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Intended Audience

Understanding Construction Drawings is designed
for students in construction programs in two- and
four-year colleges and technical institutes, as well
as apprentice training. Designed for a course in print
reading focused on both residential and commercial
construction, the book helps you learn to read the
drawings that are used to communicate information
about buildings. It includes drawings for buildings
that were designed for construction in several parts
of North America. The diversity of building classifica-
tions and geographic locations ensures that you are
ready to work on construction jobs anywhere in the
industry. Everyone who works in building construction
should be able to read and understand the drawings
of the major trades.

How to Use This Book

The book is divided into four major parts and several
units within each part. Each part relates to the prints in
the separate drawing packet:

O Part 1, Drawings: Two-Unit Apartment, introduces
you to the basics of print reading by covering views,
scales, lines, and symbols, as well as the various
plan views, elevations, and sections and details.

O Part 2, Reading Drawings: Lake House, provides
information on how to interpret drawings for project
specifics—everything from footings and foundation
walls to room finishing and cabinets.

O Part 3, Multifamily Construction: Urban Courts,
details more advanced residential print reading and
applies the skills learned in Parts 1 and 2 to other
types of construction, as well as mechanical and
electrical trades.

O Part 4, Heavy Commercial Construction: School
Addition, presents the need-to-know information
on interpreting prints for large commercial

1 %.N

construction including structural drawings,
mechanical drawings, and electrical drawings.

Features of the Units

The individual units are made up of four elements:
Objectives, the main body of the unit, Using What You
Learned, and Assignment.

O The Objectives appear at the beginning of the unit
so that you will know what to look for as you study
the unit.

O The main body is the presentation of content with
many illustrations and references to the prints for
the building being studied in that part.

O Using What You Learned gives you an opportunity
to do a practice exercise that is similar to the
exercises found in the assignment questions for
that unit. The real-world need to be able to do
the exercise is explained first. The exercise is
presented and followed by a detailed explanation
of how to find the specified information. Each unit
contains 10 to 20 Assignment questions that require
you to both understand the content of the unit and
apply that understanding to reading the drawings.
There are more than 600 questions in all.

The book is divided into four parts, corresponding
with the four buildings. At the end of each part there
is a test. Additionally units include one or more Green
Notes, which provide insights and suggestions for
green home construction.

The Drawing Packet, Glossary, and
Appendix

At the back of the text you will find several helpful aids
for studying construction drawings.

O The drawing packetthat is conveniently packaged
with the book contains 22 sheets with separate

Preface vii
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drawings that relate to each of the parts within the
book. The drawing packet contains prints for four
buildings: a simple two-family duplex that is very
easy to understand, a more complex single-family
home, one building in an urban development located
in an earthquake zone, and an addition to a school.

O The Glossary defines all the new technical terms
introduced throughout the textbook. Each of these
terms is defined where it is first used, but if you
need to refresh your memory, turn to the Glossary.

O The Math Reviews in Appendix B are an innovative
feature that has helped many construction students
through a difficult area. These are concise reviews of
the basic math you are likely to encounter throughout
the building construction field. As math is required in
this textbook, reference is made to the appropriate
Math Review. All the math skills needed to complete
the end-of-unit assignments in this book are covered
in the Math Reviews.

O The Appendix also includes a complete list of
construction abbreviations commonly used on
prints, along with their meaning. There is also a
section that explains the most commonly used
symbols for materials and small equipment.

New to This Edition

Understanding Construction Drawings, Seventh Edition,
represents a major revision of the book. Part 3 is all
new, based on a 4-story residential building in an area
known to have high seismic activity. One of the new
units is entirely devoted to the special considerations
that are encountered in areas with seismic activity.

MindTap For Understanding
Construction Drawings, 7e

NEW! The MindTap for Understanding Construc-
tion Drawings, 7th Edition features an integrated
course offering a complete digital experience for the
student and teacher. This MindTap is highly custom-
izable and combines assignments, videos, interactivi-
ties, and quizzing along with the enhanced ebook to
enable students to directly analyze and apply what

Viii Preface

they are learning and allow teachers to measure
skills and outcomes with ease.

