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Sl Prefixes

Multiplication Factor PrefixT Symbol
1 000 000 000 000 = 10" tera T
1 000 000 000 = 10° giga G
1 000 000 = 108 mega M
1000 = 103 kilo k
100 = 102 hecto} h
10 = 10! dekat da
0.1 =10" deci} d
0.01 =102 centi} c
0.001 = 1073 milli m
0.000 001 = 10°° micro “
0.000 000 001 = 107* nano n
0.000 000 000 001 = 102 pico P
0.000 000 000 000 001 = 10715 femto f
0.000 000 000 000 000 001 = 1078 atto a

t The first syllable of every prefix is accented so that the prefix will retain its identity.
Thus, the preferred pronunciation of kilometer places the accent on the first syllable, not

the second.

1 The use of these prefixes should be avoided, except for the measurement of areas and vol-
umes and for the nontechnical use of centimeter, as for body and clothing measurements.

Principal Sl Units Used in Mechanics

Quantity Unit Symbol Formula
Acceleration Meter per second squared - m/s?
Angle Radian rad f
Angular acceleration  Radian per second squared - rad/s®
Angular velocity Radian per second rad/s
Area Square meter m?>
Density Kilogram per cubic meter kg/m?
Energy Joule ] N - m
Force Newton N kg - m/s?
Frequency Hertz Hz st
Impulse Newton-second kg - m/s
Length Meter m H
Mass Kilogram kg H
Moment of a force Newton-meter N -m
Power Watt w /s
Pressure Pascal Pa N/m?
Stress Pascal Pa N/m?
Time Second s H
Velocity Meter per second m/s
Volume, solids Cubic meter m?
Liquids Liter L 1072 m?
Work Joule ] N -m

 Supplementary unit (1 revolution = 27 rad = 360°).

1 Base unit.



U.S. Customary Units and Their SI Equivalents

Quantity U.S. Customary Units S| Equivalent
Acceleration ft/s? 0.3048 m/s>
in./s> 0.0254 m/s?
Area ft? 0.0929 m?
in? 645.2 mm?
Energy ft - b 1.356 |
Force kip 4.448 kN
Ib 4.448 N
oz 0.2780 N
Impulse Ib-s 4448 N - s
Length ft 0.3048 m
in. 25.40 mm
mi 1.609 km
Mass 0z mass 28.35 g
Ib mass 0.4536 kg
slug 14.59 kg
ton 907.2 kg
Moment of a force Ib - ft 1.356 N - m
Ib - in. 0.1130 N - m
Moment of inertia
Of an area in* 0.4162 X 10° mm*
Of a mass Ib-ft-s? 1.356 kg - m?
Power ft - 1b/s 1.356 W
hp 7457 W
Pressure or stress b/t 47.88 Pa
Ib/in? (psi) 6.895 kPa
Velocity ft/s 0.3048 m/s
in./s 0.0254 m/s
mi/h (mph) 0.4470 m/s
mi/h (mph) 1.609 km/h
Volume, solids ft? 0.02832 m®
in® 16.39 cm?®
Liquids gal 3.785 L
qt 0.9464 L
Work ft - b 1.356 |
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Preface

OBJECTIVES

The main objective of a basic mechanics course should be to develop
in the engineering student the ability to analyze a given problem in
a simple and logical manner and to apply to its solution a few fun-
damental and well-understood principles. This text is designed for
the first course in mechanics of materials—or strength of materials—
offered to engineering students in the sophomore or junior year. The
authors hope that it will help instructors achieve this goal in that
particular course in the same way that their other texts may have
helped them in statics and dynamics.

GENERAL APPROACH

In this text the study of the mechanics of materials is based on the
understanding of a few basic concepts and on the use of simplified
models. This approach makes it possible to develop all the necessary
formulas in a rational and logical manner, and to clearly indicate the
conditions under which they can be safely applied to the analysis and
design of actual engineering structures and machine components.

Free-body Diagrams Are Used Extensively. Throughout the
text free-body diagrams are used to determine external or internal
forces. The use of “picture equations” will also help the students
understand the superposition of loadings and the resulting stresses
and deformations.

Design Concepts Are Discussed Throughout the Text When-
ever Appropriate. A discussion of the application of the factor
of safety to design can be found in Chap. 1, where the concepts of
both allowable stress design and load and resistance factor design are
presented.

A Careful Balance Between Sl and U.S. Customary Units s
Consistently Maintained. Because it is essential that students be
able to handle effectively both SI metric units and U.S. customary
units, half the examples, sample problems, and problems to be
assigned have been stated in SI units and half in U.S. customary
units. Since a large number of problems are available, instructors can
assign problems using each system of units in whatever proportion
they find most desirable for their class.

