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PREFACE

RESIDENTIAL CONSTRUCTION ACADEMY:  
BASIC PRINCIPLES FOR CONSTRUCTION,  
FIFTH EDITION

ABOUT THE RESIDENTIAL CONSTRUCTION ACADEMY SERIES

One of the most pressing problems confronting the building industry today is the shortage of skilled labor. 
The construction industry must recruit an estimated 185,000 new craft workers each year to meet future 
needs. This shortage is expected to continue well into the next decade because of projected job growth and 

a decline in the number of available workers. At the same time, the training of available labor is becoming an 
increasing concern throughout the country. This lack of training opportunities has resulted in 200,000 unfilled 
construction sector jobs in 2018. This challenge is affecting all the construction trades and is threatening the 
ability of builders to construct quality homes.

These challenges led to the creation of the innovative Residential Construction Academy Series. The  Residential 
Construction Academy Series is the perfect way to introduce people of all ages to the building trades while guid-
ing them in the development of essential workplace skills, including carpentry; electrical wiring; heating, ventila-
tion, and air conditioning (HVAC); plumbing; masonry; and facilities maintenance (also referred to as building 
construction technology). The products and services offered through the Residential Construction Academy are 
the result of cooperative planning and rigorous joint efforts between industry and education. The program was 
originally conceived by the National Association of Home Builders (NAHB)—the premier association of more than 
140,000 members in partnership with the Home Builders Institute (HBI), a leading career training provider in the 
residential construction industry.

For the first time, construction professionals and educators created national skills standards for the construc-
tion trades. In the summer of 2001, NAHB and HBI began the process of developing residential craft standards in 
six trades: carpentry, electrical wiring, HVAC, plumbing, masonry, and facilities maintenance. Groups of employers 
from across the country met with an independent research and measurement organization to begin the develop-
ment of new craft training standards. Care was taken to ensure representation of builders and remodelers, residen-
tial and light commercial, custom single family, and high production or volume builders. The guidelines from the 
National Skills Standards Board were followed in developing the new standards. In addition, the process met or 
exceeded American Psychological Association standards for occupational credentialing.

Next, through a partnership between HBI and Cengage Learning, learning materials—textbooks and instruc-
tor’s curriculum and teaching tools—were created to teach these standards effectively. A foundational tenet of 
this series is that students learn by doing. Integrated into this colorful, highly illustrated text are Procedure 
 sections designed to help students apply information through hands-on, active application. A constant focus of 
the Residential Construction Academy is teaching the skills needed to be successful in the construction industry 
and constantly applying the learning to real-world applications.

In 2009, the Home Builders Institute enhanced the Residential Construction Academy Series by adding 
 industry Program Credentialing and Certification for both students and instructors. National Instructor  Certification 
 ensures consistency in instructor teaching/training methodologies and knowledge competency when teaching to 
the industry’s national skills standards. Student Certification is offered for each trade area of the Residential 
Construction Academy Series in the form of rigorous testing. Instructor and Student Certification serve the basis 
for Program Credentialing offered by HBI. For more information on HBI Program Credentialing and Instructor and 
Student Certification, please go to www.hbi.org.
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  x i

ABOUT
THIS BOOK

• New chapter on adhesives and sealants.

• New coverage of nail guns and nail-gun safety.

• Updated learning objectives, additional key 
terms, and caution content. 

Whether an individual chooses a career as a skilled craftsperson or is striving to become a general contractor, 
Basic Principles for Construction, fifth edition, provides the necessary background for understanding the 
construction industry and the basic skills for learning a specific trade.

Basic Principles for Construction, fifth edition, is an outstanding resource for new and advancing construction 
students or for those considering entering a construction program. This text provides a solid foundation to learn 
the major trade areas—carpentry, electrical wiring, HVAC, plumbing, and facilities maintenance. It introduces 
 students to the industry—explaining how it is organized and how to successfully gain employment—and also 
covers the need-to-know information for the daily activities associated with working in the industry, including 
safety, basic math, tools, and blueprint reading.

ORGANIZATION
This textbook is organized in a logical sequence that is easy to learn and teach and is divided into five major 
sections:

• Section 1: The Construction Industry is designed to provide students with background on the industry. 
It introduces students to the organization and leadership structure, as well as the importance of ethics, 
teamwork, and effective communications with others to successfully complete a job. In addition, a new 
chapter, on green building, introduces readers to green building principles and job site practices while they 
plan and execute their work.

• Section 2: Safety covers all-important elements of safely working on a job site, including working with 
electricity, hazardous materials, scaffolding, ladders, and compressed air. It also covers Occupational Safety 
and Health Administration (OSHA) regulations, practical housekeeping, and personal protective equipment 
to ensure safe work habits.

• Section 3: Construction Math reviews the basic math skills and how to practically apply these skills on 
the job. Examples and practice problems are integrated into the chapters to increase student aptitude in 
working out various construction problems. The section concludes with a chapter on combined operations, 
which illustrates the necessity of having the ability to utilize several math skills in completing a single job.

• Section 4: Tools and Fasteners introduces students to the selection, use, and care of the various hand and 
power tools required to complete a job, as well as different types of adhesives and fasteners. The section 
also includes a chapter on the basics of rigging as it applies to residential construction.

• Section 5: Print Reading emphasizes the elements and features of basic residential blueprints and how to 
accurately read them. Activities at the end of each chapter encourage students to practice their blueprint 
reading skills.

NEW TO THIS EDITION
The fifth edition of Basic Principles for Construction reflects the latest practices in the industry, including:

13829_fm_ptg01_i-xviii.indd   11



x i i   Ab o u t  t h i s  B o o k

FEATURES
This innovative series was designed with input from educators and industry and informed by the curriculum and training 
objectives established by the Standards Committee. The following features aid learning:

LEARNING FEATURES 
such as the Objectives 
and Glossary of Terms 
set the stage for the 
coming body of knowl-
edge and help the learner 
identify key concepts and 
information. These learn-
ing features serve as a 
road map throughout 
each chapter and offer a 
practical  resource for ref-
erence and review.

A SUCCESS STORY opens each section, providing 
 insights, advice, and motivation from professionals 
working in a variety of construction trades and offering 
an insider’s view of construction as a career.

47

OBJECTIVES

GLOSSARY OF JOBSITE SAFETY TERMS

• Explain what an accident is and what causes 

accidents.