O A Guide: Relevant interactivities combined with
prescribed readings, featured multimedia, and
quizzing to evaluate progress, will guide students
from basic knowledge and comprehension to
analysis and application.

O Personalized Teaching: Teachers are able to control
course content—hiding, rearranging existing
content, or adding and creating own content to
meet the needs of their specific program.

O Promote Better Outcomes: Through relevant and
engaging content, assignments and activities,
students are able to build the confidence they
need to ultimately lead them to success. Likewise,
teachers are able to view analytics and reports
that provide a snapshot of class progress, time in
course, engagement and completion rates.

Supplements to the Text

Along with the Understanding Construction Drawings,
Seventh Edition book, we are proud to offer supple-
mental offerings that will help support classroom
instruction and engage students in learning.

The Instructor Resources available on our Compan-
ion website contains free helpful tools for the instructor
teaching a course on reading and interpreting construc-
tion drawings. Each component follows the chapters in
the book and isintended to help instructors prepare class-
room presentations and student evaluations. To access
these helpful tools, please visit www.cengagebrain.com.
At the home page, search for this Companion website by
typing in the ISBN of the book in the search box at the top
of the page. On the page illustrating this book, click on the
“Access” button next to “Free Study Tools” and this will
direct you to the following resources:

O An Instructor’s Guide provides answers to all the
Assignment questions and test questions in the
textbook, and explains how the answers were found
or calculated. In addition, it contains more than



500 additional questions that can be used for tests,
supplemental assignments, and review. The answer
to each of these questions is given, along with an
explanation of the answer.

O PowerPoint Presentations include an outline of
each chapter along with photos and graphics
to help illustrate important points and enhance
classroom instruction. These presentations are
editable, allowing instructors to include additional
notes and photos/graphics from the Image Gallery
included on our Companion website.

O Cengage Learning Testing Powered by Cognero is a
flexible, online system that allows you to:
e author, edit, and manage test bank content from
multiple Cengage Learning solutions
e create multiple test versions in an instant
o deliver tests from your LMS, your classroom or
wherever you want
O Image Gallery containing graphics and photos from
all the chapters in the book provide an additional
option for classroom presentations. Instructors may
choose to add to the existing PowerPoint, or may

wish to create their own presentations based on
the book.
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Construction requires the use of mathematics.
Whether you are a carpenter planning stairs, a plumber
calculating pipe lengths and fitting allowances, or an
estimator preparing for a contract bid, you need math
to do your job. The math required in this textbook is
basic, so you probably have learned enough math to
do all of the work required. Most of the math required
on a construction job can be done quite easily with a
construction calculator, such as the one shown here.
Today’'s construction calculators are preprogrammed
to do everything from converting decimals to fractions,
calculating the lengths of rafters, figuring cubic yards
of concrete, and other standard industry computations.

If you are studying construction, you probably own
a construction calculator now or will soon. However,
as you progress in your learning and spend more time
working on construction sites, you will soon find that
you do not always have your trusty calculator handy.
If you have learned to do the basic math required with
a pencil and paper (or scrap of wood), you will not be
hampered by not having your calculator. Also, it is easy
to make big mistakes with a calculator—any kind of
calculator. With one wrong press of a key, you can add

when you meant to multiply or add an extra zero. If you

X AWord about Math

learn the math, you can check your work and ensure
that it is close to what the calculator got, so there is

less likely to be a catastrophic error.

A typical construction calculator.

For these reasons, you are urged to complete the
assignments at the end of each texthook unit by doing
the math without a calculator, at least until you feel con-
fident in your ability. If you have trouble doing the math,
check the Math Reviews in Appendix B at the back of
the book. They give easy, step-hy-step directions for do-
ing all of the types of math needed in the book.



DRAWINGS: TWO-UNIT
APARTMENT

Part 1 helps you develop a foundation upon which to build skills and
knowledge in reading the drawings used in the construction industry.

The topics of the various units in this section are the basic concepts upon
which all construction drawings are read and interpreted. The details of
construction are explored in Parts 2, 3, and 4.

