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PREFACE

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 fundamental and
well-understood principles. This text is designed for the first course in me-
chanics of materials—or strength of materials—offered to engineering stu-
dents 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.

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 mod-
els. This approach makes it possible to develop all the necessary for-
mulas in a rational and logical manner, and to clearly indicate the con-
ditions 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 to de-
termine 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.

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 re-
lations existing between stress and strain in the material, and the con-
ditions imposed by the supports and loading of the member. The study

xiii
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of each type of loading is complemented by a large number of exam-
ples, 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 tor-
sion and pure bending. However, the discussion of computational
techniques—such as Mohr’s circle—used for the transformation 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 tech-
niques.

In this new edition, the discussion in Chap. 2 of the relation be-
tween stress and strain in various materials has been expanded to in-
clude fiber-reinforced composite materials. Also, the study of beams
under transverse loads is now covered in two separate chapters. Chap-
ter 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 in-
cludes 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 expanded optional section on nonprismatic
beams (Sec. 5.6).

Chapter 6 is devoted to the determination of shearing stresses in
beams and thin-walled members under transverse loadings. In this new
edition, and at the suggestion of our reviewers, the formula for the shear
flow, g = VQ/I, is derived in the traditional way. More advanced as-
pects of the design of beams, such as the determination of the princi-
pal stresses at the junction of the flange and web of a W-beam, have
been moved to 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 has been moved to that chapter for the
same reason, as well as the determination of stresses under combined
loadings which, in this new position, can now include the determina-
tion of the principal 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 which 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 fuundamental method
by the end of the course. In addition, this approach helps the students
realize that stresses themselves are statically indeterminate and can



be computed only by considering the corresponding distribution of
strains.

Design concepts are discussed throughout the text whenever appro-
priate. 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.

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 in-
structor, its inclusion in the body of the text will help students realize
the limitations of the assumption of a linear stress-strain relation and
serve to caution them against the inappropriate use of the eleastic tor-
sion 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 instead off three as
in our previous edition.

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

Additional topics such as residual stresses, torsion of noncircular and
thin-walled members, bending of curved beams, shearing stresses in non-
symmetrical members, and failure criteria, have been included in op-
tional sections for use in courses of varying emphases. To preserve the
integrity 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 stu-
dents if needed in a later course or in engineering practice. For conven-
ience all optional sections have been indicated by asterisks.

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.
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. Each chap-
ter ends with a review and summary of the material covered in the chap-
ter. 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. The theory sec-
tions include many examples designed to illustrate the material being
presented and facilitate its understanding. The sample problems are in-
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tended 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 sam-
ple 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. Most of the problems are of a practi-
cal nature and should appeal to engineering students. They are primar-
ily 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 increas-
ing difficulty. Problems requiring special attention have been indicated
by asterisks. Answers to problems are given at the end of the book, ex-
cept for those with a number set in italics.

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. The avail-
ability of personal computers makes it possible for engineering students
to solve a great number of challenging problems. In this new edition
of Mechanics of Materials, a group of six or more problems designed
to be solved with a computer can be found at the end of each chapter.
Developing the algorithm required to solve a given problem will ben-
efit the students in two different ways: (1) it will help them gain a bet-
ter understanding of the mechanics principles involved; (2) it will pro-
vide them with an opportunity to apply the skills acquired in their
computer programming course to the solution of a meaningful engi-
neering problem.

The authors wish to acknowledge with gratitude the helpful com-
ments and suggestions of the following colleagues from various uni-
versities: Candace A. Ammerman (Colorado School of Mines), Subhash
C. Anand (Clemson University), Christopher M. Foley (Marquette Uni-
versity), Paul Heyliger (Colorado State University), D. A. Jenkins (Uni-
versity of Florida), Vistap M. Karbhari (University of California, San
Diego), Ajit D. Kelkar (North Carolina A&T State University), Timo-
thy C. Kennedy (Oregon State University), Robert M. Korol (McMas-
ter University), Jack Lesko (Virginia Polytechnic Institute), Lee L.
Lowery, Jr. (Texas A&M University), Ghyslaine McClure (McGill Uni-
versity), Amhad Pourmovahed (Kettering University), G. E. Ramey
(Auburn University), Ting-Leung Sham (Rensselaer Polytechnic Insti-
tute), Stephen W. Swanson (The University of Utah), M. D. A. Thomas
(University of Toronto), George Z. Voyiadjis (Louisiana State Univer-
sity), Douglas Winslow (Purdue University), and Manoochehr Zoghi
(The University of Dayton).

Their special thanks go to two colleagues on the Lehigh University
faculty: Dean Updike, of the Department of Mechanical Engineering



and Mechanics, who checked the solutions and answers of all the prob-
lems in this edition, and Le-Wu Lu, of the Department of Civil and En-
vironmental Engineering, who provided the photograph used on the
cover of this book.

Ferdinand P. Beer
E. Russell Johnston, Jr.
John T. DeWolf
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