• Define Occupational Safety and Health Administra-

tion (OSHA) and explain its impact on construction 

workers.
• Identify the appropriate personal protective 

equipment (PPE) for common work situations, and 

explain how to use it.

• Explain the Hazard Communication Standard, and 

find information on a Safety Data Sheet (SDS).

• Explain how fires are ignited, sustained, and 

extinguished.

• Recognize the dangers of working in trenches, and 

explain how to work safely in them.

• Explain electric shock, and list safety consider-

ations in working around electricity.

ampere the unit of measure for 

electric current. Also abbreviated as 

amp.
class A fire a fire that involves ordi-

nary materials, such as paper, card-

board, and wood. Class A fires can 

be extinguished with water.

class B fire a fire that involves 

flammable liquids. Class B fires are 

extinguished with either dry chemi-

cals or CO2
 (carbon dioxide).

class C fire an electrical fire. Class C 

fires are extinguished with CO2
 (car-

bon dioxide).

conductor a material that allows 

electricity to flow.

fire triangle consists of heat, fuel, 

and oxygen (the three sides of the 

triangle); the three elements must 

be present for a fire to burn.

ground (electrical) a conducting 

body that serves as the common 

return path for an electric circuit. 

A ground typically has zero potential. 

The earth may also be used as 

a ground.

ground fault circuit interrupter 

(GFCI) a protective device that 

opens the electric circuit when it 

senses an imbalance in the amount 

of current flow between 

the conductors.

horseplay practical jokes and playful 

activity that are considered inappro-

priate on a construction site.

labels user instructions found on 

most construction products. The 

product label contains valuable 

information.

OSHA refers both to the state fed-

eral Occupational Safety and Health 

Administration and to state admin-

istrations. OSHA also stands for the 

Occupational Safety and Health Act, 

which is administered by the Occu-

pational Safety and Health Admin-

istration. OSHA generally refers to 

the laws that are intended to keep 

workers safe.

personal protective equipment 

(PPE) any safety equipment you 

wear to protect yourself from safety 

hazards.

Right to Know rule the OSHA rule 

that says that every worker has a 

right to know about any substances 

on the job site that might be harm-

ful to humans.

Safety Data Sheet (SDS) gives com-

plete information about the product 

and what to do in the event of expo-

sure. An SDS is required to be avail-

able for any substance that might be 

harmful.

voltage the electrical pressure that 

causes current to flow, measured in 

volts (sometimes abbreviated as V). 

Voltage is sometimes called elec-

tromotive force (EMF) because it is 

the force that causes electrons to 

move. Voltage also represents the 

difference of potential, or potential 

difference, in a circuit.

work practices the things a worker 

does and how he or she works—

these practices have a lot to do with 

safety.

working conditions the things in 

the work environment that affect 

your work.

After completing this chapter, the student should be able to:

CHAPTER FOUR

JOBSITE SAFETY

importantly he knows the potential they have 

to become successful in their careers. He says, 

“I love it when my former students send me a 

picture of their new truck or house they just 

purchased.”

CHALLENGES OF THE JOB

Challenges change each day, and with more 

knowledge comes more responsibility. He 

remembers when he started his career at the 

Fred G. Acosta JCC, saying, “My challenge was 

to get there on time and attend all my classes. 

It changed when I got my first job in my new 

career, then it was to stay safe and work harder 

than the next guy.” He figured that if there was 

going to be layoffs, he would be the last to be 

let go if he was the hardest worker. As a teacher, 

his challenges are to motivate his students, 

FABIAN LIERA

TITLE
HBI Plumbing Instructor

EDUCATION

GED; Home Builders Institute’s pre-apprentice 

in plumbing at Fred G. Acosta Job Corps Center; 

associate degree in business administration from 

Brookline College, Tucson, Arizona.

CAREER HISTORY

Fabian was a 16-year-old on the verge of drop-

ping out of high school when he enrolled in 

the Fred G. Acosta Job Corps Center (JCC). 

After graduating from the JCC, he worked as a 

plumber. In 1996, he graduated from college and 

went to work in the plumbing wholesale indus-

try. He worked his way up into management. In 

2003, he started a new plumbing supply store 

called Ironwood Winnelson. He sold the business 

in 2007 and worked in the solar industry until 

2011. That is the year he started his present 

position as a plumbing teacher at the Fred G. 

Acosta JCC. He is proud to say he is the Plumb-

ing Instructor for Home Builders Institute.

ON THE JOB

Fabian enjoys talking with his students and going 

over the day’s plan. He teaches his students to 

make short-term goals and learn something new 

every day. With the students, he opens the shop 

and tool room, inspects the power tools they will 

be using that day, and ensures that everyone has 

a plan and schedule to finish their projects.

BEST ASPECTS OF THE JOB

Fabian has been able to relate to his students. 

He knows the struggles they are facing, but most 

SUCCESS STORY
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A GLOSSARY and a combined 
GLOSARIO in the back of the 
book provide a handy reference 
for students and instructors, 
written in both English and 
Spanish.

CAUTION features highlight safety issues and  present 
urgent safety reminders for those working with the 
 various tools in the industry—so that students can 
avoid potential mishaps.

EXAMPLES and PRACTICE PROBLEMS integrated into 
the math chapters illustrate for students, step by step, 
the various methods of working out construction prob-
lems. In addition, it encourages them to practice and 
improve their math skills.

3 0 3

4:1 rule for ladders the rule stipulates 

that ladders should be 1 foot away from 

the vertical surface against which they are 

placed for every 4 feet in height.

A
adhesion the property that allows an adhe-

sive to stick to a surface.

amount principal plus interest.

ampere the unit of measure for electric 

current. Also abbreviated as amp. Many 

power tool motors are sized according to the 

amperage of the motor.

anchor a device that can be driven or set 

in concrete, masonry, or other material to 

provide a place to attach a bolt or screw. 

There are several types of anchors.

apprentice a person who is being trained to 

work in the building trades. Apprentices at-

tend classes and work under the supervision 

of a skilled craftsperson.

architect’s scale a specialized ruler gradu-

ated in inches and fractional inches, used to 

measure architectural drawings.

area the space inside a shape.