Many of the assignment questions in this part refer to the drawings of the
Two-Unit Apartment Building (Duplex) included in the drawing packet that
accompanies this textbook. The Duplex was designed as income property
for a small investor. It was built on a corner lot in a small city in upstate New
York. The Duplex is an easy-to-understand building. Its one-story, rectangular
design requires only a minimum of views; you can quickly become familiar
with the Duplex drawings.



Objectives

After completing this unit, you
will be able to perform the
following tasks:

O Name the professions
included in the design and
planning of a house or light
commercial building.

O List the major functions of
each of these professions
in the design and planning
process.

O Identify the profession or
agency that should be
contacted for specific
information about a building
under construction.

2 UNIT I

he construction industry employs about 15 percent of the working

people in the United States and Canada. A large portion of construc-

tion workers are involved in constructing new buildings, roads, air-
ports, and industrial facilities. The rest are involved in repairing, remodeling,
and maintenance. As the needs of our society change, the demand for different
kinds of construction increases. Homeowners and businesses demand more
energy-efficient buildings. The shift toward automation in business and indus-
try means that new offices are needed. Our national centers of commerce and
industry are shifting. These are only a few of the reasons that new housing
starts are considered important indicators of our economic health.

The construction industry is made up of light construction (small build-
ings) and heavy construction (large buildings, roadways, bridges, indus-
trial installations, etc.). The industry can also be divided into the following
four classifications: residential, commercial, industrial, and civil. Residen-
tial construction includes single-family homes, small apartment buildings,
and condominiums (see Figure 1-1(a)). Commercial construction includes

Figure 1-1(a). Single- and multi-family homes are classified as residential construction.



Courtesy of Bechtel Corporation. Photographer: Terry

Lowenthal. Used by permission.

Figure 1-1(c). Industrial construction. Delta Energy Center,
water treatment tanks and buildings in the foreground.

office buildings, hotels, stores, shopping centers, and
other large buildings (see Figure 1-1(b)). Industrial
construction includes structures other than buildings,
such as refineries and paper mills, that are built for
industry (see Figure 1-1(c)). Civil construction (see
Figure 1-1(d)) is more closely linked with the land
and refers to highways, bridges, airports, dams, and
the like.

The Design Process

The design process starts with the owner. The owner
has definite ideas about what is needed, but may not
be expert at describing that need or desire in terms the
builder can understand. The owner contacts an archi-
tect to help plan the building.

Courtesy of Bechtel Corporation. Photographer: Ray Frayne. Used by permission.

Figure 1-1(d). Civil construction. At 726 feet, Hoover Dam is
the highest dam in the United States.

O
@ GREEN NOTE

Green construction can be defined in many
different ways, and sometimes the definitions
sound complicated. In its simplest terms, green
construction is the process of designing and
constructing a building that minimizes its impact
on the environment both during construction,
over its useful life, and, ultimately, the recyclabil-
ity of its materials—or their safe and proper
disposal—when that life comes to an end.

A green home is built from environmentally
sustainable materials using practices that reduce
material use and waste. A durable, long-lasting
home has lower maintenance requirements and
less overall impact on the environment than
a home that needs to be replaced sooner or
requires frequent repairs. A green home is also
designed to conserve resources such as heating
and cooling energy and water.

The Design-Construction Sequence and the Design Professions



The architect serves as the owner’s agent throughout
the design and construction process. Architects combine
their knowledge of construction—of both the mechanics
and the business—with artistic or aesthetic knowledge
and ability. They design buildings for appearance and use.

The architect helps the owner determine how much
space is needed, how many rooms are needed for now and

in the future, what type of building best suits the owner's
lifestyle or business needs, and what the costs will be. As
the owner's needs take shape, the architect makes rough
sketches to describe the planned building. At first these
may be balloon diagrams (see Figure 1-2) to show traffic
flow and the number of rooms. Eventually, the design of the
building begins to take shape (see Figure 1-3).
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Figure 1-2. Balloon sketch of Duplex.
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Figure 1-3. Straight line sketch of Duplex.
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Copyright © 2015 International Code Council, Inc., www.iccsafe.org. All rights reserved. Excerpts reprinted

with permission.

