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James Monroe Gere
1925-2008

James Monroe Gere, Professor Emeritus of Civil Engineering at Stanford University, died in
Portola Valley, CA, on January 30, 2008. Jim Gere was born on June 14, 1925, in Syracuse,
NY. He joined the U.S. Army Air Corps at age 17 in 1942, serving in England, France and
Germany. After the war, he earned undergraduate and master’s degrees in Civil Engineering
from the Rensselaer Polytechnic Institute in 1949 and 1951, respectively. He worked as an
instructor and later as a Research Associate for Rensselaer between 1949 and 1952. He was
awarded one of the first NSF Fellowships, and chose to study at Stanford. He received his
Ph.D. in 1954 and was offered a faculty position in Civil Engineering, beginning a 34-year
career of engaging his students in challenging topics in mechanics, and structural and earth-
quake engineering. He served as Department Chair and Associate Dean of Engineering and in
1974 co-founded the John A. Blume Earthquake Engineering Center at Stanford. In 1980, Jim
Gere also became the founding head of the Stanford Committee on Earthquake Preparedness,
which urged campus members to brace and strengthen office equipment, furniture, and other
contents items that could pose a life safety hazard in the event of an earthquake. That same year, he was invited as one of
the first foreigners to study the earthquake-devastated city of Tangshan, China. Jim retired from Stanford in 1988 but con-
tinued to be a most valuable member of the Stanford community as he gave freely of his time to advise students and to
guide them on various field trips to the California earthquake country.

Jim Gere was known for his outgoing manner, his cheerful personality and wonderful
smile, his athleticism, and his skill as an educator in Civil Engineering. He authored nine text-
books on various engineering subjects starting in 1972 with Mechanics of Materials, a text that
was inspired by his teacher and mentor Stephan P. Timoshenko. His other well-known text-
books, used in engineering courses around the world, include: Theory of Elastic Stability,
co-authored with S. Timoshenko; Matrix Analysis of Framed Structures and Matrix Algebra
for Engineers, both co-authored with W. Weaver; Moment Distribution; Earthquake Tables:
Structural and Construction Design Manual, co-authored with H. Krawinkler; and Terra Non
Firma: Understanding and Preparing for Earthquakes, co-authored with H. Shah.

Respected and admired by students, faculty, and staff at Stanford University, Professor
Gere always felt that the opportunity to work with and be of service to young people both
inside and outside the classroom was one of his great joys. He hiked frequently and regu-
larly visited Yosemite and the Grand Canyon national parks. He made over 20 ascents of
Half Dome in Yosemite as well as “John Muir hikes” of up to 50 miles in a day. In 1986 he

Jim Gere in the Timoshenko hiked to the base camp of Mount Everest, saving the life of a companion on the trip. James
Library at Stanford holding a was an active runner and completed the Boston Marathon at age 48, in a time of 3:13.
copy of the 2nd edition of this James Gere will be long remembered by all who knew him as a considerate and loving

text (photo courtesy of Richard man whose upbeat good humor made aspects of daily life or work easier to bear. His last proj-
Weingardt Consultants, Inc.) ect (in progress and now being continued by his daughter Susan of Palo Alto) was a book
based on the written memoirs of his great-grandfather, a Colonel (122d NY) in the Civil War.




Preface

Mechanics of materials is a basic engineering subject that, along with
statics, must be understood by anyone concerned with the strength and
physical performance of structures, whether those structures are man-made
or natural. At the college level, mechanics of materials is usually taught
during the sophomore and junior years. The subject is required for most
students majoring in mechanical, structural, civil, biomedical, petroleum,
aeronautical, and aerospace engineering. Furthermore, many students from
such diverse fields as materials science, industrial engineering, architec-
ture, and agricultural engineering also find it useful to study this subject.

About the Brief Edition

In many university engineering programs today, both statics and mechan-
ics of materials are now taught in large sections comprised of students
from the variety of engineering disciplines listed above. Instructors for
the various parallel sections must cover the same material, and all of the
major topics must be presented so that students are well prepared for
the more advanced and follow-on courses required by their specific
degree programs. There is little time for advanced or specialty topics
because fundamental concepts such as stress and strain, deformations and
displacements, flexure and torsion, shear and stability must be covered
before the term ends. As a result, there has been increased interest in a
more streamlined, or brief, text on mechanics of materials that is focused
on the essential topics that can and must be covered in the first under-
graduate course. This text has been designed to meet this need.