B
ball bearing a style of bearing in which 

moving parts roll on steel balls.

base of a triangle the side opposite the cor-

ner from which the height is measured. This 

can be any side of the triangle.

blade the longer arm of a rafter square.

body language unwritten, unspoken mes-

sage communicated by the way we hold our 

body or by the expressions on our face.

box nail has a thin shank like a finishing 

nail, but a flat head like a common nail. Usu-

ally coated to prevent loosening.

brad a very short nail with a small head, 

used to fasten thin parts.

bright nails uncoated, bare steel nails.

bump firing using a nail gun set up so that 

the trigger can be held depressed and every 

time the nose of the gun bumps against a 

surface it fires a nail.

C
cable a wire rope with a diameter of 3/8” 

or less.

cap screw a small bolt, usually with a hex-

agonal head.

carriage bolt a large bolt for use in wood; 

has a smooth oval head and a section of 

square shank right below the head.

centerline a line used to indicate the center 

axis of an object.

chuck the part of a drill that holds the drill 

bit.

chuck key a special tool used to tighten a 

drill chuck.

circle a shape in which every point on the 

perimeter is the same distance from a center 

point.

class A fire a fire that involves ordinary 

materials, such as paper, cardboard, and 

wood. Class A fires can be extinguished with 

water.

class B fire a fire that involves flammable 

liquids. Class B fires are extinguished with 

either dry chemicals or CO2
 (carbon dioxide).

class C fire an electrical fire. Class C fires are 

extinguished with CO2
 (carbon dioxide).

clinching bending the protruding part of a 

nail over to make a permanent fastening.

cohesion the property that holds adhesive 

together.

combination blade a saw blade that can be 

used for ripping and crosscutting.

common nail the most common type of nail; 

has a heavy, smooth shank and a flat head.

competent person one who is capable 

of identifying existing and predictable 

workplace hazards that are unsanitary, 

hazardous, or dangerous to employees and 

who has the authorization to take corrective 

measures to eliminate them.

concrete screw a special hardened screw 

that can be screwed directly into concrete.

conductor a material that allows electricity 

to flow.

contractor the person who owns the construc-

tion business. Contractors enter into contracts 

with customers to do specified construction 

work. Contractors hire workers or other sub-

contractors to complete the contracted work.

corporation a form of business ownership 

in which people who are not involved in op-

erating the business own shares of the com-

pany. The company is operated by a board 

of directors.

craft see skilled trades.

craft union members of a particular craft 

who are organized to work for the better-

ment of all the members of the group. Union 

members pay dues as a requirement of their 

membership.

GLOSSARY
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CONTACT CEMENT

Contact cement is a neoprene-based adhesive (like 

a strong rubber cement) used to bond a variety of 

 materials instantly upon contact. The most familiar 

use of contact cement in construction is for bonding 

plastic laminates to counter tops and cabinet parts. 

The solvent in most contact cement is extremely 

flammable. When it must be used in a place where 

the flammable nature is a danger, there is a type of 

contact cement that uses water as the solvent and is 

nonflammable. Another special type of contact cement 

is a gel, so that it can be applied to a vertical surface 

without running. (See Fig. 17-9). Contact cement 

is generally quite water resistant but has poor heat 

resistance.

FIGURE 17-6 Applying construction adhesive to floor 

joist.

FIGURE 17-9 Contact cement is used to bond plastic 

laminate to counter tops.

FIGURE 17-8 Notched trowels are used to spread 

 adhesive over a large area.

Most contact cement is extremely 

flammable. Use it in a well- 

ventilated space and never use it 

near an open flame, such as on a 

furnace or space heater.

proper angle for application (Fig. 17-7). Adhesives 

that are sold in cans or buckets are applied with 

a notched trowel (Fig. 17-8). Trowels are avail-

able with  different sizes and shapes of notches. The 

adhesive container label will specify the size and 

shape of the notches to be used. Using the right 

trowel saves adhesive, ensures uniform coverage, 

and ensures the best  possible bond.

FIGURE 17-7 The tapered end is cut to suit the 

application.

1 0 4   S E C T I O N  3   C O N S T R U C T I O N  M AT H

PROBLEMS

Multiply the following quantities:

26. 7/16 3 3/5

27. 7/8 3 2/3

28. 2 3/4 3 4/5

29. 5 9/10 3 3 3 2/7

30. 3 1/2 3 4 3/4 3 7 1/3

DIVIDING FRACTIONS
Division is the inverse of multiplication. Dividing by 4 

is the same as multiplying by 1/4. So 4 is the inverse 

of 1/4, and 1/4 is the inverse of 4. (Remember, 4 can 

be written as 4/1.) The inverse of 5/16 is 16/5. To 

divide fractions, invert the divisor (the part the other 

number is being divided by) and multiply. Express the 

answer in lowest terms.

EXAMPLE 12 Divide 7/8 by 2/3. 7/8 4 2/3

1. Invert the divisor. (The inverse of 2/3 is 3/2.)

2. Multiply. (3/2 3 7/8 5 21/16)

3. Express in lowest terms. (21/16 5 1 5/16)

To divide any combination of fractions, mixed num-

bers, and whole numbers, write the mixed number as 

a fraction. Write the whole number over the denom-

inator 1. Invert the divisor and multiply. Express the 

answer in lowest terms.

EXAMPLE 13 Divide 3/4 by 2 1/5. (3/4 4 2 1/5)

1. Write the mixed number as a fraction. 

(2 1/5 5 11/5)

2. Invert the divisor. (11/5 inverted is 5/11.)

3. Multiply. (3/4 3 5/11 5 15/44)

22. In Figure 8-3, how many more hours did the 

carpenters work than the electricians worked?

23. If electrician A uses 27 2/3 feet and 45 3/4 feet 

from a spool of cable that had 221 1/2 feet and 

electrician B uses 37 1/6 feet from the same 

spool, how much cable is left on the spool?

24. A motor brush is 1 3/8 inches long. How long is 

it after 13/16 wears away?

25. How much needs to be removed from a board 

7 7/16 inches wide to make a board 5 3/8 inches 

wide?

MULTIPLYING FRACTIONS

To multiply two or more fractions, multiply the numera-

tors. Multiply the denominators. Write as a fraction with 

the product of the numerators over the product of the 

denominators. Express the answer in the lowest terms.

EXAMPLE 10 Multiply 1/2 3 4/5.

