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Overview
A successful electrical power and lighting project depends on effective planning in the
form of drawings, schedules, and contract specifications. This contract documentation
provides a concise picture of the objectives for the electrical project work to be done.
It also serves as a record of intent for owners and as instructions and guidance for
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contractors, electricians, installers, and others performing the work. Contract docu-
ments, which might also include surveys and test data, are legal documents, and they
can be used as evidence in court cases involving contractor malfeasance, or failure to
comply with the intent of the drawings and specifications.

The present conformity to accepted formats for drawings and specifications is the
result of years of practical experience reinforced by accepted national and international
standards issued by government agencies and private standards organizations. The stan-
dards organizations are advised by experienced personnel from the ranks of manufac-
turers, contractors, and other interested parties. The intent of standards is to produce
unambiguous documentation that is understandable by all project participants, from
engineers and architects to contractors, project supervisors, electricians, and installers.

This chapter discusses the preparation of drawings and schedules and their repro-
duction. It also explains and illustrates typical standard electrical symbols used on plan-
view, one-line, and schematic drawings for electrical construction, and identifies the
principal government and industry agencies whose standards affect all phases of elec-
trical work. Appendix A is a compilation of American National Standards Institute
(ANSI) electrical symbols and National Electrical Manufacturers Association (NEMA)
plug and receptacle and circuit wiring configuration diagrams. Appendix B contains the
front matter and selected commonly used sections of a typical electrical specification,
to show how a written specification is organized, its legal language, and its style.

Electrical Drawing Objectives
Drawing for an electrical project serves three distinct functions.

1 Describes the electrical project in sufficient detail to allow electrical contractors to
use the drawings in estimating the cost of materials, labor, and services when
preparing a contract bid.

2 Instructs and guides electricians in performing the required wiring and equipment
installation while also warning them of potential hazards such as existing wiring,
gas pipes, or plumbing systems.

3 Provides the owner with an “as-built” record of the installed electrical wiring and
equipment for the purposes of maintenance or planning future expansion. The
owner then becomes responsible for recording all wiring and equipment changes.

A typical electrical drawing consists of solid or dashed lines representing wiring or
cables and symbols for luminaires, receptacles, switches, auxiliary systems, and other
electrical devices and their locations on a scaled architectural floor plan of a home or
building. The drawings also include title blocks to identify the project, the designers
or engineers, and the owner, and change blocks to record any changes that have been
made since the drawing was first issued.

In any given set of electrical drawing there are also specialized drawings such as
one-line, elevation or riser, and electrical equipment installation drawings. There
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might be no drawing requirements for relatively simple electrical projects such as
updating the amperage capacity of a home or extending branch wiring into a base-
ment, attic, or extension. In these situations, all information needed can be included in
a written proposal or other contractual agreement.

For commercial projects or new home construction, formal drawings are required to
gain approvals from building inspectors and the local electric utility. A typical set will
include several 24 � 36 in. architectural floor plans marked with the appropriate elec-
trical graphic symbols. The set might also include drawings for telephone and multi-
media structured wiring, outdoor wiring, or a security system.

By contrast, major large-scale construction projects such as shopping centers, high-
rise office buildings, factories, hospitals, and scientific laboratories might require
dozens of 24 � 36 in. (or larger) sheets, depending on the size and complexity of the
project. These might include one-line drawings and manufacturer-furnished wiring
diagrams for installing equipment. For complex projects, special instructions and
installation schedules will also be included.

Electrical Drawing Preparation
The preparation of electrical drawings for updating an existing electrical system or con-
structing a new one is the responsibility of a consulting architect, engineer, or designat-
ed experienced employee in an architectural or consulting engineering firm. The actual
drawing could be performed by on-staff electrical engineers or designers, or it could be
subcontracted out to consultants specializing in electrical power and lighting design.

However, consulting engineering firms are usually retained to design and supervise
the construction and electrical work in major commercial, industrial, and government
projects. These firms employ registered professional electrical, mechanical, structural,
and civil engineers as well as specialists in writing specifications and drafting for
large-scale projects. Some engineering firms also employ registered professional
architects who are experienced in building design. All of these specialists might par-
ticipate in the preparation and approval of electrical drawings and specifications,
because close coordination between these disciplines will help to avoid mistakes or
oversights that are costly and time-consuming to correct in the field.

If a project is to include custom-made electrical-powered equipment such as
machine tools, generators, conveyors, escalators, or elevators, the project manager
will request generic drawings of that equipment from qualified vendors for estimat-
ing and planning purposes. These drawings will show floor space and ceiling height
requirements for the installation of the equipment, the relative positions of any nec-
essary auxiliary equipment, and the recommended positions of all piping and wiring
required. The drawings will also show the correct orientation of the equipment to
assure sufficient space for operators and maintenance personnel to move around the
equipment to gain access to all removable panels or hatches and to provide for the
swing radius of any hinged doors. If the equipment is large, measurements for mini-
mum space requirements to move the equipment into the building will be included.
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These measurements will be useful in sizing entryways or scheduling the installation
before the walls are covered.

In some cases large units such as machine tools, furnaces, or elevators will require
the preparation of special concrete foundations, and construction drawings will be pro-
vided by the manufacturer. This work must be completed prior to the delivery of the
equipment.

Generic drawings will be replaced by drawings of the actual custom-built equip-
ment after it has been ordered. These drawing might be accompanied by installation,
operation, and maintenance manuals prepared specifically for the project. These will
later become part of the owner’s engineering documentation.

The electrical contractor might have his or her own staff designers prepare supple-
mentary electrical drawings if they are needed to clarify certain aspects of the instal-
lation, help to avoid mistakes, speed up the work, or provide extra guidance for the
field supervisors.

Computer-Aided Drawing
Most large engineering consulting and architectural firms in the United States have
made the transition from manual to computer-aided drawing (CAD). These companies
have had to purchase computer workstations, applications software, and plotters, as
well as pay for personnel training in CAD. The dedicated workstations and off-the-
shelf high-performance desktop computers now available are capable of supporting
the most sophisticated commercial CAD software available. The pricing for both is far
lower today than it was only a few years ago, making CAD affordable even for small
design firms and individual professional consultants.

The acronym CAD also stands for computer-aided design, but this is a misnomer.
CAD programs do not do design work; that must still be done by skilled draftspersons,
designers, or engineers with sufficient technical knowledge and training to perform
professional-level work.

CAD drawing can be learned on the job, in trade and technical schools, or at train-
ing facilities set up by software vendors. However, the training in a software vendor’s
classes focuses on teaching the company’s proprietary software and might not include
instruction in the use of competitive or alternative software.

An experienced electrical designer or drafter might require months of on-the-job
practice with specific CAD software to become proficient enough in its use to do pro-
fessional work on the workstation more cost-effectively than it could be done by tra-
ditional manual drawing.

The software needed for electrical power and lighting design work typically consists
of two components: a general purpose two-dimensional (2-D) CAD software package
and supplementary applications-specific electrical design software. While it is possi-
ble to do professional electrical drafting with basic off-the-shelf 2-D CAD drawing
software, the addition of the supplementary electrical design software will relieve the
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user of the onerous task of creating custom files of symbols and other design elements
specific to electrical construction.

The supplementary applications-specific software is expected to pay for itself within a
short period of time and increase drawing productivity. This software typically contains
a complete library of electrical symbols, which can be selected from a menu and dragged
into position on the workstation screen for proper placement on the architectural or one-
line drawings. Most electrical drawing software permits the user to modify the industry
standard symbols or create new ones for specific devices or equipment.

Many corporate clients of architectural or engineering consulting firms as well as
U.S. government agencies have their own drafting style guides, which must be fol-
lowed in the performance of contract work. They might, for example, have their own
specialized symbols or make specific selections in cases where two or more alterna-
tive symbols are approved and accepted by the industry. All drawings produced for the
bidding process and later construction phases must be drawn in accordance with these
guidelines.

Some CAD programs are capable of producing the proper forms and making the
necessary calculations to produce material lists and cost estimates based on the num-
ber and type of symbols placed on the drawing.

The benefits of CAD electrical drawing are the following.