Optional Sections Offer Advanced or Specialty Topics. Topics
such as residual stresses, torsion of noncircular and thin-walled mem-
bers, bending of curved beams, shearing stresses in non-symmetrical



members, and failure criteria, have been included in optional sec-
tions for use in courses of varying emphases. To preserve the integ-
rity of the subject, these topics are presented in the proper
sequence, wherever they logically belong. Thus, even when not
covered in the course, they are highly visible and can be easily
referred to by the students if needed in a later course or in engi-
neering practice. For convenience all optional sections have been
indicated by asterisks.

CHAPTER ORGANIZATION

It is expected that students using this text will have completed a
course in statics. However, Chap. 1 is designed to provide them with
an opportunity to review the concepts learned in that course, while
shear and bending-moment diagrams are covered in detail in Secs.
5.2 and 5.3. The properties of moments and centroids of areas are
described in Appendix A; this material can be used to reinforce the
discussion of the determination of normal and shearing stresses in
beams (Chaps. 4, 5, and 6).

The first four chapters of the text are devoted to the analysis
of the stresses and of the corresponding deformations in various
structural members, considering successively axial loading, torsion,
and pure bending. Each analysis is based on a few basic concepts,
namely, the conditions of equilibrium of the forces exerted on the
member, the relations existing between stress and strain in the mate-
rial, and the conditions imposed by the supports and loading of the
member. The study of each type of loading is complemented by a
large number of examples, sample problems, and problems to be
assigned, all designed to strengthen the students’ understanding of
the subject.

The concept of stress at a point is introduced in Chap. 1, where
it is shown that an axial load can produce shearing stresses as well
as normal stresses, depending upon the section considered. The fact
that stresses depend upon the orientation of the surface on which
they are computed is emphasized again in Chaps. 3 and 4 in the
cases of torsion and pure bending. However, the discussion of com-
putational techniques—such as Mohr’s circle—used for the transfor-
mation of stress at a point is delayed until Chap. 7, after students
have had the opportunity to solve problems involving a combination
of the basic loadings and have discovered for themselves the need
for such techniques.

The discussion in Chap. 2 of the relation between stress and
strain in various materials includes fiber-reinforced composite mate-
rials. Also, the study of beams under transverse loads is covered in
two separate chapters. Chapter 5 is devoted to the determination of
the normal stresses in a beam and to the design of beams based
on the allowable normal stress in the material used (Sec. 5.4). The
chapter begins with a discussion of the shear and bending-moment
diagrams (Secs. 5.2 and 5.3) and includes an optional section on the
use of singularity functions for the determination of the shear and
bending moment in a beam (Sec. 5.5). The chapter ends with an
optional section on nonprismatic beams (Sec. 5.6).

Preface

xiii



Xiv

Preface

Chapter 6 is devoted to the determination of shearing stresses
in beams and thin-walled members under transverse loadings. The
formula for the shear flow, ¢ = VQ/I, is derived in the traditional
way. More advanced aspects of the design of beams, such as the
determination of the principal stresses at the junction of the flange
and web of a W-beam, are in Chap. 8, an optional chapter that may
be covered after the transformations of stresses have been discussed
in Chap. 7. The design of transmission shafts is in that chapter for
the same reason, as well as the determination of stresses under com-
bined loadings that can now include the determination of the prin-
cipal stresses, principal planes, and maximum shearing stress at a
given point.

Statically indeterminate problems are first discussed in Chap. 2
and considered throughout the text for the various loading conditions
encountered. Thus, students are presented at an early stage with a
method of solution that combines the analysis of deformations with
the conventional analysis of forces used in statics. In this way, they
will have become thoroughly familiar with this fundamental method
by the end of the course. In addition, this approach helps the stu-
dents realize that stresses themselves are statically indeterminate and
can be computed only by considering the corresponding distribution
of strains.

The concept of plastic deformation is introduced in Chap. 2,
where it is applied to the analysis of members under axial loading.
Problems involving the plastic deformation of circular shafts and of
prismatic beams are also considered in optional sections of Chaps. 3,
4, and 6. While some of this material can be omitted at the choice
of the instructor, its inclusion in the body of the text will help stu-
dents realize the limitations of the assumption of a linear stress-strain
relation and serve to caution them against the inappropriate use of
the elastic torsion and flexure formulas.