1/2 3 4/5 5 4/10 5 2/5

To multiply any combination of fractions, mixed 

numbers, and whole numbers, write the mixed num-

bers as fractions. Write the whole numbers as fractions 

with a denominator of 1. Multiply the numerators. 

Multiply the denominators. Express the answer in its 

lowest terms.

EXAMPLE 11 Multiply 2 1/3 3 4 3 4/5.

1. Write the mixed number 2 1/3 as the fraction 7/3.

2. Write the whole number 4 as a fraction with a 

denominator of 1. (4/1)

3. Multiply the numerators. (7 3 4 3 4 5 112)

4. Multiply the denominators. (3 3 1 3 5 5 15)

5. Express the answer in lowest terms. 

(112/15 5 7 7/15)

Carpenters
Electricians

Plumbers
Painters

Monday
271⁄2 hours

151⁄4 hours
125⁄6 hours

141⁄8 hours

Tuesday
253⁄4 hours

162⁄3 hours
121⁄6 hours

137⁄8 hours

Wednesday
267⁄8 hours

151⁄2 hours
131⁄4 hours

151⁄3 hours

Thursday
125⁄8 hours

77⁄8 hours
117⁄8 hours

77⁄8 hours

Friday
181⁄3 hours

35⁄6 hours
3 hours

81⁄4 hours

FIGURE 8-3 Problems 20, 21, and 22.
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Regla 4 a 1 para escaleras regla que estip-

ula que las escaleras deben estar a 1 pie de 

distancia de la superficie vertical sobre la 

que se apoyan por cada 4 pies de altura.

A
a plomo perfectamente perpendicular a la 

superficie terrestre.

adhesión propiedad que permite que un 

adhesivo se pegue a una superficie.

aguas grises cualquier agua residual que se 

haya usado en una vivienda, excepto el agua 

de los inodoros.

altura de un triángulo longitud de una línea 

trazada en forma perpendicular a uno de los 

lados de un triángulo, que se extiende hasta 

el ángulo opuesto.

amperio unidad de medida de la corriente 

eléctrica. Suele abreviarse como amp. 

Las dimensiones de muchos motores de 

herramientas eléctricas se clasifican según el 

amperaje del motor.

ancla dispositivo que puede introducirse o 

colocarse en concreto, mampostería u otro 

material para proporcionar un lugar donde 

colocar un perno o tornillo. Existen varios 

tipos de anclas. 

andamios plataformas de trabajo temporarias.

ángulo recto ángulo de 90° grados.

aprendiz persona que está siendo entrenada 

para trabajar en la industria de la construc-

ción. Los aprendices toman clases y trabajan 

bajo la supervisión de un oficial calificado. 

área el espacio dentro de una figura.

artesanías ver oficios calificados.

B
barra de fracción línea horizontal en una 

fracción común.

base de un triángulo lado opuesto al ángulo 

desde el cual se mide la altura. Puede ser 

cualquier lado del triángulo. 

bomba de varilla dispositivo que se sujeta 

a un poste vertical y puede ser bombeado 

hacia arriba y hacia abajo. Las tomas de la 

bomba se utilizan para apoyar los tablones 

en los que se ubican los trabajadores.

C
cabeceras los marcos de la parte superior de 

las aberturas de puertas o ventanas.

cable de acero cordón hecha de hilos de 

alambre envueltos enrollados de una cierta 

manera alrededor de un núcleo central.

cable cable metálico con un diámetro de 

3/8” o menos.

calibre del tornillo número que representa 

el grosor de un tornillo: cuanto más alto el 

calibre, más grueso el tornillo.

calidad del aire en interiores cantidad de 

contaminantes en el aire en el interior de las 

viviendas. Es una de las principales preocu-

paciones de la construcción ecológica.

capacidad nominal cantidad de peso que el 

fabricante ha especificado para la carga máx-

ima en una eslinga.

catetos de un triángulo rectángulo los dos 

lados que están junto al ángulo rectángulo. 

A la hipotenusa no se la llama cateto.

círculo figura en la cual cualquier punto del 

perímetro está a la misma distancia de un 

punto central. 

clavo común el tipo de clavo más común; 

tiene un vástago pesado y liso y una cabeza 

plana.

clavo de cabeza grande plana tiene un 

vástago delgado como los clavos para aca-

bado, pero una cabeza plana como los clavos 

comunes. Usualmente revestido, para evitar 

que se afloje.

clavo de doble cabeza clavo con dos cabe-

zas de modo tal que una puede ajustarse y 

la otra quedar expuesta para su extracción. 

clavo para acabado tiene un vástago 

delgado y una cabeza pequeña que puede 

introducirse debajo de la superficie de 

madera.

clavo sinker clavo cuyo vástago tiene un 

diámetro ligeramente más pequeño que el 

de un clavo común. La parte inferior de la 

cabeza está ligeramente afilada y la cara de 

la cabeza tiene un diseño de gofres. Recubi-

erto para evitar que se suelte.

clavos brillantes clavos de acero sin ningún 

revestimiento.

código modelo código de construcción 

sugerido, destinado a ser adoptado tal como 

está, o con revisiones, y a convertirse en un 

código oficial de un determinado gobierno.

cohesión la propiedad que mantiene unido a 

un adhesivo.

cojinete de deslizamiento tipo de rodamiento 

en el que las piezas móviles se desplazan en 

un cojinete o tubo de metal liso..

condiciones de trabajo los aspectos del 

ambiente laboral que condicionan el trabajo.

conductor material que permite que fluya la 

electricidad.

GLOSARIO
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REVIEW QUESTIONS are designed to reinforce the 
 information in the chapter as well as give students the 
opportunity to think about what has been learned and 
what they have accomplished.
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Column I

Column II

1. 16-ounce, curved-claw hammer
a. Sawing with the grain of wood

2. Cat’s-paw

b. Sawing sharp curves in wood

3. Plumb bob 
c. Scoring gypsum wallboard

4. Chalk line

d. Checking square corners

5. 2-foot level
e. Tightening and loosening small nuts and 

bolts

6. Builder’s level
f. Checking and measuring elevations over long 

distances

7. Rip saw

g. Used by framing carpenters for driving large 

nails

8. Electrician’s pliers
h. For cutting wire and gripping parts

9. 10-inch adjustable wrench
i. Used by finish carpenters for driving nails

10. Nut driver
j. Marking a straight line for many feet

11. Crosscut saw
k. Checking to make sure that a line is perfectly 

vertical

12. Coping saw
l. Turning a screw-on fitting on a pipe

13. 24-ounce, straight-claw hammer
m. Pulling nails

14. Rafter square
n. Checking a window header to make sure that 

it is level

15. 18-inch pipe wrench
o. Sawing across a board

16. Utility knife
p. Tightening large bolts

17. List three safety rules for using laser levels.

a. 

b. 

c. 