■ Saving time in the preparation of all types of electrical drawings.
■ Eliminating the tedious tasks of lettering and drawing uniform lines and symbols.
■ Permitting the transfer of large sections of drawings prepared originally for one

project to be reused on a different project.
■ Providing databases of “families” of master digitized drawings that can be modi-

fied for reuse on other projects or become de facto templates for new drawings.
■ Making rapid changes on completed and approved drawings to reflect field changes

such as the substitution of different equipment.
■ Making rapid corrections of mistakes or oversights that have been discovered.
■ Reproducing corrected drawings rapidly for use in the field, eliminating concern

that work might be done against obsolete drawings, necessitating costly rework.
■ Permitting work to be done on a specific drawing by two or more persons at sepa-

rate workstations within the same office or miles apart, because data can be trans-
mitted over networks to a master workstation. This permits two or more persons to
participate in the design work in real time.

■ Reducing the space required to store completed drawings, because digital data can
be stored on a centralized server, computer disks, or CD-ROMs.

■ Accelerating the distribution of drawings to all concerned parties: owners, con-
tractors, equipment manufacturers, and suppliers. The drawing data can be trans-
mitted over computer networks and printed out by the recipient, saving time and
delivery cost.

■ Providing a secure backup for all master drawings files if the drafting offices are
destroyed by fire or flood, saving the time and expense needed to reconstruct the
drawings from alternative sources.
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Electrical CAD Software
Some software publishers specialize in electrical design CAD software for both elec-
trical drafting and estimation. These software packages typically supplement the capa-
bilities of AutoCAD, a recognized proprietary brand of general-purpose CAD
software. AutoCAD can be adapted to many different technologies, but it does not
contain coding for either electrical drawing or estimation.

The basic AutoCAD software has a menu structure that permits drawing lines, cir-
cles, arcs, rectangles, polygons, spline curves, and hatching. It also permits the gener-
ation of text, scaling, and dimensioning. The modifying commands include erase,
copy, mirror, stretch, and array. It also permits the creation of blocks and templates.

The electrical drafting software builds on these capabilities and contains a library of
hundreds of standard electrical symbols as well as a collection of easily modified
detail diagrams, schedules, and title blocks. The default symbol library included in the
software can be customized to accommodate all user or client drawing standards that
are different.

The electrical software permits the designer to make accurate measurements of all
circuit routings, regardless of the scale of the drawing. It also contains an architec-
tural drafting “toolkit” that permits the drafter to modify a building’s architectural
floor plan to include any desired electrical work that cannot be accommodated in the
original design. For example, a wall location might be moved to allow more space for
the installation of a flush-mounted electrical cabinet or the installation of structured
wiring bundles.

Logic inherent in the software monitors the use of the symbols and indicates possi-
ble errors. Electrical drafting software typically includes the following functions.

■ Multiple user interfaces: mouse-driven, on-screen, and digitized template formats.
These menu systems are designed to be intuitive, to save the draftsperson’s time in
calling up desired functions.

■ Automatic graphics and text sizing to adjust to required drawing scales.
■ Customizable layer management that accommodates all layering procedures

required where interconnected electrical circuits exist on two or more floors.
■ Modular riser symbols for quick assembly of single-line diagrams. Symbols and

connecting feeders can be put together quickly in building-block fashion.
■ Automatic labeling features for circuitry, feeders, special raceways, cabling, fix-

tures, and equipment, with various line-breaking routines and branch or feeder
markings.

ELECTRICAL COST ESTIMATION SOFTWARE

CAD software revolutionized the drafting process and eliminated the drudgery of
manual drawing by permitting engineering drawing to be made on computer screens,
speeding up the entire design process. It was later found that the digital data accumu-
lated in the preparation of CAD drawing could serve double duty by taking the
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drudgery out of cost estimation of electrical projects, a task that must be performed as
part of the bidding and overall project cost estimation process.

Some estimation software has the ability to keep track of the number and kind of
electrical devices and wiring placed on a CAD drawing, either during its prepara-
tion or after the drawing is completed, to produce the desired estimation documen-
tation automatically.

CAD Drawing Plotters
Special plotting equipment is required to print out drawing sizes larger than about
8.5 � 14 in., the upper limit of most standard office inkjet or laser printers. Today
there are many different models of inkjet plotters capable of printing out drawings
up to 42 in. wide on rolls of paper, vellum, or film that permit drawing lengths that
are proportional to their widths. The printing can be done on any of eight different
types of media, including five different kinds of paper and two different kinds of
film. These plotters use the same thermal inkjet printing technology as standard off-
the-shelf desktop inkjet printers. The cost of plotters depends on such factors as

■ Width of drawings they can print (typically from 24 to 42 in.)
■ Print quality in dots per inch (dpi)
■ Ability to print in color in addition to black
■ Ability to send and receive digitized drawing data over networks

Table 1-1 lists the range of features and capabilities found on commercially available
inkjet plotters. Basic inkjet plotters that print only in black on media up to 24 in. wide
with acceptable 600 � 600 dpi print quality are now priced under $1500. However, top-
of-the-line plotters are priced up to $8000; they can also print in color on media up to
42 in. wide, offer print quality of 1200 � 600 dpi, and include a hard-disk drive and
circuitry for sending and receiving digitized drawing data over computer networks.

Drawing Sizes and Conventions
Most electrical drawings are drawn on 18 � 24 in. to 24 � 36 in. paper, but some mea-
sure as large as 30 � 42 in. From small to large they are sized A through D.

DRAWING TITLE BLOCKS

Electrical drawings typically contain a title block in the lower right-hand corner to
identify both the intent and the source of the drawing. The contents of title blocks have
generally been standardized so that all persons having access to the drawings and a
need to use them can find the information they want in the same location, regardless
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of the origin of the drawing. Uniformity in drawing style, format, and typefaces can
eliminate time wasted and frustration in searching for needed information.

Title block size is generally proportional to both drawing size and the extent of
information needed in it. A typical drawing block contains all or most of the follow-
ing information:

■ Name of the project and its address
■ General description of the drawing
■ Name and address of the owner or client
■ Name and address of the organization that prepared the drawing
■ Scale(s) of the drawing
■ Approval block containing the initials of the drafter, checker, and design supervisor

who approved the drawing, all accompanied by initialing dates for accountability
■ Job number
■ Sheet number

The objective of the initialing process is identify all of the persons who participat-
ed in the drawing process and provide a paper trail to assure accountability for the
accuracy of the drawing. Some drawings also include the signature, initials, or profes-
sional stamps or seals of the responsible architect or consulting engineer, and some
also include the initials of the project owner or representative.
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TABLE 1-1 CHARACTERISTICS OF THERMAL INKJET PLOTTERS 
(Based on Available Commercial Models)

Media sizes (1) 8.3 � 8 in. to 42 � 600 in.

Print length (max.) 50 ft

Print technology Thermal inkjet

Print quality (black best) 600 � 600 dpi to 1200 � 600 dpi

Print color (2) Black (cyan, magenta, yellow optional)

Print languages HP-GL/2, HP-GL, HP-RTL, HP-PCL3-GUI

Media types Bright white inkjet paper (bond), translucent bond,
natural tracing paper, vellum, clear film, matte film,
coated paper, gloss photo paper

Memory (3) 4 MB RAM to 96 MB RAM

Connectivity, opt. (4) Centronics parallel, IEEE-1284-compliant, USB1.1
(Windows 98 and 2000)

Dimensions (W � D � H) 40 � 9 � 13 in. to 49 � 19 � 14 in.

NOTES:
(1) For engineering applications drawing sizes A, B, C, D, and E.
(2) Colors standard on some models.
(3) High-end models include hard-disk drive.
(4) Applies only to network-compatible models.
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DRAWING REVISION BLOCKS

Revision blocks are lists of changes accompanied by the dates of those changes and the
initials of the person who made them. This information is contained within a lined and
bordered block adjacent to the title block. The initial change entry is made just above
the lower margin of the drawing, and all subsequent changes are listed in date order
ascending from the first entry. This means that the latest change entry is always at the
top of the revision block so that the history of changes can be read in top-down order.

Drawing Reproduction
Most of today’s engineering drawing standards were adopted when engineering draw-
ings were drawn manually and lettered with pencil or ink on translucent vellum sheets.
Those drawings were made on translucent cloth media so that they could be repro-
duced by placing the master drawing on photosensitive paper and passing it through a
reproduction machine. The underlying photosensitive paper was exposed to light that
passed through the drawing. It was then “developed” by a chemical process.

The blueprint process (white lines and features on a blue background) predominated
until the middle of the last century. The Ozalid diazo blueline process (blue lines and fea-
tures on a white background) has superseded blueprinting as the preferred method for
reproducing drawing. It can be used to reproduce CAD or manually prepared drawings.

The cost of Ozalid process reproduction of drawings is less than that for blueprints or
direct printout on a plotter, and it is faster than either of the other processes. Moreover,
blueline prints, like black-on-white inkjet printouts, are easier to read than blueprints.