The determination of the deflection of beams is discussed in
Chap. 9. The first part of the chapter is devoted to the integration
method and to the method of superposition, with an optional section
(Sec. 9.6) based on the use of singularity functions. (This section
should be used only if Sec. 5.5 was covered earlier.) The second part
of Chap. 9 is optional. It presents the moment-area method in two
lessons.

Chapter 10 is devoted to columns and contains material on the
design of steel, aluminum, and wood columns. Chapter 11 covers
energy methods, including Castigliano’s theorem.

PEDAGOGICAL FEATURES

Each chapter begins with an introductory section setting the purpose
and goals of the chapter and describing in simple terms the material
to be covered and its application to the solution of engineering
problems.

Chapter Lessons. The body of the text has been divided into
units, each consisting of one or several theory sections followed by
sample problems and a large number of problems to be assigned.



Each unit corresponds to a well-defined topic and generally can be
covered in one lesson.

Examples and Sample Problems. The theory sections include
many examples designed to illustrate the material being presented
and facilitate its understanding. The sample problems are intended
to show some of the applications of the theory to the solution of
engineering problems. Since they have been set up in much the same
form that students will use in solving the assigned problems, the
sample problems serve the double purpose of amplifying the text and
demonstrating the type of neat and orderly work that students should
cultivate in their own solutions.

Homework Problem Sets. Most of the problems are of a practi-
cal nature and should appeal to engineering students. They are pri-
marily designed, however, to illustrate the material presented in the
text and help the students understand the basic principles used in
mechanics of materials. The problems have been grouped according
to the portions of material they illustrate and have been arranged in
order of increasing difficulty. Problems requiring special attention
have been indicated by asterisks. Answers to problems are given at
the end of the book, except for those with a number set in italics.

Chapter Review and Summary. Each chapter ends with a
review and summary of the material covered in the chapter. Notes
in the margin have been included to help the students organize their
review work, and cross references provided to help them find the
portions of material requiring their special attention.

Review Problems. A set of review problems is included at the end
of each chapter. These problems provide students further opportunity
to apply the most important concepts introduced in the chapter.

Computer Problems.  Computers make it possible for engineering
students to solve a great number of challenging problems. A group
of six or more problems designed to be solved with a computer can
be found at the end of each chapter. These problems can be solved
using any computer language that provides a basis for analytical cal-
culations. Developing the algorithm required to solve a given problem
will benefit the students in two different ways: (1) it will help them
gain a better understanding of the mechanics principles involved;
(2) it will provide them with an opportunity to apply the skills acquired
in their computer programming course to the solution of a meaning-
ful engineering problem. These problems can be solved using any
computer language that provide a basis for analytical calculations.

Fundamentals of Engineering Examination. Engineers who
seek to be licensed as Professional Engineers must take two exams.
The first exam, the Fundamentals of Engineering Examination,
includes subject material from Mechanics of Materials. Appendix E
lists the topics in Mechanics of Materials that are covered in this exam
along with problems that can be solved to review this material.
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into communities where students remain connected to their educa-
tional experience 24 hours a day.

This partnership allows you and your students access to
McGraw-Hill's Connect and Create right from within your Black-
board course—all with one single sign-on.


www.mcgrawhillconnect.com
www.mcgrawhillcreate.com
www.mcgrawhillcreate.com

Not only do you get single sign-on with Connect and Create, you
also get deep integration of McGraw-Hill content and content engines
right in Blackboard. Whether you're choosing a book for your course
or building Connect assignments, all the tools you need are right
where you want them—inside of Blackboard.

Gradebooks are now seamless. When a student completes an
integrated Connect assignment, the grade for that assignment auto-
matically (and instantly) feeds your Blackboard grade center.

McGraw-Hill and Blackboard can now offer you easy access to
industry leading technology and content, whether your campus hosts
it, or we do. Be sure to ask your local McGraw-Hill representative
for details.

ADDITIONAL ONLINE RESOURCES

Mechanics of Materials 6e also features a companion website (www.
mhhe.com/beerjohnston) for instructors. Included on the website are
lecture PowerPoints, an image library, and animations. Via the website,
instructors can also request access to C.0.S.M.O.S., a complete online
solutions manual organization system that allows instructors to create
custom homework, quizzes, and tests using end-of-chapter problems
from the text. For access to this material, contact your sales representa-
tive for a user name and password.

Hands-On  Mechanics.  Hands-On Mechanics is a website
designed for instructors who are interested in incorporating three-
dimensional, hands-on teaching aids into their lectures. Developed
through a partnership between McGraw-Hill and the Department
of Civil and Mechanical Engineering at the United States Military
Academy at West Point, thi