18. Describe the difference between a crosscut 

saw and a ripsaw.

19. Explain why safety glasses are necessary 

when driving nails with a hammer.

20. What measurements are indicated in 

Figure 14-52?

a. 

b. 

c. 

d. 

e. 

REVIEW QUESTIONS

Answer the following questions.

Match the uses in Column II with the tools in Column I.

1
inches 2

A D B C E

FIGURE 14-52 Problem 20.

ACTIVITIES complete each chapter where applicable 
and are intended to provide students with a practi-
cal “hands-on” experience as it relates to the reading 
within the text. Everything from identification of tools 
to Internet research, critical thinking, and building—
these activities bring the key points of the chapter to 
life!

TURNKEY CURRICULUM AND TEACHING MATERIAL PACKAGE
We understand that a text is only one part of a complete, turnkey educational system. We also understand that instructors 
want to spend their time on teaching, not preparing to teach. The Residential Construction Academy series is  committed 
to providing thorough curriculum and preparatory materials to aid instructors and alleviate some of those heavy prepara-
tion commitments. An integrated teaching solution is ensured with this text, including the MindTap, Instructor’s  Resource 
CD and Companion website, a printed Instructor’s Resource Guide, and Student Workbook.

8 0   S E C T I O N  2   S A F E T Y

ACTIVITIES

BUILDING A SCAFFORD

Beginning workers in construction are often called 

upon to help build scaffolding. You should not 

attempt to build scaffolds on your own until you have 

been thoroughly trained by a competent person. In 

this activity, you will work in a small group to build a 

safe scaffold. Do not climb on the scaffold you build 

until it has been inspected by your instructor.

EQUIPMENT AND MATERIALS

• All parts necessary to build fabricated metal 

scaffold two stages high

• 2-foot level

• Shovel

• 2 3 10 or 2 3 8 lumber as needed to prepare a 

level base

• Scaffold-grade wood planks or prefabricated 

scaffold planks

PROCEDURE

1. Working in the area designated by your instruc-

tor, lay out all scaffold parts, and inspect them 

to ensure that they are in good condition.

2. If you are working on bare ground, you may 

need to prepare a level base. Shovel away high 

spots or build up low spots with 2 3 8 or 2 3 

10 cribbing. Use a straight piece of lumber and 

a level to ensure that all four corners are level 

and solid (Fig. 5-7). If the cribbing does not 

make solid contact with the ground or if one 

corner is high or low, fix it before you go on.

3. Place adjustable base plates on two end 

frames, position them on the prepared base, 

and join the two end frames with two diagonal 

cross braces. It might be necessary to move or 

adjust the base you prepared so that the base 

plates fit squarely on top of the prepared sur-

face. This step is especially important. If you 

start building your scaffold on a solid, level 

base, the rest is much easier. If your base is 

not level, the problem will be magnified as the 

scaffold goes up.

FIGURE 5-7 Use lumber to prepare a level base for the 

scaffold bases.

4. Check the end frames to see that the posts 

are plumb (use a level to ensure that they 

are  perpendicular to the earth’s surface—see 

 Chapter 14) and the horizontal pieces are level.

5. Have your instructor check your work before 

you proceed.

6. Plank the first stage of scaffolding. The planks 

should have cleats to prevent them from slip-

ping off the end frame (Fig. 5-8).

7. Insert coupling pins in all four top corners, and 

set two more end frames on top of the bottom 

stage.

8. Install diagonal bracing on the second stage.

9. Place planking approximately 8 feet from the 

ground. The planking from the first stage can 

be moved up, or you may choose to leave that 

planking in place and place new planking on 

the second stage.
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MINDTAP
MindTap is a personalized teaching experience with relevant assignments that guide students to analyze, apply, and 
 improve thinking, allowing you to measure skills and outcomes with ease.

•  Personalize Teaching: Becomes YOURS with a Learning Path that is built with key student objectives. Control what 
 students see and when they see it. Match your syllabus exactly by hiding, rearranging, or adding your own content.

•  Guide Students: Goes beyond the traditional “lift and shift” model by creating a unique learning path of relevant read-
ings, multimedia, and activities that move students up the learning taxonomy from basic knowledge and comprehension 
to analysis and application.

•  Measure Skill and Outcomes: Analytics and reports provide a snapshot of class progress, time on task, engagement, and 
completion rates.

INSTRUCTOR RESOURCE CD
The Instructor Resource CD is a complete guide to classroom management. Designed as an integrated package, the CD 
offers the instructor many valuable tools, including an electronic version of the print Instructor’s Resource Guide, Power-
Point presentations, Computerized Testbank in ExamView, and an Image Gallery.

INSTRUCTOR’S RESOURCE GUIDE
This Instructor’s Resource Guide, available in print, provides a step-by-step breakdown of the key points found in each 
chapter, along with “Teaching Tips” and correlating PowerPoint presentation slides, creating a completely streamlined 
and integrated approach to teaching. Also included are answers to the Review Questions that appear at the end of each 
chapter, as well as answers to the exercises in the workbook.

INSTRUCTOR COMPANION WEBSITE
This is an educational resource that creates a truly electronic classroom. It is a website containing tools and instructional 
resources that enrich your classroom and make your preparation time shorter. The elements of the Instructor Companion 
Website link directly to the text and tie together to provide a unified instructional system. With the Instructor Compan-
ion Website you can spend your time teaching, not preparing to teach. The website contains the materials found on the 
Instructor Resource CD, including an electronic copy of the Instructor’s Resource Guide with answers to the book and 
workbook questions, PowerPoint presentations, ExamView Testbank, and Image Gallery.

WORKBOOK
Designed to accompany Residential Construction Academy: Basic Principles for Construction, fifth edition, the workbook is 
an extension of the core text and provides additional review questions and problems designed to challenge and reinforce 
the student’s comprehension of the content presented in the core text.
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Mark Huth authored this textbook for many years, bringing a wealth of industry experience to his writing—
first working as a carpenter, contractor, building construction teacher, and then as a publisher of 
construction textbooks. Mark passed away unexpectedly on September 5, 2018. True to his admirable 

work ethic, he had already finished this edition’s manuscript ahead of schedule. The Cengage team and the many 
whose lives were touched by his as a teacher, author, and colleague remember him gratefully.