The Ozalid printer is contained in a long metal bench-mounted box containing a
conveyer-belt system and an ultraviolet lamp. The conveyer moves the master draw-
ing, paired with light-sensitive diazo paper, past an ultraviolet light tube that extends
the length of the machine. These machines are capable of reproducing drawings in
sizes up to 30 � 42 in.

The inkjet plotter has not eliminated the need for the Ozalid machine. The Ozalid
process is still used to reproduce earlier manually prepared file-drawing masters, and
it can reproduce CAD drawings that have been printed on translucent vellum by an
inkjet plotter.

Drawing Line Widths and Styles
Line widths and styles convey different kinds of information on engineering and archi-
tectural drawings. For example, dashed lines have one meaning and dotted lines another.
Center lines of alternating short and long segments divide drawing elements, and dashed
lines with uniform segments and spaces show physical connections between drawing ele-
ments. Technical details on drawings are indicated by graphic symbols combined with
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lines. However, there is no uniformity in the use of lines that appear on architectural,
mechanical, electrical, electronic, and civil engineering drawings.

Line widths on manually prepared engineering drawing were obtained by inserting
graphite “leads” of different thickness in holders and shaping their ends as wedges to
be dragged along the drawings. Alternatively, if the drawings were inked, the spacing
between the blades of ruling pens was adjusted to the desired spread with a small thumb
screw and India ink was inserted between the blades, where it was retained by capillary
action. As the pen was dragged along the drawing media, the ink flowed out in the
desired width. However, the drafter had to manually set the lengths of dashes and
spaces on straight and curved lines, a tedious task that required high concentration.

CAD has eliminated the chore of manually drawing lines of uniform width and uni-
form dashes and spaces between them. The draftsperson can select the appropriate line
width and style from a menu on the workstation screen. The lines selected can be
drawn horizontally, vertically, or at any desired angle.

Electrical engineers have generally agreed on the line conventions that represent
wires, cables, conduit, and wiring within conduit, as illustrated in Fig. 1-1. For exam-
ple, branch circuit power wiring is represented as a solid line, while both switched
and control wiring are represented by broken lines. Abbreviations inserted within
breaks in the lines, such as “EM” for emergency and “CT” for cable tray, identify
their functions. Home runs from electrical devices to panels are represented as lines
with arrowheads.

However, there is no enforcement of generally acceptable line drawing standards
within the industry. Unless the draftsperson is required to follow a company style or
style is mandated by the client, there are many possible variations of the line samples
shown in the figure. For example, some drawings show branch circuit wiring as heavy
lines and control wiring as fine lines.
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Figure 1-1 Lines used to indicate wiring on electrical drawings.
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Also, in some drawings the number of wires in a cable or conduit is indicated by
short diagonal slashmarks made through the line. This convention might be followed
only if there are more than three wires. In other schemes, wire gauge is indicated by
numbers positioned above or below the slashmarks.

A properly prepared drawing will include a key of symbols that explains the mean-
ings of all of the lines and symbols. Reference should always be made to this key to
verify the meanings of lines and symbols before trying to interpret the drawing.

Electrical Graphic Symbols
Electrical engineers and designers generally follow accepted standards for the basic
electrical and electronic symbols. These electrical symbols can be classified as those
used on connection and interconnection diagrams and those used on elementary or
schematic diagrams.

Connection and interconnection symbols represent complete electrical devices such
as switch outlets, receptacle outlets, lighting fixtures or luminaires, and auxiliary sys-
tems. These symbols take the form of relatively simple geometric shapes modified
with lines and letters inside or outside of them. The intent was to create a kind of tech-
nical shorhand that could be easily learned. They were kept simple to reduce the time
and expense of preparing drawings, particularly those used in the field for installation
of common off-the-shelf electrical components.

Figure 1-2 includes a selection of electrical connection and interconnection symbols
recommended by the American National Standards Institute (ANSI) for use on architec-
tural drawings. These symbols, or modified versions of them, are widely used on elec-
trical drawings in North America. Appendix A also includes a page of these symbols.

CAD electrical drafting software has eliminated the chore of reproducing these
symbols. The software contains a library of symbols that can be accessed from a
menu, downloaded, and dragged into position on the face of the screen as needed. The
basic symbols can be modified to fulfill special requirements or identify devices not
listed in the standard symbol list. In the past, symbols were usually drawn by the
draftsperson tracing around the inside of geometric cutouts in templates made of sheet
plastic.

As with line conventions, the motivation for using standardized symbols is to elim-
inate the time involved in trying to interpret drawings that include unfamiliar propri-
etary symbols. It is important that the symbols be easily recognized by all parties
involved in an electrical project, from the designer to the electricians doing the work.
As a result, the chances of making costly mistakes in interpretation are lessened.

Moreover, large architectural and consulting engineering firms with national and
international clients approve of symbol standardization because of the many people of
different backgrounds, languages, and cultures who could be using the drawings. This
is especially true of large-scale new construction projects such as hospitals, power sta-
tions, and industrial plants involving many different contractors.

ELECTRICAL GRAPHIC SYMBOLS 11

TLFeBOOK



As a condition of accepting a contract, many government agencies and large corpo-
rations require that drawings and specifications meet their standards. They provide
architectural and engineering design firms and eligible contractors with copies of their
documentation and drawing standards before any work is done. U.S. government agen-
cies including the Department of Defense (DoD), the National Aeronautics and Space
Administration (NASA), and the National Security Agency (NSA) each issue their
own drawing and specification standards.

12 PLANNING FOR ELECTRICAL DESIGN

Figure 1-2 Graphic symbols for electrical wiring diagrams.
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ELECTRICAL CONNECTION AND INTERCONNECTION 
SYMBOLS

It can be seen in Fig. 1-2 that the basic symbol for the single-pole switch classed under
“switch outlets” is the letter “S,” but the symbol can be modified to represent other
switches by adding number or letter subscripts to indicate switch outlets such as dou-
ble-pole, three-way, and four-way, or functions such as pilot light, thermostat, timer,
and ceiling pull switch.

A circle intersected by a horizontal line is the symbol for a single grounded recep-
tacle in the “receptacle outlets” category. By adding additional lines to represent the
number of outlets, the single-receptacle symbol becomes the symbol for duplex,
triplex, and fourplex receptacles. Also, by adding letter abbreviations for special func-
tions such as range, and ground-fault circuit interrupter (GFCI), symbols for other
receptacles are obtained. If the receptacles are ungrounded, they are followed by the
letters “UNG.”

In a similar manner, the basic symbol for a luminaire in the “lighting outlets” cate-
gory is a plain circle, but adding a short line projecting to the left makes it a wall-
mounted luminaire. Here again, letters within the circle, such as “X” or “J,” represent
functions such as exit and junction.

Most of the symbols in the “auxiliary systems” or “residential occupancies” cate-
gory are based on the square, but some are based on circles. Here again, letters can be
used within the symbol, such as “TV” to represent a television jack and “CH” to rep-
resent a chime. Other symbols in this group include those for bells, buzzers, smoke
detectors, telephone outlets, pushbuttons, and ceiling fans.

In the case of luminaire symbols, schedules either on the drawing or within the writ-
ten specifications provide supplementary information about that luminaire, including
the name of the manufacturer, its catalog number, the type of lamp to be installed, volt-
age, finish, and mounting method.

Symbols for many of the objects are drawn in sizes that approximate the size of the
actual object drawn to the same scale as the architectural floor plan. They are accu-
rately located on the floor plan with respect to the building configuration, walls, doors,
windows, etc. Where extreme accuracy is required in locating outlets, luminaires, or
electrically powered equipment, exact dimensions are given from reference points on
the floor plans, such as height above the finished floor line or distance to the nearest
finished wall.

The key of symbols previously mentioned identifies the symbols and all included
internal letters or letter and number subscripts. There are also graphic symbols for
distribution centers, panelboards, transformers, and safety switches not shown here.
Unless mandated by contract requirements, the designer is free to modify standard
symbols as desired, provided that they are identified in the key of symbols or other
contract documentation. A detailed description of the service equipment on a pro-
ject is usually given in the panelboard schedule or in the written specifications.
However, on small projects the service equipment might be identified only by notes
on the drawing.

