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Preface

A course in mechanics of materials provides an opportunity to accom-
plish two things: first, to teach students a basic engineering subject and,
second, to develop their analytical and problem-solving abilities. While
preparing this extensive revision, I have kept both of these goals in mind.
The facts, theories, and methodologies are presented in a teachable and
easy-to-learn manner, with ample discussions and numerous illustrative
examples, so that undergraduate students can readily master the subject
matter. At the same time, emphasis is placed on fundamental concepts
and on how to analyze mechanical and structural systems. Many exam-
ples and problems require that students do some original thinking.

This book covers all the standard topics of mechanics of materials
and presents them at a level suitable for sophomore and junior engi-
neering students. In addition, much material of a more advanced and
specialized nature is included. Thus, this book can serve both as a text
and as a permanent reference.

A glance at the table of contents shows the topics covered and the
way in which they are organized. The topics include the analysis and
design of structural members subjected to axial loads, torsion, and bend-
ing, as well as such fundamental concepts as stress, strain, elastic and
inelastic behavior, and strain energy. Other topics of general interest are
the transformations of stress and strain, deflections of beams, behavior of
columns, and energy methods. More specialized topics are thermal and
prestrain effects, pressure vessels, nonprismatic members, unsymmetric
bending, shear center, inelastic bending, and discontinuity functions.

Much more material than can be covered in a single course is
included in the book, hence teachers have the opportunity to select the
topics that they feel are the most fundamental and relevant. Teachers will
also appreciate the hundreds of new problems (over 1,000 problems total)
that are available for homework assignments and classroom discussions.
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Both the International System of Units (SI) and the U.S. Customary
System (USCS) are used in the numerical examples and problems. Dis-
cussions of both systems and a table of conversion factors are given in the
appendix.

References and historical notes are collected at the back of the book.
They include the original sources of the subject matter and biographical
notes about the pioneering engineers, scientists, and mathematicians who
created the subject.

This book is new in the sense that it is a completely new presentation
of mechanics of materials; yet in another sense it is old because it evolved
from earlier books of Professor Stephen P. Timoshenko (1878-1972).
Timoshenko’s first book on mechanics of materials was published in
Russia in 1908. His first American book on the subject was published in
two volumes in 1930 by D. Van Nostrand Company under the title
Strength of Materials; second editions were published in 1940 and 1941
and third editions in 1955 and 1956. The first edition of Mechanics of
Materials, written by the present author but drawing upon the earlier
books, was published in 1972.

This second edition has been completely rewritten with expanded
and easier-to-read discussions, many more examples and problems, and
several new topics (including pressure vessels, discontinuity functions,
and inelastic buckling). Every effort has been made to eliminate errors,
but no doubt some are inevitable. If you find any, please jot them down
and mail them to the author (Department of Civil Engineering, Stanford
University, Stanford, CA 94305); then we can correct them immediately
in the next printing of the book.

To acknowledge everyone who contributed to this book in some
manner is clearly impossible, but a major debt is owed my former Stan-
ford teachers (those giants of mechanics, including Timoshenko himself,
Wilhelm Fliigge, James Norman Goodier, Miklés Hetényi, Nicholas J.
Hoff, and Donovan H. Young) from whom I learned so much and my
current Stanford colleagues (especially Ed Kavazanjian, Tom Kane,
Anne Kiremidjian, Helmut Krawinkler, Jean Mayers, Cedric Richards,
Haresh Shah, and Bill Weaver) who made suggestions for the book and
provided cooperation during its writing. Several reviewers and friends
(including Jim Harp, Ian Johnston, Hugh Keedy, and Aron Zaslavsky)
provided valuable comments, and conscientious graduate students (Tha-
lia Anagnos, Jodo Azevedo, Fouad Bendimerad, and Hassan Hadidi-
Tamjed) checked the proofs. The manuscript was carefully typed by
Susan Gere Durham, Janice Gere, Lu Ann Hall, and Laurie Yadon.
Editing and production were handled with great skill and a cooperative
spirit by Ray Kingman of Brooks/Cole and Mary Forkner of Publication
Alternatives, Palo Alto. My wife, Janice, offered encouragement and
exercised patience throughout this project. So also did other family
members—Susan and DeWitt Durham, Bill Gere, and David Gere. To all
of these wonderful people I am pleased to express my gratitude.

James M. Gere
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strain energy
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modulus of resilience

modulus of toughness

complementary energy
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angle, coefficient of thermal expansion, nondimensional
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shear coefficient
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allowable stress (or working stress)

critical stress for a column (o, = P_,/A)

proportional limit stress

residual stress

ultimate stress

yield stress

shear stress

shear stresses on planes perpendicular to the x, y, and z axes and parallel
to the y, z, and x axes

shear stress on inclined plane

shear stress on plane perpendicular to the rotated x, axis and parallel to
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CHAPTER

Tension, Compression,

1.7 INTRODUCTION

Mechanics of materials is a branch of applied mechanics that deals
with the behavior of solid bodies subjected to various types of load-
ing. This field of study is known by several names, including “Strength
of materials” and “mechanics of deformable bodies.” The solid bodies
considered in this book include axially loaded members, shafts in tor-
sion, thin shells, beams, and columns, as well as structures that are as-
semblies of these components. Usually the objectives of our analysis
will be the determination of the stresses, strains, and deflections pro-
duced by the loads. If these quantities can be found for all values of
load up to the failure load, then we will have a complete picture of the
mechanical behavior of the body.

A thorough understanding of mechanical behavior is essential for
the safe design of all structures, whether buildings and bridges, machines
and motors, submarines and ships, or airplanes and antennas. Hence,
mechanics of materials is a basic subject in many engineering fields. Of
course, statics and dynamics are also essential, but they deal primarily
with the forces and motions associated with particles and rigid bodies.
In mechanics of materials, we go one step further by examining the
stresses and strains that occur inside real bodies that deform under
loads. We use the physical properties of the materials (obtained from
experiments) as well as numerous theoretical laws and concepts, which
are explained in succeeding sections of this book.

Theoretical analyses and experimental results have equally impor-
tant roles in the study of mechanics of materials. On many occasions, we
will make logical derivations to obtain formulas and equations for pre-
dicting mechanical behavior, but we must recognize that these formulas
cannot be used in a realistic way unless certain properties of the mate-
rials are known. These properties are available to us only after suitable
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