Mark’s career allowed him to consult with hundreds of construction educators in high schools, colleges, and 
universities. Basic Principles for Construction was shaped by his observations of the difficulties students have 
in studying construction and by the outstanding programs offered at the best schools in the country. He also 
 authored several other successful construction titles, including Construction Technology, Basic Blueprint Reading 
for Construction, Understanding Construction Drawings, and Practical Problems in Mathematics for Carpenters.
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and work. If I’m not there, the work doesn’t get 

done. If you get the job, you need to be there and 

run the job.”

BEST ASPECTS
Michael has a deep commitment to his work: 

“You really need to enjoy it and be passionate 

about it. I don’t think it’s with every type of 

job. In carpentry, you are using your head and 

your body. There’s no price to pay for the wear 

and tear on your body. Every piece of wood you 

need to carry with passion. If you show up for 

work in the morning, and you’re thinking that 

it’s too heavy or it’s too cold outside, you won’t 

do it.”

CHALLENGES
While Michael shares that the carpentry business 

has been good to him, he explains that building a 

business is stressful: “When I started out, I lived 

at my parents’ house. I made nothing for the first 

three years, but my guys always got paid. I got 

my tools and paid my insurance. If I hadn’t lived 

at home, there’s no way I could have done it.” 

Michael says he built his reputation doing jobs 

that he thought he could do and being honest 

with his bids, breaking down each job, figuring 

out the cost of materials and employees. At first, 

he took on small jobs, which turned into bigger 

jobs. He started out as sole proprietor and then 

became a corporation with employees. “Now it’s 

a different ballgame. You have to have liability 

insurance. It’s a business,” he notes.

Michael also comments on the challenges of deal-

ing with changes in the economy: “You can’t just 

frame now. There’s not enough work. Four years 

ago, Surguy Construction was doing seven to 

eight custom houses each year. Now we’re only 

MICHAEL E. C. SURGUY
TITLE
Owner, Michael E. C. Surguy Carpenter Contrac-

tors, Inc., New Providence, NJ

EDUCATION
Michael completed high school and attended 

vocational school studying carpentry. He later 

obtained his associate degree in occupational 

studies from the State University of New York at 

Delhi.

HISTORY
After working as a carpenter and woodworker for 

a number of years, Michael established his own 

business; he is the sole owner of Michael E. C. 

Surguy Carpenter Contractors, Inc. Michael’s com-

pany does basic framing to complex remodeling 

and additions, working on $3–$4 million homes. 

A recipient of the Community Builders Association 

of New Jersey’s Sub-Contractor of the Year Award, 

Surguy is one of New Jersey’s specialized carpen-

try contractors.

ON THE JOB
In a typical day, Michael says, “I need to be on the 

job. I don’t just set up my guys and leave. I have a 

tool belt on every day. People pay me to be there 

SUCCESS STORY
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FUTURE OPPORTUNITIES
Michael is greatly concerned with the economy 

and its effects on the home-building business. 

He is hoping to make it through these tough 

times: “In the last four years, I started making 

money. Last year was a bad year, but this year 

has started off well. No one knows what is going 

to happen.”

WORDS OF ADVICE
Michael recalls the advice of his favorite instructor 

at Delhi: “You can either learn the right way, or 

you can learn the wrong way. But if you learn 

the wrong way, you will always work the wrong 

way.” And to this he adds advice from his own 

experience: “You have to do work to get work. 

If you don’t do work, people won’t know you.”

doing three or four a year.” In response to the 

economic downturn, Michael has diversified and 

is now doing exterior detail and cedar siding: “We 

reframe them, do all the exterior stuff, all the sof-

fit work, and bevel siding.”

IMPORTANCE OF EDUCATION
Michael persevered in school, committed to learn-

ing: “When I finished Delhi, I did a lot of studying 

on my own with trigonometry. I studied a lot at 

night on my own and took night classes. I bought 

carpentry books and studied out of those.” When 

he was starting his business, he prepared himself 

to be a one-man operation: “I knew that when I 

started out, I wouldn’t have a crew. I can probably 

pull a five-guy job with just two guys. I kept a 

smaller crew but produced just as much work.”
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5

OBJECTIVES

GLOSSARY OF ORGANIZATION OF THE INDUSTRY TERMS

•	 Describe five or more potential careers in 
construction.

•	 Explain the roles of architects, engineers, city 
building officials, and contractors.

•	 Describe the major forms of business ownership 
and the differences between them.

•	 Explain what a building code is.
•	 List three things that a union or trade association 

does for its members.

apprentice a person who is being 
trained to work in the building 
trades. Apprentices attend classes 
and work under the supervision of a 
skilled craftsman.
contractor the person who owns the 
construction business. Contractors 
enter into contracts with customers 
to do specified construction work. 
Contractors hire workers or other 
subcontractors to complete the con-
tracted work.
corporation a form of business own-
ership in which people who are not 
involved in operating the business 
own shares of the company. The 
company is operated by a board of 
directors.
craft see skilled trades.
craft union members of a particular 
craft who are organized to work for 
the betterment of all members of the 
group. Union members pay dues as a 
requirement of their membership.

developer the person or company 
that buys undeveloped land and 
works with architects and contrac-
tors to develop it into more valuable 
property.
journeyman a skilled craft worker 
who has completed an apprenticeship 
or otherwise proved his or her ability 
in the trade. The term journeyman is 
gender neutral and is used to refer to 
both male and female workers.
laborer an unskilled or semiskilled 
worker on a construction site.
model code a suggested building 
code, intended to be adopted as-is 
or with revisions to become an offi-
cial code of a particular government.
partnership a form of business in 
which more than one person shares 
the ownership and operating duties 
of a company.
profession an occupation that 
requires more than four years of col-
lege and a license to practice.

semiskilled labor workers with 
very limited training or skills in the 
construction trades.
skilled trades the building 
trades—carpenters, electricians, 
plumbers, painters, and so on. 
These occupations require training 
and skill. The skilled trades are 
often referred to as the crafts.
sole proprietorship a business 
whose owner and operator are the 
same person.
subcontractor a contractor who 
is performing work for another 
contractor.
technicians technicians provide a 
link between the skilled trades and 
the professions by using mathematics, 
computer skills, specialized equip-
ment, and knowledge of construction.
unskilled labor workers with no 
specific training in the construction 
trades. This term also applies to 
work that does not require training.