Appendix A includes a compilation of these ANSI architectural symbols.
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ELECTRICAL SCHEMATIC SYMBOLS

Another group of symbols, called elementary or schematic symbols, is used on elec-
trical one-line and schematic drawings. A selection of these symbols is shown in Fig.
1-3. Electrical schematic symbols are used in drawing circuits such as those for motor
starters or the wiring inside appliances or building service equipment.
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Electricians installing equipment in the field might work with electrical schematic
diagrams if it is necessary to make specific connections inside an appliance or to hook
up a motor for a furnace, hot water heater, fan, compressor, pump, or other machine.

There are graphic symbols for all of the basic components in an electrical circuit,
such as capacitors, fuses, motors, meters, resistors, switches, and transformers. These
symbols are generally pictorial representations of the electrical functions performed
by the components. Most of these symbols were first used near the end of the nine-
teenth century, well before electronics was considered a separate technology, but the
set of standard symbols has been modified over the intervening years.

During World War II the U.S. Navy and War departments ordered the simplification
of some of the symbols to speed up the manual preparation of drawings for military
procurement. These were later made standards by the U.S. Department of Defense. For
example, the loops in the symbols for windings or coils that were standard on prewar
electrical drawing for inductors and transformers were replaced by easier-to-draw
scalloped lines. However, these obsolete symbols can still be seen in some textbooks
and equipment manufacturers’ catalogs. There is less uniformity in the depiction and
use of standard electrical schematic symbols in manufacturers’ catalogs and installa-
tion and maintenance diagrams because many of the older, well-established electrical
equipment manufacturers still favor the traditional symbols.

Some of the basic symbols are described below.

■ Battery: The multicell battery symbol is a set of long thin and short thick parallel
line segments representing poles, as shown in Fig. 1-3a. It is used on both electri-
cal and electronic schematics in North America. The plus sign next to the long seg-
ment identifies the positive pole.

■ Capacitor: The capacitor symbol used in both electrical and electronic schematics
is a straight line segment next to a curved line segment, as shown in Fig. 1-3b.

■ Circuit breakers: The symbol for both thermal and thermal-magnetic circuit break-
ers rated for less than 600 V is a semicircle positioned over a gap between the ends
of two conductors, as shown in Fig. 1-3c. The symbol for higher-rated circuit break-
ers, such as the oil-immersed units in distribution substations, is a square contain-
ing the letters “CB,” also shown in the figure.

■ Inductors or windings: The modern symbol for an inductor or winding is a scal-
loped line used to signify a single winding, as shown in Fig. 1-3d. If the inductor
has a ferromagnetic core, two parallel lines are drawn next to the scalloped line, as
shown in the same figure. However, some one-line electrical diagrams still use
zigzag lines as symbols for inductors.

■ Fuses: In electrical drawings, the fuse symbol is either a rectangle with bands at
each end, as shown in Fig. 1-3e, or a sine-wave curve, also shown in the figure. The
latter symbol, however, is more commonly seen on electronic schematics.

■ Ground connection: Three parallel line segments of diminishing length intersected
by a vertical line representing the conductor, as shown in Fig. 1-3f, is the symbol
for an earth ground. This symbol is also used on electronic schematics.

■ Lamps: The schematic symbol for a lamp can be a circle with four radiating line seg-
ments 90° apart, as shown in Fig. 1-3g. These could include a “W” for white or an
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“R” for red, with the designation “PL” for pilot light. An alternative is a circle with
a cross inside.

■ Meters: The basic meter symbol is a circle; an “A” inside represents an ammeter, a
“V” a voltmeter, and a “W” a wattmeter, as shown in Fig. 1-3h.

■ DC motors: There are many different symbols for motors, the most basic being a
circle representing the frame and the letter “M” inside. The type of motor must be
determined from the context of the drawing. Common variations for DC motors
include circles with marks representing brushes or circles with the horsepower rat-
ings within the circle, as shown in Fig. 1-3i. DC motors have also been represented
by a circle with the letters “Arm” inside to designate an armature, with the symbol
for a series or field winding attached.

■ AC motors: The basic symbol for a single-phase AC motor is a circle with two pro-
jecting line segments, while a three-phase motor symbol is a circle with three line
segments. The symbols for three-phase synchronous and induction AC motors are
shown in Fig. 1-3j.

■ Generator: The generator symbol is a circle with a “G” inside and two tangent lines
representing brushes, as shown in Fig. 1-3k.

Note: It is common practice to provide additional information on motors and gen-
erators in a schedule on the drawing. This includes identification of the manufactur-
er, type, and horsepower rating for a motor or output voltage rating for a generator.

■ Resistors and rheostats: A rectangle with line segments projecting from each end,
as shown in Fig. 1-3l, is the most commonly used symbol for a resistor on electri-
cal schematics. The symbol for a rheostat, variable resistor, or potentiometer on
electrical schematics is shown in Fig. 1-3m. It represents a movable contact or
wiper on a curved resistive element.

■ Switches: Four different switch symbols commonly used on electrical schematics
are shown in Fig. 1-3n. The single-throw knife switch symbol is a line representing
a pole connected at one end to a conductor and offset so that when closed it will
bridge the gap to complete the circuit. The double-throw knife switch symbol is two
single-throw switches in parallel, with their poles connected. The normally open
(N.O.) pushbutton switch symbol is an inverted T-shaped pole above a gap between
two conductors, and a normally closed (N.C.) pushbutton switch has its pole bridg-
ing the gap between two conductors, completing the circuit. These symbols are also
used on electronic schematics.

■ Transformers: The basic electrical symbol for a transformer is a parallel pair of scal-
loped lines representing windings, but the symbol for a transformer with an iron core
(or steel laminations) has two parallel lines between the windings, as shown in Fig.
1-3o. Other symbols in the figure are those for current and potential or voltage trans-
formers. However, the zigzag symbol is still widely used on electrical one-line draw-
ings to represent a transformer. An autotransformer or single-winding transformer is
represented as a single winding with several taps, as shown in the figure.

■ Circuit breaker configurations: Two or more circuit breaker poles can be organized
to open or close simultaneously, as shown in Fig. 1-4a. Circuit breakers with ther-
mal trip units (thermal overloads) are represented as having conjoined C-shaped
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elements connected to one conductor, and those with magnetic trip coils (protective
relays) are represented as Z-shaped elements connected to one conductor.

■ Limit switch positions: Limit switch symbols are drawn as parallel lines or as
modified switch symbols, as shown in Fig. 1-4b. Both “normally open” (N.O.)
and “normally closed” (N.C.) limit switch symbols are illustrated.

ELECTRICAL GRAPHIC SYMBOLS 17

Figure 1-4 Graphic symbols for electrical schematics, Part 2.

TLFeBOOK



■ Contactor states (for limit switches and relays): The parallel line symbol for a con-
tactor, as shown in Fig. 1-4c, is widely used in electrical schematic drawings and
logic diagrams. A gap between the lines indicates that they are normally open
(N.O.), but a diagonal line across the symbol indicates that they are normally closed
(N.C.). The letters “TC” adjacent to the symbol indicate “time-delay closing,” while
the letters “TO” indicate “time-delay opening.” Alternative symbols for contactors
with equivalent meanings shown here are modifications of the standard knife
switch symbol.

■ Contactor symbols on schematic drawings are usually accompanied by the symbol
for a coil, a circle enclosing a letter “C.”

Electronic Graphic Symbols
Before the turn of the twentieth century the electrical industry was engaged in the
manufacture and installation of equipment for DC and AC power generation and light-
ing, and transmission, and distribution, is still very much its role today. At that time
there were also separate telegraphy and telephony industries. The Atlantic Cable was
functioning, and there were practical telegraph systems and telephone companies in
the advanced Western countries. However, about that time experiments demonstrated
that wireless telegraphy was practical, and after Guglielmo Marconi sent a wireless
signal across the Atlantic in December 1901, the radio industry was born.

The early radio industry focused on the design and manufacture of components and
equipment for transmitting and receiving radio signals. Although it was a spinoff of
the electrical power industry and depended on the same electrical laws and measure-
ment instruments as well as many of the same components, it developed as a separate
industry with no links to the power, telephone, or telegraph industries.

After World War II the radio industry evolved into what is now known as the elec-
tronics industry, which has expanded to include computers and computer science.
From its origins in the development of vacuum tubes and their application in rectifiers,
detectors, amplifiers, and radio transmitting and receiving equipment, it went on to
produce semiconductor devices and integrated circuits.

It was not long before the benefits of electronics in terms or reliability, low power
consumption, and versatility attracted the attention of the electrical power industry,
which began to incorporate electronic devices and circuits into its equipment. This
brought the electrical power and electronics industries closer together.

Soon electromechanical rectifiers were replaced by solid-state rectifiers, electronic
instruments replaced moving-coil instruments, and in many applications solid-state
electronic relays began to replace electromechanical relays.

