets will be discussed in
detail later in this text.

To determine the number of lighting circuits
required, divide the total watts by the voltage rating
of the circuit(s) to be used.

In this residence, all lighting circuits are rated
at 15 amperes. The maximum loading of these
circuits is 12 amperes (15 amperes x 0.8).
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("
("

THIS DUPLEX RECEPTACLE
MEETS THE REQUIREMENTS OF CSA
CONFIGURATION 5-20RA DIAGRAM 1.

(")
(™)

THIS DUPLEX RECEPTACLE
MEETS THE REQUIREMENTS OF
CSA CONFIGURATION 6-15R DIAGRAM 1.

Fig. 6-2 15 and 20 ampere, 125 volt (two pole, three
wire) receptacle configurations.

Therefore, the minimum number of circuits for
general lighting and power is

Watts
——— = Amperes
120 volts
Amperes » B2 :
o= = Minimum number of circuits required

Note that the CEC provides the minimum number
of branch circuits required. For various purposes,
you may install more.

Load calculations for electric water heaters,
ranges, motors, electric heat, and other specific
loads are in addition to the general lighting load,
and are discussed throughout this text as they appear.

VOLTAGE

All calculations throughout this text use voltages of
120 volts and 240 volts. CEC Rule 8-100, entitled
“Current Calculations,” states that the voltage divisors
to use shall be 120, 208, and 240, as applicable.

LONG PRONG
IS IDENTIFIED
CONDUCTOR

LEAVETAB
IN PLACE

POLARIZED DUPLEX RECEPTACLE

SHORT PRONG
IS “HOT” CONDUCTOR

B REMOVE
<—— TAB ON
B “HOT” SIDE

USE A SCREWDRIVER
IN SLOT ANDTWISTTHE
TAB OFF ON “HOT”
SIDE ONLY

Fig. 6-3 Duplex receptacle showing method for removing tab on hot side.
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STEREO
PLUGS IN
HERE

“HOT” LINE BLACK

LEAVETAB
BRIDGE

BETWEEN
TERMINALS

REMOVE
TAB

SWITCH LEG A

RED " 15.AMPERE 1-POLE

CIRCUIT BREAKER

TWO-WIRE
CIRCUIT FROM
PANEL

LIGHT PLUGS
IN HERE

IDENTIFIED CONDUCTOR WHITE

Fig. 6-4 Split-switched receptacle wiring diagram.

CEC TABLE 13
RATING OR SETTING OF OVERCURRENT DEVICES PROTECTING CONDUCTORS
(See Rules 14-104 and 26-204.)

AMPACITY RATING OR SETTING AMPACITY RATING OR SETTING
OF PERMITTED OF PERMITTED
CONDUCTOR AMPERES CONDUCTOR AMPERES

0-15 15 126-150 150
16-20 20 151175 175
21-25 25 176-200 200
26-30 30 201-225 225
31-35 35 226-250 250
36-40 40 251-275 300
41-45 45 276--300 300
46-50 50 301-325 350
51-60 60 326-350 350
61-70 70 351-400 400
71-80 80 401-450 450
81-90 90 451-500 500
91-100 100 501-525 600
101-110 110 526-550 600
111-125 125 551-600 600

Table 6-3 CEC Table 13. Rating or setting of overcurrent devices protecting conductors. See

Rules 14-104 and 28-204. (Caurtesy of CSA Group)

CEC TABLE 5C
AMPACITY CORRECTION FACTORS FOR TABLE 2

NUMBER OF AMPACITY
CONDUCTORS CORRECTION FACTOR
1-3 1.00
4-6 0.80
7-24 0.70
25-42 0.60
43 and up 0.50

Table 64 CEC Table 5C. See Rules 4-004 and 12-2210
and Tables 2 and 4. (Courtesy of CSA Group)

This voltage is used for calculation even though the
actual voltage may be 220, 245, or 247. This pro-
vides us with a uniformity, to avoid misleading and
confusing results in our computations.

LIGHTING BRANCH CIRCUITS

The CEC limits overcurrent protection for lighting
branch circuits to a maximum of 15 amperes in
dwelling units, Rule 30-104. When a branch is
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Fig. 6-5 Split-wired receptacle (split receptacie) on a two-pole 15-ampere breaker connected to a three-wire circuit

for use in a kitchen.
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Fig. 6-6 Locating receptacles on the first floor,

loaded it will normally have a maximum of 12 out-
lets, Rule 8-304. If the actual load on the circuit
is known, the number of lighting outlets may be
increased as long as the load on the circuit does not
exceed 80% of the rating of the circuit breaker or

fuse protecting the branch circuit. It is normally
impossible to tell what the actual load of each
lighting fixture on a branch circuit is when
doing the rough-in, unless a large number
of recessed luminaires are installed; therefore, the
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