After completing this chapter, the student should be able to:

CHAPTER ONE
ORGANIZATION OF THE 
INDUSTRY
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6     S E C T I O N  1     T h e  C onstruction            I n d ustry   

is familiar with the bricklayer’s tools. Many laborers 
go on to acquire additional skills and become skilled 
workers. Laborers who specialize in a particular 
trade are often paid slightly more than completely 
unskilled laborers.

SKILLED TRADES
A craft or skilled trade is an occupation that involves 
working with tools and materials and building struc-
tures. The building trades are the crafts that deal 
most directly with building construction (Fig. 1-2).

The skills required for employment in the build-
ing trades can often be learned in an apprentice 
program. Apprenticeships are usually offered by 
trade unions, trade associations, technical colleges, 
and large employers. Apprentices attend class a few 
hours a week to learn the necessary theory. The rest 
of the week they work on a jobsite under the super-
vision of a journeyman (a skilled worker who has 
completed the apprenticeship and has experience 

The residential construction industry is a big 
sector of the U.S. economy. When the economy 
of the nation is weak, there is often a decline in 

new home construction. This is measured by the num-
ber of housing starts. As the economy improves, hous-
ing starts increase. Recently, there has been a strong 
increase in housing starts, and the U.S. Department of 
Labor estimates that the growth in construction jobs 
will be greater than that for the total workforce. There 
are opportunities for people to work at all levels in 
the construction industry, from those who handle the 
tools and materials on the jobsite to the senior engi-
neers and architects who spend most of their time in 
offices. Few people spend their entire lives in a single 
occupation, and even fewer spend their lives working 
for only one employer. You should be aware of all the 
opportunities in the construction industry so that you 
can make career decisions in the future, even if you 
are sure of what you want to do at this time.

CONSTRUCTION PERSONNEL
The occupations in the construction industry can be 
divided into four categories:

•	 unskilled or semiskilled labor
•	 skilled trades or crafts
•	 technicians
•	 design and management

UNSKILLED OR SEMISKILLED LABOR
Construction is labor-intensive. That means it requires 
a lot of labor to produce the same dollar value of 
end products by comparison with other industries, 
where labor may be a smaller part of the picture. A 
construction worker with limited skills is called a 
laborer. Laborers are sometimes assigned the tasks 
of moving materials, running errands, and working 
under the close supervision of a skilled worker. Their 
work is strenuous, and so construction laborers must 
be in excellent physical condition. Laborers may be 
unskilled, meaning they have no skills related to the 
trade they are helping; or they may be semiskilled, 
with some skills, but not enough to be considered a 
skilled craftsperson.

Construction laborers are construction workers 
who have not reached a high level of skill in a par-
ticular trade and are not registered in an appren-
ticeship program. These laborers often specialize 
in working with a particular trade, such as mason’s 
tenders or carpenter’s helpers (Fig. 1-1). Although 
the mason’s tender may not have the skill of a brick-
layer, the mason’s tender knows how to mix mortar 
for particular conditions, can erect scaffolding, and 

FIGURE 1-1  This construction laborer is a 
mason’s tender.
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on the job). The term “journeyman” has been used 
for decades and probably will continue to be used 
for many more decades, but it is worth noting that 
many highly skilled building trades workers are 
women. Apprentices receive a much lower salary 
than do journeymen, often about 50 percent of what 
a journeyman receives. The apprentice wage usually 
increases as stages of the apprenticeship are suc-
cessfully completed. By the time the apprenticeship 
is completed, the apprentice can be earning as much 
as 95 percent of what a journeyman earns. Many 
apprentices receive college credit for their train-
ing. Some journeymen receive their training through 
school or community college and on-the-job train-
ing. In one way or another, some classroom train-
ing and some on-the-job supervised experience are 
usually necessary to reach journeyman status. Not 
all apprentice programs are the same, but a typical 
apprenticeship lasts four or five years and requires 
between 100 and 200 hours per year of classroom 
training, along with 1,200–1,500 hours per year of 
supervised work experience.

The building trades are among the highest pay-
ing of all skilled occupations. However, work in the 
building trades can involve working in cold con-
ditions in winter or blistering sun in the summer. 
Also, job opportunities will be best in an area where 
a lot of construction is being done. This should 

not be much of a threat to a person interested in 
a career in the trades. The construction industry is 
growing at a high rate nationwide. Generally, plenty 
of work is available to provide a comfortable living 
for a good worker.

TECHNICIANS
Technicians provide a link between the skilled trades 
and the professions. Technicians often work in offices, 
but their work also takes them to construction sites. 
Technicians use mathematics, computer skills, spe-
cialized equipment, and knowledge of construction to 
perform various jobs. Figure 1-3 lists several techni-
cal occupations.

Most technicians have some type of college edu-
cation, often combined with on-the-job experience, 
to prepare them for their technical jobs. Community 
colleges often have programs aimed at preparing 
people to work at the technician level in construc-
tion. Some community college programs are intended 
especially for preparing workers for the building 
trades, while others have a construction management 
focus. Construction management courses, such as 
those listed in Figure 1-4, give the graduate a good 
overview of the business of construction. The starting 
salary for a construction technician is about the same 
as for a skilled trade, but the technician can be more 
certain of regular work and will have better opportu-
nities for advancement.

Carpenter
Framing carpenter
Finish carpenter
Cabinetmaker

Plumber
New construction
Maintenance and repair

Roofer
Electrician

Construction electrician
Maintenance electrician

Mason
Bricklayer (also lays concrete blocks)
Cement finisher

HVAC technician
Plasterer

Finish plaster
Stucco plaster

Tile setter
Equipment operator
Drywall installer

Installer
Taper

Painter

FIGURE 1-2  Building trades.

FIGURE 1-3  Technicians.