Today the electronic/computer industry has a close cooperative relationship with the
electrical power industry. Electronic ballasts are replacing magnetic ballasts for fluorescent
lamps, and solid-state circuits have made possible such products as dimmers, GFCI cir-
cuits, occupancy sensors, and surge protectors. Microcontrollers have also replaced banks
of relays for the control of a wide range of appliances, machines, and motion controllers.
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Despite this close tie between electronics and electrical power, it is still possible
for an electrician or electrical contractor to perform his or her work without train-
ing in electronics; however, that situation is fast changing, due in large part to
deregulation of both the telephone and electrical power industries. A working
knowledge of electronics is now considered to be an essential part of the training
for electrical contractors and electricians as well as electrical equipment and main-
tenance personnel.

As discussed earlier, many of the original electrical symbols have been adopted by
the electronics industry for use on electronic schematics. They include symbols for the
battery, capacitor, earth ground, lamp, and transformer. However, a new set of spe-
cialized radio (and later television) symbols had to be developed to represent compo-
nents not found in electrical power circuits. These include antennas, cathode-ray tubes,
headphones, speakers, radio-frequency coils, crystals, and receiving tubes. Later, new
symbols were developed for thyratrons, magnetrons, klystrons, traveling-wave tubes,
solar cells, transistors, and integrated circuits.

Figure 1-5 illustrates some of the more commonly used electronic symbols that are
likely to appear on schematics for the rectification, amplification, and control of power.
Electronics schematics identify each symbol with an alphanumeric code and rating
information near the symbol. For example, batteries are rated in volts, capacitors in
microfarads, inductors in microhenries, and resistors in ohms.

■ Batteries: The multicell battery symbol shown in Fig. 1-5a is common to both elec-
trical and electronic drawings. The symbol for a single cell (also called a battery) is
more commonly found on electronic schematics. Batteries are identified on elec-
tronic schematics as B1, B2, etc.

■ Capacitors: Electronic schematics distinguish between various types of capacitors,
as shown in Fig. 1-5b. The symbol for the variable capacitor has an arrow through
it, and the symbol for the electrolytic capacitor has a plus sign above it to indicate
its polarization. Capacitors are identified on electronic schematics as C1, C2, etc.,
and their values in microfarads (�F) are usually given.

■ Inductors: Electronic schematics use the same symbols for windings, coils, or
inductors as electrical schematics, as shown in Fig. 1-5c. Inductors are identified
on electronic schematics as L1, L2, etc.

■ Diodes: The diode symbol in electronic schematics is an arrowhead pointing to the
flow of conventional current, as shown in Fig. 1-5d. Electronic schematics include
many different variations on this basic symbol to represent zener diodes, light-emitting
diodes (LEDs), and thyristors. The outward-directed arrows on the LED symbol
represent emitted light. Diodes on electrical schematics are identified as D1, D2,
etc., but LEDs are identified as LED1, LED2, etc.

■ Fuses: The electronic symbol for a fuse is a sine-wave shape, as shown in Fig. 1-
5e. Fuses are identified on electronic schematics as F1, F2, etc.

■ Ground: Electronic schematics use the same ground symbol as electrical schemat-
ics, as shown in Fig. 1-5f.

■ Integrated circuits (ICs): The symbol for an integrated circuit is a rectangle with
the projecting lines representing its pins, as shown in Fig. 1-5g. It is a pictorial
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representation of a rectangular IC package as viewed from the top. The notch at one
end indicates the starting point for pin numbering. The first pin is on the upper right
corner and numbering continues counterclockwise around the device, with the last
pin at the lower right corner. This information is important for orienting the IC cor-
rectly in a circuit. ICs are identified as IC1, IC2, etc. They might also be identified

20 PLANNING FOR ELECTRICAL DESIGN

Figure 1-5 Graphic symbols for electronic schematics.

TLFeBOOK



with industry standard type numbers such as 555 or 7447, or a manufacturer’s numer-
ical designation such as CD4040. The most advanced and fastest microprocessors are
also represented by this symbol, but they will have many more pins than most ICs.

■ Thyristors: The symbol for the most common half-wave thyristor, the SCR (for sil-
icon controlled rectifier), and the triac are shown in Fig. 1-5h. They are three-ter-
minal variations on the basic diode symbol.

■ Transistors: Figure 1-5i shows the symbols for typical discrete power transistors
that are widely used in electrical control systems. Other symbols have been devel-
oped for various field-effect transistors (FETs). The MOSFET and power MOSFET
symbols are shown here. On electronic schematics transistors are identified as Q1,
Q2, etc. They are also marked with an industry standard number or the manufac-
turer’s proprietary designation.

■ Rectifier bridges: A configuration of four rectifier diodes, as shown in Fig. 1-5j, is
called a bridge. Bridges are widely used in electrical equipment for rectifying full-
wave AC. Bridges are identified on electronic schematics as BR1, BR2, etc.

■ Relay: The electronic schematic relay symbols shown in Fig. 1-5k are more detailed
than the relay symbols shown on electrical schematics. The rectangle above the
relay contacts represents a solenoid. In this example the contacts are normally open
(N.O.). When the solenoid is energized, the contacts will close. Relays are identi-
fied on electronic schematics as RY1, RY2, etc.

■ Resistors: The zigzag line symbol in Fig. 1-5l is the one accepted for U.S. electronic
schematics. The variable resistor or potentiometer symbol is the resistor symbol
with an arrow at right angles to indicate a movable contact. Resistors are identified
as R1, R2, etc., and the value in ohms is usually given.

■ Switches: The electronic symbols for switches shown in Fig. 1-5m are the same as
those used on electrical schematics. Switches on electronic schematics are identi-
fied as S1, S2, etc.

■ Transformers: The symbols for transformers, as shown in Fig. 1-5n, are basically
the same the same as those used on electrical schematics. Transformers are identi-
fied on electronic schematics as T1, T2, etc.

Drawing Schedules
Drawing schedules are systematic listings of equipment in tabular form accompanied
by identification notes. They provide information about the components and equip-
ment shown as symbols on the drawings. Schedules typically are placed on one-line
drawings, wiring diagrams, and riser drawings.

Schedules on drawing sheets are more convenient for the use of field supervisors,
electricians, and installers than separate specification pages that could be easily lost or
misplaced in the field, and they save time required to find the information on separate
pages. Also, when the schedules are on the related drawings, the draftsperson is better
able to coordinate the symbols with the supporting information. This simplifies mak-
ing changes and assures data accuracy without having to cross-reference other sources.
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A luminaire schedule, for example, typically lists the luminaire number, type, man-
ufacturer, catalog number, and mounting method. It might also include a symbol key
to identify the luminaire symbols on the drawing.

The information in schedules might also be duplicated in the written specifications
for contract management and supervision purposes, but these specifications are not
always available on the job site. Other schedules frequently found on electrical draw-
ings include connected load, panelboard, electric heat, kitchen equipment, and recep-
tacle. These schedules are placed on drawings for homes, offices, and small
commercial businesses. However, many other kinds of equipment schedules appear on
drawing sets for high-rise buildings, factories, shopping centers, and other more
complex projects.

Electrical Project Drawings
ELECTRICAL WIRING DIAGRAMS

The most common electrical drawings are wiring diagrams or wiring plans. In these
drawings the electrical lines and symbols are superimposed on an architectural floor
plan, as shown in Fig. 1-6. The drawing scale must be large enough to permit symbols
and line conventions to be drawn legibly. Floor plans for new homes, office buildings,
and large industrial, commercial, or government projects are drawn by architectural
drafters to a scale appropriate to the floor area of the building or project. The scales
selected are typically from 1⁄4 in. equals 1 ft to 1 in. equals 1 ft, and depend on build-
ing size. The electrical designer marks the symbols for the electrical devices such as
switches, receptacles, and luminaires and lines representing wires or relationships on
a copy of the floor plan.

Some electrical design CAD software includes code for making changes in the
architectural drawing if that becomes necessary. For example, it might be necessary to
relocate a wall to provide enough space behind it to run cable bundles or permit deep
electrical panels to be flush-mounted. The electrical designer might make those
changes based on his or her knowledge of building construction and the space require-
ments for the cables or panels to be placed behind the walls.

Figure 1-6 is a one-sheet electrical wiring diagram for a two-bedroom private home.
It contains many of the same elements that would be found on wiring diagrams for
larger commercial or industrial buildings. This diagram contains a key of symbols and
a list of branch circuit ratings to guide the electricians or installers in the field.