Before all the details of the design can be finalized,
other construction professionals become involved. Build-
ing codes specify requirements to ensure that buildings
are safe from fire hazards, earthquakes, termites, surface
water, and other concerns of the community. Most build-
ing codes are based on a model code. For example, the
International Code Council (ICC) publishes several model
codes, one of which is the International Building Code®.
It is commonly referred to as the IBC. Another is the
International Residential Code® for One- and Two-Family
Dwellings, the IRC, which includes all of the parts of the
IBC that pertain to one- and two-family dwellings plus
some additional content that applies to these dwellings
(see Figure 1-4). The IRC is a model code, because itis a
model that may be used by state and local building author-
ities as a basis for their own local code. A model code
has no authority on its own. The government having juris-
diction in a locale must adopt its own building code. Very
often the government body having jurisdiction (called the
Authority Having Jurisdiction, or AHJ) adopts the model
code. Sometimes the AHJ adds specific clauses to the
model, and, in rare cases, it writes an all-new code. State
building codes allow local governments to adopt a local

INTERNATIONAL
ential Cod

Figure 1-4. 2015 International Residential Code® for One- and
Two-Family Dwellings.

O
@ GREEN NOTE

The design and planning for a green home
involves not only the owner and designer, but the
general contractor and key trade contractors as
well. The designer’s preliminary house plans are
reviewed by those who will build the home, each
looking for ways to improve energy efficiency,
incorporate durable construction details, and
simplify utility systems installation. Group meet-
ings are often conducted in which the designer,
owner, contractor, and key trade contractors
discuss the plans and examine the impact of
each recommendation and how the work will be
carried out. The general contractor and trade
contractors can also recommend green building
materials that best suit the project.

building code, but they require that the local code be at
least as stringent as the state code.

The local building code is administered by a build-
ing department of the local government. The building
department reviews the architect’s plans before con-
struction begins and inspects the construction through-
out its progress to ensure that the code is followed.

Most communities also have zoning laws. A zoning
law divides the community into zones where only cer-
tain types of buildings are permitted. Zoning laws pre-
vent such problems as factories and shopping centers
being built in the same neighborhood as homes.

Building departments usually require that very spe-
cific procedures are followed for each construction
project. A building permit is required before construction
begins. The building permit notifies the building depart-
ment about planned construction. Then, the building
department can make sure that the building complies
with all the local zoning laws and building codes. When
the building department approves the completed con-
struction, itissues a certificate of occupancy. This certifi-
cate is notissued until the building department is satisfied
that the construction has been completed according to
the local code. The certificate of occupancy is usually
issued after a final inspection by the building inspector.
The owner is not permitted to move into the new building
until the certificate of occupancy has been issued.

If the building is more complex than a home or
simple frame building, engineers may be hired to help

The Design-Construction Sequence and the Design Professions 5



design the structural, mechanical, electrical, or other
aspects of the building. Consulting engineers special-
ize in certain aspects of construction and are employed
by architects to provide specific services. Finally,
architects and their consultants prepare construction
drawings that show all aspects of the building. These
drawings tell the contractor specifically what to build.

Some homes are built from stock plans available
from catalogs of house designs, building materials
dealers, or magazines (see Figure 1-5). However, many
states require a registered architect to approve the
design and supervise the construction.

Figure 1-5. Stock plans can be ordered from catalogs.

DESIGN

LENDING INSTITUTION ——‘

Starting Construction

After the architect and the owner decide on a final
design, the owner obtains financing. The most com-
mon way of financing a home is through a mortgage.
A mortgage is a guarantee that the loan will be paid in
installments. If the loan is not paid, the lender has the
right to sell the building in order to recover the money
owed. In return for the use of the lender’s money, the
borrower pays interest—a percentage of the outstand-
ing balance of the loan.