Technical Career Some Common Jobs

Surveyor Measures land, draws maps, lays out
building lines, and lays out roadways

Estimator Calculates time and materials neces-
sary for project

Drafter Draws plans and construction details
in conjunction with architects and
engineers

Expeditor Ensures that labor and materials are
scheduled properly

Superintendent Supervises all activities at one or
more jobsites

Inspector Inspects project for compliance with
local building codes at various stages
of completion

Planner Plans for best land and community
development
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FIGURE 1-4  Typical construction management program at a community college.

First Semester Credits

Second Semester Credits

Third Semester Credits

Fourth Semester Credits

FYE101            First Year Experience                                               1
BCT103           Construction Hand and Power Tools                               1
BCT104           Construction Safety and Equipment                             1
BCT109           Framing Principles                                                                  4
BCT110           Site Preparation and Layout                                                     2
BCT117           Construction Materials  and Application I                    3
CSC124           Information, Technology, and Society                                   3
MTH124           Technical Algebra and Trigonometry I                                   3
or
MTH180           College Algebra and Trigonometry I                                3
            TOTAL CREDITS                                             18

BCT255           Construction Estimating                             3
BCT256           Residential Construction Planning, Scheduling and Management                      3
BCT259           Trim and Millwork                                    5
BCT268           Construction Technology Applications                                                                 3
BCT305           Codes in Construction                        1
HUM                Humanities Elective                                   3
or
SSE                 Social Science Elective                     3
or
ART                 Art Elective                                                         3
or
FOR                 Foreign Language Elective                     3
or
AAE                 Applied Arts Elective                                   3
or
IFE                   International Field Experience Elective                                                                 3
           TOTAL CREDITS                                                18

BCT234           Masonry Principles                                                   5
BCT238           Concrete Construction                                                 3
BCT260           Introduction to Electrical and Mechanical Systems                3
ENL201           Technical and Professional Communication                    3
PHS103           Physics Survey                                                 3
or
PHS114           Physics with Technological Applications                    4
           TOTAL CREDITS                                                17

BCT118           Construction Materials and Applications II                           3
BCT107           Print Reading and Architectural Drafting                 3
BCT130           Interior Finish                                             3
BCT135           Weather Resistant Barriers and Finishes                    2
BCT140           Roof Structures                                             3
ENL111           English Composition I                              3
FIT                   Fitness and Lifetime 
                         Sports Elective                                                                1
           TOTAL CREDITS                                                           18
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DESIGN AND MANAGEMENT
Architecture, engineering, and contracting are design 
and management professions. A profession is an occu-
pation that requires four or more years of college and a 
license to practice. Many contractors have fewer than 
four years of college, but they often operate at a high 
level of business, influencing millions of dollars, and 
so they are included with the professions here. Many 
construction professionals spend most of their time in 
offices and are not frequently seen on the jobsite.

Architects usually have a strong background in 
art, so they are well prepared to design attractive, 
functional buildings. A typical architect’s educa-
tion includes a four-year degree in fine art, followed 
by a master’s degree in architecture. Most of their 
construction education comes during the final years 
of work on the architecture degree.

Engineers generally have more background in 
mathematics and science, so they are prepared to ana-
lyze conditions and calculate structural characteristics. 
There are many specialties within engineering, but 
civil engineers are the ones most commonly found in 
construction. Some civil engineers are mostly involved 
in road layout and building work. Other civil engi-
neers work mostly with structures. They are sometimes 
referred to as structural engineers.

A contractor is the person who owns the 
construction business, who does most of the build-
ing. In some cases, the company itself is consid-
ered the contractor, because it is the company that 
enters into a contract for the work. In larger con-
struction firms, the principal (the owner) may be 
more concerned with running the business than 
with supervising construction. Some contractors are 
referred to as general contractors and others as the 
subcontractor (Fig. 1-5). The general contractor 
is the principal construction company hired by the 
owner to construct the building. A general contrac-
tor might have only a skeleton crew, relying on sub-
contractors for most of the actual construction. The 
general contractor’s superintendent coordinates the 
work of all the subcontractors.

It is quite common for a successful journeyman to 
start his or her own business as a contractor, spe-
cializing in the field in which he or she is a journey-
man. These are subcontractors who sign on to do a 
specific part of the construction, such as framing or 
plumbing. As the contractor’s company grows and the 
company works on several projects at one time, the 
skilled workers with the best ability to lead others 
may become foremen. A foreman is a working super-
visor of a small crew of workers in a specific trade. 
All contractors have to be concerned with business 

management. For this reason, many successful con-
tractors attend college and get a degree in construc-
tion management. Most states require contractors 
to have a license to do contracting in their state. 
Requirements vary from state to state, but a contrac-
tor’s license usually requires several years of experi-
ence in the trade and a test on both trade information 
and the contracting business.

AN OVERALL VIEW OF DESIGN AND 
CONSTRUCTION
To understand the relationships between some of the 
design and construction occupations, we shall look 
at a typical housing development. The first people 
to be involved are the community planners and the 
real estate developer. The real estate developer has 
identified a 300-acre tract on which he would like 
to build nearly 1,000 homes, which he will later sell 
at a profit. The developer must work with the city 
planners to ensure that the purpose for which he has 
planned is acceptable to the city. The city planner 
is responsible for ensuring that all buildings in the 
city fit the city’s development plan and zoning ordi-
nances. On such a big project, the developer might 
even bring in a planner of his own to help decide 
where parks and community buildings should be 
located and how much parking space they will need.

As the plans for development begin to take shape, 
it becomes necessary to plan streets and to start 
designing houses to be built throughout the devel-
opment. A civil engineer is hired to plan and design 
the streets. The civil engineer will first work with the 
developer and planners to lay out the locations of the 
streets, their widths, and drainage provisions to get 
rid of storm water. (Did you ever consider how much 
water falls on a one-mile-long by 32-foot-wide street 
when an inch of rain falls? More than 105,000 gal-
lons! Where does that water go?) The civil engineer 
also considers soil conditions and expected traffic to 
design the foundation for the roadway.

An architectural firm, or perhaps a single architect, 
will design the houses. Typically, several stock plans are 
used throughout a development, but many homeown-
ers wish to pay extra to have a custom home designed 
and built. In a custom home, everything is designed for 
that particular house. Usually, the homeowner, who will 
eventually live in the house, works with the architect 
to specify the sizes, shapes, and locations of rooms; 
interior and exterior trim; type of roof; built-in cabi-
nets and appliances; use of outdoor spaces; and other 
special features. Architects specialize in use of space, 
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