The main topics covered in this book are the analysis and design of
structural members subjected to tension, compression, torsion, and bend-
ing, including the fundamental concepts mentioned above. Other important
topics are the transformations of stress and strain, combined loadings and
combined stress, deflections of beams, and stability of columns. Unfortu-
nately, it is no longer possible in most programs to cover a number of
specialized subtopics which were removed to produce this “brief” edition.
This streamlined text is based on the review comments of many instructors
who asked for a text specifically tailored to the needs of their semester
length course, with advanced material removed. The resulting brief text,
based upon and derived from the full 7th edition of this text book, covers
the essential topics in the full text with the same level of detail and rigor.
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Some of the specialized topics no longer covered here include the
following: stress concentrations, dynamic and impact loadings, nonpris-
matic members, shear centers, bending of unsymmetric beams, maximum
stresses in beams, energy based approaches for computing deflections of
beams, and statically indeterminate beams. A discussion of beams of two
materials, or composite beams, was retained but moved to the end of the
chapter on stresses in beams. Review material on centroids and moments
of inertia was also removed from the text but was placed online so is still
available to the student. Finally, Appendices A-H, as well as References
and Historical Notes, were moved online to shorten the text while retain-
ing a comprehensive discussion of major topics.

As an aid to the student reader, each chapter begins with a Chapter
Overview which highlights the major topics to be covered in that chapter,
and closes with a Chapter Summary & Review in which the key points as
well as major mathematical formulas presented in the chapter are listed
for quick review (in preparation for examinations on the material). Each
chapter also opens with a photograph of a component or structure which
illustrates the key concepts to be discussed in that chapter.

Considerable effort has been spent in checking and proofreading the
text so as to eliminate errors, but if you happen to find one, no matter
how trivial, please notify me by e-mail (bgoodno@ce.gatech.edu). We
will correct any errors in the next printing of the book.

Examples

Examples are presented throughout the book to illustrate the theoretical
concepts and show how those concepts may be used in practical situations.
In some cases, photographs have been added showing actual engineering
structures or components to reinforce the tie between theory and applica-
tion. Many instructors discuss lessons learned from engineering failures to
motivate student interest in the subject matter and to illustrate basic con-
cepts. In both lecture and text examples, it is appropriate to begin with
simplified analytical models of the structure or component and the associ-
ated free-body diagram(s) to aid the student in understanding and applying
the relevant theory in engineering analysis of the system. The text exam-
ples vary in length from one to four pages, depending upon the complexity
of the material to be illustrated. When the emphasis is on concepts, the
examples are worked out in symbolic terms so as to better illustrate the
ideas, and when the emphasis is on problem-solving, the examples are
numerical in character. In selected examples throughout the text, graphical
display of results (e.g., stresses in beams) has been added to enhance the
student’s understanding of the problem results.

Problems

In all mechanics courses, solving problems is an important part of the
learning process. This textbook offers more than 700 problems for
homework assignments and classroom discussions. The problems are
placed at the end of each chapter so that they are easy to find and don’t
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break up the presentation of the main subject matter. Also, problems are
generally arranged in order of increasing difficulty thus alerting students
to the time necessary for solution. Answers to all problems are listed
near the back of the book. An Instructor Solution Manual (ISM) is avail-
able to registered instructors at the publisher’s web site.

In addition to the end of chapter problems, a new appendix has been
added to this brief edition containing more than 100 FE Exam type
problems. Many students take the Fundamentals of Engineering Exami-
nation upon graduation, the first step on their path to registration as a
Professional Engineer. These problems cover all of the major topics pre-
sented in the text and are thought to be representative of those likely to
appear on an FE exam. Most of these problems are in SI units which is
the system of units used on the FE Exam itself, and require use of an
engineering calculator to carry out the solution. Each of the problems is
presented in the FE Exam format. The student must select from 4 avail-
able answers (A, B, C or D), only one of which is the correct answer.
The correct answer choices are listed in the Answers section at the back
of this text, and the detailed solution for each problem is available on
the student website. It is expected that careful review of these problems
will serve as a useful guide to the student in preparing for this important
examination.