Wiring diagrams are important because they are required for obtaining work per-
mits from local building inspectors and approval by the local power utility. The wiring
diagram gives the building electrical inspector an overview of the scope of the work
to be performed and later serves as a guide for the inspector during the work in
progress and after the work is completed. In situations where the project involves new
or updated connections to the power line, the local power utility must be informed and
may ask for a copy of the wiring diagram.
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The wiring diagram is also a major source of information for preparing lists of
materials, and it also serves as a guide for sizing cable lengths and scheduling the
installation of electrical devices and building services. A properly prepared wiring dia-
gram should be comprehensible to those who are familiar with the symbols and con-
ventions used in preparing it.
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Figure 1-6 Electrical system drawing for a two-bedroom home. The dashed
lines match the luminaires to the switches that control them.
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Because wiring diagrams are two-dimensional floor plan drawings, they do not include
information about the heights of switches, receptacles, and luminaires above the floor.
With the exception of ceiling fixtures, which are obvious from the diagram, the heights
of receptacles and switches above the floor and their separation distances are dictated
by the National Electrical Code® (NEC®)* and local building codes. In most cases the
local codes will be keyed to the NEC, but they may be more specific about certain details
based on local experience. For example, where soil conditions are typically dry a more
elaborate grounding system might be required, or more provisions for protection against
lightning strikes might be required in parts of the country where there is a high incidence
of lightning. Any exceptions to the NEC requirements for device placement must be noted
on the diagram. For example, switches and receptacles might be placed at more conve-
nient heights for the handicapped occupants or those in wheelchairs.

Nevertheless, it is possible for a homeowner without formal training or experience
in electrical wiring to prepare an acceptable wiring diagram if all of the rules and pro-
cedures are followed. A basic requirement, however, is familiarity with all of the rele-
vant sections of the NEC, with emphasis on chapters 1–4. All submissions of wiring
diagrams should be accompanied by a copy of a list of materials and a symbol key.

Some basic rules for the preparation of an acceptable wiring diagram are as follows.

■ Draw or obtain a scaled architectural drawing of the floor area to be wired showing
walls, doors, windows, plumbing pipes and fixtures, and heating and cooling ducts.

■ Determine the floor area by multiplying the room length by width and then deduct any
floor areas occupied by closets and storage areas. Indicate this figure on the diagram.

■ Mark the location of switches, receptacles, luminaires, and permanent appliances
such as ranges, microwave ovens, heat exchangers, and attic fans with standard
electrical symbols.

■ Draw in cable runs between wiring devices, indicating approved cables by type des-
ignation, wire gauge, insulation type, and branch circuit amperage. If conduit is
used, size and location should be given.

■ Identify the wattages for luminaires, permanent appliances such as ranges and air-
conditioning systems, building service equipment such as furnaces and hot water
heaters, and the type and size of each electrical box.

ONE-LINE DIAGRAMS

One of the most important drawing types for the design of a new electrical system or
modernizing an existing system is the one-line drawing. It uses single lines and stan-
dard symbols to show electrical wiring or busbars and component parts of an electric
circuit or system of circuits. The one-line drawing differs from the wiring diagram in
that it does not specify device (receptacle, switch, luminaire, etc.) locations or switch
locations for controlling those devices.

The one-line diagram in Fig. 1-7 gives an overview of a complete system and how it
works. For example, a three-phase load requires three wires, and each wire has its own
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pole of a control switch and one overcurrent device. It is not necessary to repeat this
information three times on the diagram; one line shows what happens to all three wires.

General rules must be followed in preparing one-line diagrams. Compliance with
these rules helps to ensure a complete, accurate, and easily interpreted diagram.

■ Indicate relative positions of components in a building or factory. For example, dis-
tinguish between those parts of the system that are inside or outside a building. This
makes the drawing easier to interpret because components are properly located with
respect to each other.
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Figure 1-7 Typical one-line electrical diagram.
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■ Avoid duplication of lines symbols, figures, and letters. A one-line drawing is a pre-
cise form of technical communication, and every line, symbol, figure, and letter has
a definite meaning. Unnecessary duplication will make interpretation more difficult.

■ Use standard electrical symbols for the more common wiring devices. The use of
alternative or modified symbols for common wiring devices leads to confusion and
detracts from the correct interpretation of symbols for unusual or special components.

■ Allow for future expansion, either on the drawing or with explanatory notes.
■ Include correct title data. Assign titles with care to be sure that they identify each

component correctly, eliminating confusion with other components in the system.
■ Include all pertinent technical information.

The following checklist will be helpful in avoiding the omission of important tech-
nical information.

■ Manufacturers’ designations and ratings of all machines and power transformers
included in the project

■ Ratios of current and voltage transformers, taps to be used on multiratio trans-
formers, and connections of dual-ratio current transformers

■ Connections of power transformer windings
■ Circuit breaker ratings in volts and amperes, interrupting ratings, and type and

number of trip coils on circuit breakers
■ Switch and fuse ratings in volts and amperes
■ Any special features of fuses (current limiting, dual element, etc.)
■ Functions of relays
■ Size and type of conductors
■ Voltage, phase, and frequency of incoming circuits; indicate wye and delta systems,

and show whether they are grounded or ungrounded

POWER RISER DIAGRAMS

Power riser diagrams are single-line diagrams showing electrical equipment and instal-
lations in elevation. Figure 1-8 is an example drawn for a combined office and ware-
house. It shows all of the electrical equipment and the connecting lines for service
entrance conductors and feeders. Notes identify equipment, the size of conduit neces-
sary for each feeder, and the number, size, and type of conductors in each conduit.

ELECTRICAL SCHEMATIC DIAGRAMS

Electrical schematic drawings are usually prepared by equipment manufacturers to
show the electrical connections that must be made by the electrician or installer. They
are also used for testing, troubleshooting, and maintenance of the equipment. As an
example of an electrical schematic diagram, Fig. 1-9 shows an across-the-line starter
for a three-phase motor powered from a three-phase, three-wire supply.

It can be seen from the diagram that the motor starting equipment is housed in two
separate enclosures. This starter would normally be shipped by the manufacturer with
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the motor it will control. The contactors, overcurrent protective devices, transformer,
and operating coil are in one enclosure, and the start/stop pushbuttons are in a sepa-
rate enclosure so that they can be mounted some distance from the motor.

In this schematic each component is represented by a graphic symbol, and each wire
is shown making individual connections between the devices. However, multiple wires
could appear as one line on the drawing. As on this drawing, each wire is usually num-
bered to indicate where it enters the enclosure, and those numbers are repeated for the
same wires connected inside the enclosure.

The three supply wires are identified as L1, L2, and L3; the motor terminals are des-
ignated T1, T2, and T3; and the normally open line contactors controlled by the mag-
netic starter coil C are designated as C1, C2, and C3. Each contactor has a pair of
contacts that open or close for control of the motor.

The remote control station consists of the stop and start pushbuttons connected across
lines L1 and L2 by the primary of an isolation control transformer. The transformer sec-
ondary in the control circuit is in series with the normally closed overload contactors
(OC) and the magnetic starter coil (C). The stop button is also connected in series with
the starter coil, and the start button is connected in parallel with the starter coil.
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In this circuit, the control transformer isolates the control circuit and prevents it
from responding to any ground faults that could cause the motor to start accidentally.
The isolating transformer can have its primary winding identical to its secondary
winding so that input voltage equals output voltage, or it can step the motor circuit
voltage down to a lower level as an added safety measure for the control circuit.

ELECTRICAL DETAIL DRAWINGS

Electrical detail drawings are prepared as separate sheets to give the installer more
complete details of a specific, nonstandard installation requirement. Figure 1-10 is a
detail drawing of a section through the wall of an office warehouse. It provides details
of how and where hanger fittings and boxes are to be placed between a column and
insulation to support a run of bus duct.

Any set of electrical drawings might require additional “blowup” drawings of certain
technical details that are not clearly indicated on small-scale drawings, particularly plan
views. In this example, it is an elevation view of a section wall shown on a plan view. It
includes both mechanical and architectural details. Other drawings might show section
views of special foundations or footings, or suspension systems for electrical equipment.