When financing has been arranged (sometimes
before it is finalized), a contractor is hired. Usually,
a general contractor is hired with overall responsibil-
ity for completing the project. The general contractor
in turn hires subcontractors to complete certain
parts of the project. All stages of construction may
be subcontracted. The parts of home construction
most often subcontracted are excavation, plumbing
and heating, electrical, drywall, painting and deco-
rating, and landscaping. The relationships of all the
members of the design and construction team are
shown in Figure 1-6. Utility installers should carefully
investigate all the drawings, especially the architec-
tural drawings, in order to determine the installation
locations of their equipment.
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Figure 1-6. Design and construction team.
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@ USING WHAT YOU LEARNED

Everyone involved in the design, construction, and ownership of a building needs to know who the major play-
ers are in the process. Only by understanding what role each agency, company, and individual plays in the pro-
cess can a construction worker know where to go with questions and for information. For example, no work can
begin on the site until a building permit has been issued. The owner, contractor, and superintendent all need to
know who issues that permit. Building permits are issued by the building department of the city, town, or county
where the building is to be constructed.

1. Who acts as the owner’s agent while the building 7. Whom would the owner inform about last-minute
is being constructed? changes in the interior trim when the building is
2. Who designs the structural aspects of a commer- under construction?
cial building? 8. What regulations specify what parts of the
3. Who would normally hire an electrical engineer community are to be reserved for single-family
for the design of a store? homes only?
4. Who is generally responsible for obtaining financ- 9. Who issues the building permit?
ing for a small building? 10. What regulations are intended to ensure that all
5. To whom would the general contractor go if there new construction is safe?
were a problem with the foundation design for a
home?

6. Iflocal building codes require specific features for
earthquake protection, who is responsible for see-
ing that they are included in a home design?

The Design-Construction Sequence and the Design Professions 7



Objectives

After completing this unit, you
will be able to perform the
following tasks:

O Recognize oblique, isometric,
and orthographic drawings.

O Draw simple isometric
sketches.

O Identify plan views,
elevations, and sections.

8 UNIT 2

Isometric Drawings
A useful type of pictorial drawing for construction purposes is the isometric
drawing. In an isometric drawing, vertical lines are drawn vertically, and
horizontal lines are drawn at an angle of 30° from horizontal, as shown in
Figure 2-1. All lines on one of these isometric axes are drawn in proportion to
their actual length. Isometric drawings tend to look out of proportion because
we are used to seeing the object appear smaller as it gets farther away.
Isometric drawings are often used to show plumbing layout (see
Figure 2-2). The ability to draw simple isometric sketches is a useful skill for
communicating on the job site. Try sketching a brick in isometric as shown
in Figure 2-3.

Step 1. Sketch a Y with the top lines about 30° from horizontal.

Step 2. Sketch the hottom edges parallel to the top edges.

Step 3. Mark off the width on the left top and bottom edges. This will be about
twice the height.

Step 4. Mark off the length on the right top and bottom edges. The length will
be about twice the width.

Step 5. Sketch the two remaining vertical lines and the back edges.

Other isometric shapes can be sketched by adding to or subtracting from
this basic isometric brick (see Figure 2-4). Angled surfaces are sketched by
locating their edges and then connecting them.

Figure 2-1. Isometric of building.
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Figure 2-2. Single-line plumbing isometric.

N
Q§E> GREEN NOTE

Waste water is classified as either black water
or gray water. Black water is that which is dis-
charged from toilets and kitchens, where the
water can be very contaminated and must be
extensively treated before it can be released into
the environment or reused. Gray water is from
sinks, laundry areas, and storm water and is less
dangerous to the environment. It is becoming . . .
increasingly common for green homes to treat Ol’thOgFaPhIC PI"O]eCtIOI’]

gray water and reuse it for /'rrigation and toilets. To show all information accurately and to keep all lines
and angles in proportion, most construction drawings

Figure 2-3. Sketching an isometric brick.

Oblique Drawings

When an irregular shape is to be shown in a pictorial
drawing, an oblique drawing may be best. In oblique
drawings, the most irregular surface is drawn in pro-
portion as though it were flat against the drawing sur-
face. Parallel lines are added to show the depth of the
drawing as shown in Figure 2-5.
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