These detail drawings might be drawn by the consulting architectural or engineer-
ing firm on complex projects, but they might also be supplied by the manufacturer of
the equipment or hardware to be installed. The consulting firm will collate these draw-
ings into the related set with appropriate sheet numbers.
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SHOP DRAWINGS

Many items of electrical equipment such as motors and motor control cabinets are
standardized by the manufacturer, and the outline and footprint dimensions are includ-
ed in their catalogs. However, large, costly electrical equipment such as high-voltage
switchgear, transformers, motor control centers, HVAC (heating, ventilating, and air
conditioning) systems, and elevators are usually custom made for each project. Project
shop drawings for this equipment are usually drawn by the manufacturer and furnished
prior to the delivery of the equipment. They might also include installation and main-
tenance manuals custom-prepared for the specific project.

The architect/engineer requires dimensional outline information to lay out the loca-
tion of the equipment on the elevation drawings and check for any possible interfer-
ence conflicts that could develop. For example, the equipment must be positioned to
provide, safe easy access to the equipment for routine maintenance. Allowance must
be made for the swing radii of all doors, and adequate space must be allowed for main-
tenance personnel to gain access to the equipment through removable cover panels as
well as enough room to work.
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In some cases, special concrete footings must be prepared with specified lag bolts for
anchoring the equipment before it is delivered. This work must be completed and the con-
crete must be sufficiently cured to accept the load when the equipment arrives on the site.

Shop drawings also are helpful for the contractor responsible for installing heavy
equipment, so any required cranes or other heavy moving equipment will be on the site
prior to the delivery of the equipment. In addition, the contractor must make sure that
any existing openings in the walls or doorways are wide and high enough to provide
adequate clearance for the entry of the equipment. Advance information will give the
contractor enough time to install any conduit, cable trays, or plumbing that would be
difficult or excessively costly to install after the equipment is in place.

As-built drawings that include detailed “factory-wired” connection diagrams will
assist the installer in performing any “field wiring.” Later they will be important if any
commissioning procedures or final acceptance testing is required. These drawings will
then become part of a maintenance file to assist the maintenance personnel in the per-
formance of any troubleshooting that might be required at a later date, after the equip-
ment is operational. These drawings and any operation and maintenance manuals are
essential documents of record that will be useful for making any later additions to the
facility.

Electrical Product and Work Standards
The generation, transmission, and distribution of electrical power are now deregulated,
but many rules, regulations, and standards still apply to the manufacture of electrical
equipment, the job site, and the installation of electrical systems. Many of these stan-
dards are focused on safety issues, such as the elimination or avoidance of hazards in
working with or using electricity.

The installation of any inferior wiring devices or equipment, substandard work-
manship, or inadequate test and maintenance procedures could be the cause of fires or
explosions and result in the creation of electric shock hazards. There is a need for
standards that, when adopted, will serve as a basis for proper inspection and supervi-
sion. There are regulatory standards, national consensus standards, product standards,
installation standards, and international standards.

The consensus standards include the National Electrical Code (NEC), the National
Electrical Safety Code (NESC), National Fire Protection Association (NFPA) 70B and
70E, and other NFPA standards, as well as American National Standards Institute
(ANSI) and the Institute of Electrical and Electronic Engineers (IEEE) standards.
Interested persons with requisite education, training, and background experience vol-
unteer their time and expertise to develop these standards. Some might be employees
of electrical product manufacturers, and others might be consultants or engineering
professors.

Some standards were developed specifically for electrical applications. These
include the National Electrical Code (NEC) (officially NFPA 70) and the National
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Electrical Installation Standards (NEIS). In addition, the National Electrical
Manufacturers Association (NEMA) standards cover equipment design and construc-
tion, while the Underwriters Laboratories Inc. (UL) standards cover safety provisions
in the manufacture of electrical devices, products, and accessories.

The National Fire Protection Association (NFPA), publisher of both the NEC and
NESC, has also developed standards related to electrical work including:

■ NFPA 79 Industrial Machinery
■ NFPA 780 Lightning Protection
■ NFPA Static Electricity

The NFPA has also developed standards for fire prevention, installation of sprin-
klers, stacking materials, and a standard building code. The following organizations
have also developed standards that have a bearing on electrical work:

■ ACS: American Chemical Society
■ ACGIH: American Conference of Governmental Industrial Hygienists
■ AIChE: American Institute of Chemical Engineers
■ ASME: American Society of Mechanical Engineers
■ ASTM: American Society for Testing and Materials
■ ASSE: American Society of Safety Engineers
■ AWS: American Welding Society
■ CGA: Compressed Gas Association
■ CMA: Chemical Manufacturing Association
■ CMAA: Crane Manufacturer’s Association
■ GSA: General Services Administration Federal Supply Services
■ NSC: National Safety Council
■ OSHA: Occupational Safety and Health Administration

Individuals or organizations with a professional or business interest in these stan-
dards can join these organizations to help support them and gain access to their
newsletters so that they can stay informed on any changes within the standards.

Standards-making organizations may make changes to their standards between nor-
mal cycles that are not included in the printed text of the original issue of the standard.
The NFPA, for example, does this in the form of a Tentative Interim Amendment
(TIA). Additionally, changes may take place without a formal notice of change, so it
is important to stay current with any given standard. Interested parties can communi-
cate with these standards organizations and suggest changes or revisions in standards.

It is the responsibility of all electrical contractors, electricians, and installers in the
field to know which standards apply to any project taking place within any given
location or job site. It is also important to remember that not all standards that might
apply to every job site or location actually apply. A hazard assessment by the project
supervisor or licensed electrician must determine which standards apply at each
workplace and that they are followed.
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The contractor has the responsibility for assuring that a workplace is free from rec-
ognized hazards and is a safe place for electricians and installers to work. This could
apply to such factors as the quality of ladders or scaffolding at the site or the need for
safety goggles or face masks when performing certain kinds of work. For example, eye
protection should be worn during any grinding or cutting operations that could result
in flying chips of metal, and proper face masks should be worn by anyone performing
burning or welding that could result in the release of toxic gases.

Designers, engineers, contractors, electricians, or equipment installers and all other
persons whose work is governed by one or more standards should be familiar with and
know how to apply the rules found in all of the applicable standards. These are the rules
that relate to design, including safety considerations, for a particular project or task.

What Are Electrical Specifications?
Electrical specifications for buildings or projects are written legal descriptions of the
work to be performed by the electrical contractor, subcontractors, and electric power
utilities and the responsibilities and duties of the architect/engineer, general contrac-
tor, and owner. Electrical specifications and electrical drawings are integral parts of
the contract requirements for the performance of electrical work.

Because specifications are a significant part of a legally binding contract, typically
involving expenditures of thousands or even millions of dollars, it is important that
they be mutually compatible with the drawings and as free as possible of errors or dis-
crepancies. It has long been known that even minor errors in wording or intent or the
presentation of incorrect data or measurements can result in expensive repairs or
replacements of hardware, lost time in the completion of the schedule, and serious
project cost overruns due to delays and the need for additional labor and supervision.

In most engineering and architectural firms, regardless of size, specifications writers
are skilled persons with technical backgrounds who report to a responsible project super-
visor. The preparation of an error-free specification is a time-consuming task calling for
the writer’s patience and the ability to deal effectively with complex technical details. The
process might call for many drafts and revisions following the review, comments, and cor-
rections made by persons within the architect/engineering organization with specialized
knowledge and experience in each of the trades involved in the project. As with drawings,
all responsible reviewers are expected to sign the final version that is released for bid.

Nevertheless, this does not relieve specifications writers of their responsibilities,
because they are expected to have sufficient knowledge of the project to make them
capable of finding and resolving any discrepancies between the specifications and the
drawings. Discrepancies are most likely to occur when

■ A generic master or prototype specification is used without making all of the mod-
ifications necessary to reflect what is actually shown on the working drawings.

■ Revisions that should have been made in a previously prepared drawings are indi-
cated only by a note in the revision block, leaving the drawing unchanged.
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■ Revisions in items that are listed both in schedules on the drawings and in the writ-
ten specifications are made on only one of these documents.

For example, there is a discrepancy if the specification calls for one loadcenter but the
drawing has been revised to show two loadcenters and this change is not reflected back
to the specifications. Such a discrepancy could result in unnecessary costs, unless
caught in time. For this reason, it is not good professional practice to duplicate the same
information on both specifications and drawings. It is preferable that the required infor-
mation be placed on the document on which it is most logically found to assure com-
pliance, with perhaps a reference to its location on the other document.

If for some reason duplication of information occurs in both drawings and specifi-
cations, and it is not practical to delete it from one of the documents, the project super-
visor should add a note to the contract before it is put out for bid stating whether the
specifications or drawings take precedence.

THE MASTER ELECTRICAL SPECIFICATION

Appendix B is a sample master electrical specification edited specifically for electri-
cal work to be done in a new residence or small office. It is intended for educational
purposes only and should not be used as the basis for an actual contract specification
unless reviewed and approved by a licensed electrical contractor or specialist in elec-
trical power and lighting specifications.

A master specification, regardless of its source, is a generic prototype or template that
functions both as a check-off list and repository of useful paragraphs from which a speci-
fications writer can pick and choose to prepare a working specification. Those paragraphs
that do not relate to the project can be deleted and new or revised paragraphs can be added.

The master specification is written in a quasi-legal style with words such as shall,
will, and may having very specific meanings. Shall, for example, indicates that the
party named must carry out the specified activity; will indicates that there is certain-
ty that the party named will perform the specified action; and may means that per-
mission can be granted for the party named to take a specific action. Some phrases
widely used in specifications to convey specific meaning are or equivalent, as
approved, and unless otherwise specified.

The master specification might be the result of years of accumulated experience of
an engineering or architectural firm, or it could be a document prepared by an indus-
try-sponsored institute based on the collective experience of its members. Regardless
of the specification’s origin, it is the specifications writer’s task to modify or “tailor”
it to fit a specific project. After all of the applicable general paragraphs have been
selected, they are supplemented with the additional information required to identify
the desired materials, equipment, products, and devices, and perhaps even specify the
methods or procedures required for the performance of the work.

It necessarily follows that implementing a master specification requires specialized
technical knowledge in the interpretation of drawings and practical experience or training
in a specific trade. Experience is also needed in knowing the optimum locations for pre-
senting certain kinds of information, either on the drawings or in the specification.
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For many straightforward projects such as modifying or updating the electrical sys-
tem in a residence, small office building, or retail shop, a simple one-page specifica-
tion or description of the work to be done may be sufficient to describe the scope of
the work. However, it might also have one or two working drawings attached, if nec-
essary. By contrast, large-scale commercial or industrial projects might require hun-
dreds of pages of specifications and hundreds of working drawings.

Master specifications are also prepared for the work of other trades such as masonry,
carpentry, structural steel work, plumbing, and machine or mechanical equipment instal-
lation. Each of these divisions in a general specification is organized in a manner simi-
lar to the electrical division with certain provisions and special conditions common to
all. They also include paragraphs covering such topics as the type and quality of mate-
rials to be used, the equipment to be furnished, workmanship, and testing.

The general specification must deal with situations where the work of various trades
overlaps or is interdependent. This calls for precise definitions of work boundaries and
the responsibilities among subcontractors. It might also involve precise scheduling to
minimize worker downtime in one trade while the work of another trade is performed.

Master electrical specifications are typically organized in sections such as the
following.

General Provisions sections consist of a group of considerations and regulations
that apply to all sections of the division. Topics covered might include the scope of
work, electrical reference symbols, codes and fees, and tests to be performed.

Basic Electrical Material and Methods sections identify type and quality of materials,
equipment, and devices specified for use such as wiring and cable, conduit, boxes, cab-
inets, loadcenters, switches, receptacles, motors and starters, and overcurrent protective
devices. They might also specify methods for installing certain kinds of equipment.

Power Generation sections cover equipment used for emergency or standby power
generation that would take over essential electrical service during a utility power out-
age. They usually include installation requirements for emergency circuits, generator
sets, storage batteries, controls, and distribution switches.

Medium Voltage Distribution sections cover the installation of high-voltage (over-600-
V) transmission and distribution facilities required for large government or industrial
facilities, work that would not be performed by publicly held electric utilities because it
does not relate to their system operation. The equipment specified in these sections is
usually rated for more than 2.4 kV, and includes substations, switchgear, transformers,
rectifiers, converters, power factor-correction capacitors, and instrumentation.

Service and Distribution sections cover the distribution of power under 600 V for res-
idential, commercial, and light industry projects including service entrances, metering,
grounding, branch circuit loadcenters, and branch circuits including the size and num-
ber of conductors, wiring devices, circuit protection devices, and installation methods.

Lighting and Luminaires sections cover interior and exterior luminaires and lamps.
Schedules identify luminaire types and locations and the ratings, types, and number of
required lamps. These sections cover the requirements for indoor lighting, including such
topics as track and recessed lighting, emission colors of lamps, and types of ballasts. They
can also cover outdoor floodlighting and even street lighting, poles, and standards.

34 PLANNING FOR ELECTRICAL DESIGN

TLFeBOOK



Special Systems sections cover a wide variety of special systems related to or depen-
dent on electrical power. Examples include lightning and surge protection, battery
chargers, outdoor low-voltage lighting systems, and door chimes.

Communications sections cover such systems as fire alarm, burglar alarm, surveil-
lance, multimedia, public address, and intercommunication, as well as wiring for tele-
phone systems and cabling for cable and satellite TV systems.

Heating, Ventilation, and Air Conditioning sections cover the installation and wiring of
electric heating, ventilating, and air-conditioning equipment. Examples include ranges,
microwave ovens, washing machines, dryers, baseboard heaters, exhaust fans, and wall-
mounted air-conditioning units. The work of these sections requires cooperation between
mechanical equipment and appliance installers and the electrical contractor.

Controls sections cover controls and instrumentation installed on a project.
Examples include recording and indicating devices, interior low-voltage lighting con-
trol systems, thermostats, and remote HVAC controls.

PREPARING A WRITTEN SPECIFICATION

The preparation of an accurate and complete electrical specification is the responsi-
bility of the architect/engineer and is an integral part of the project contract docu-
mentation. The specification must be coordinated with the project electrical drawings,
and failure to do so can result in significant costs and lost time for making corrections.

The electrical specification for a project might refer to hundreds of products, parts, and
components as well as numerous items of equipment and systems. By agreement between
the owner and the architect/engineer, these items can be specified in different ways. They
can be approved only if they are the products of a single manufacturer and are identified by
a part or model number. Alternatively, the citation of one manufacturer and model num-
ber can become the standard for quality and specification grade (hospital, industrial,
commercial, or residential) if the phrase “or equivalent” is added. Yet another option is
simply the statement in the specification that a material or product shall conform to a spe-
cific commercial, federal, or military standard or comply with certain codes and tests.

In some specifications, especially those calling for the procurement of equipment or
systems, a summary of critical performance characteristics and perhaps outline
dimensions is included to define the desired products. This information can be
obtained from the catalog data obtained from a number of manufacturers whose prod-
ucts have been approved as meeting the specification requirements. By using this
approach, procurement is opened to competitive bidding from a wider base of quali-
fied suppliers. This can lead to more favorable prices and delivery schedules.

GENERAL AND SPECIAL CONDITIONS AND PROVISIONS

The General Conditions section of written specifications consists of a selected group of
regulations that apply to the general contractor as well as all subcontractors (electrical,
mechanical, structural, plumbing, etc.). The General Conditions are usually presented as
a formal standard document entitled General Conditions of the Contract for Construction.
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Among the subjects covered in General Conditions are the bid, the required con-
tract, and performance bonds and insurance payments, as well as the identification of
those responsible for such duties as removing rubbish and providing temporary elec-
trical service. All of these subjects are of concern to the electrical contractor. The elec-
trical specification writer must make certain that nothing in the electrical specification
conflicts with these General Conditions.

Some project specifications include Supplementary General Conditions and Special
Conditions. These are inserted after the General Conditions, and they normally apply
only to the general contractor. However, if there is a requirement for Supplementary
General or Special Conditions that apply to only one trade, they are usually inserted
in the division of the specification that applies to that trade.

Electrical specifications typically include a General Provisions section that applies only
to that division. It is intended to remind those using the electrical specification that the
General and Special Conditions apply because they are also a part of the specification.

The General Provisions section typically includes paragraphs entitled Temporary
Power; Electrical Drawing and Symbols, including the requirement that a symbol list
appear either on the drawings or in the written specification; Work Included; Work Not
Included; and Codes and Fees. The Codes and Fees section states that the electrical
contractor must comply with all applicable codes, federal laws, state and local ordi-
nances, industry standards, electric utility specifications, and fire insurance require-
ments. It also includes a penalty clause to be invoked against the electrical contractor
for noncompliance.

Some electrical specifications include only a General Description of the Work or
Scope of the Work on the assumption that this will be sufficient because more detailed
information will follow in subsequent pages.

The sample master specification in App. B contains both Work Included and Work
Not Included sections. The latter section identifies the electrical equipment to be

■ Furnished, installed, and wired by others.
■ Furnished and installed by others, but wired by the electrical contractor.
■ Furnished by others, but installed and wired by the electrical contractor.
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