Units

Both the International System of Units (SI) and the U.S. Customary Sys-
tem (USCS) are used in the examples and problems. Discussions of both
systems and a table of conversion factors are given in online Appendix A.
For problems involving numerical solutions, odd-numbered problems
are in USCS units and even-numbered problems are in SI units. This
convention makes it easy to know in advance which system of units is
being used in any particular problem. In addition, tables containing
properties of structural-steel shapes in both USCS and SI units may be
found in online Appendix E so that solution of beam analysis and design
examples and end-of-chapter problems can be carried out in either
USCS or SI units.

DIGITAL SUPPLEMENTS
Instructor Resources Web site

As noted above, an Instructor Solution Manual (ISM) is available to
registered instructors at the publisher’s web site. This web site also
includes a full set of PowerPoint slides containing all graphical
images in the text for use by instructors during lecture or review ses-
sions. Finally, to reduce the length of the printed book, Chapter 10 on
Review of Centroids and Moments of Inertia has also been moved to
the instructor web site, as have Appendices A-H (see listing below)
and the References and Historical Notes sections from the full seventh
edition text.
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Appendix A Systems of Units and Conversion Factors
A.l Systems of Units

A2 SI Units

A3 U.S. Customary Units

A4 Temperature Units

A5 Conversions Between Units
Appendix B Problem Solving

B.1 Types of Problems

B.2 Steps in Solving Problems

B.3 Dimensional Homogeneity
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B.5 Rounding of Numbers

Appendix C Mathematical Formulas

Appendix D Properties of Plane Areas

Appendix E Properties of Structural-Steel Shapes
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Free Student Companion Web site

A free student companion web site is available for student users of the
brief edition. The web site contains Chapter 10 on Review of Centroids
and Moments of Inertia, as well as Appendices A-H (see above) and the
References and Historical Notes sections from the full seventh edition
text. Lastly, solutions to all FE Exam type problems presented in the
appendix of this text are listed so the student can check not only answers
but also detailed solutions in preparation for the FE Exam.

CourseMate Premium Web site

CourseMate from Cengage Learning offers students book-specific inter-
active learning tools at and incredible value. Each CourseMate website
includes an e-book and interactive learning tools. To access additional
course materials (including CourseMate), please visit www.cengage-
brain.com. At the CengageBrain.com home page, search for the ISBN of
your title (from the back cover of your book) using the search box at the
top of the page. This will take you to the product page where these
resources can be found.

S. P. Timoshenko (1878-1972) and J. M. Gere (1925-2008)

Many readers of this book will recognize the name of Stephen
P. Timoshenko—probably the most famous name in the field of applied
mechanics. Timoshenko is generally recognized as the world’s most out-
standing pioneer in applied mechanics. He contributed many new ideas
and concepts and became famous for both his scholarship and his teaching.
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Through his numerous textbooks he made a profound change in the
teaching of mechanics not only in this country but wherever mechanics
is taught. Timoshenko was both teacher and mentor to James Gere and
provided the motivation for the first edition of this text, authored by
James M. Gere and published in 1972; the second and each subsequent
edition of this book were written by James Gere over the course of his
long and distinguished tenure as author, educator and researcher at Stan-
ford University. James Gere started as a doctoral student at Stanford in
1952 and retired from Stanford as a professor in 1988 having authored
this and eight other well known and respected text books on mechanics,
and structural and earthquake engineering. He remained active at Stan-
ford as Professor Emeritus until his death in January of 2008.

A brief biography of Timoshenko appears in the first reference in the
online References and Historical Notes section, and also in an August 2007
STRUCTURE magazine article entitled “Stephen P. Timoshenko: Father of
Engineering Mechanics in the U.S.” by Richard G. Weingardt, P.E. This
article provides an excellent historical perspective on this and the many
other engineering mechanics textbooks written by each of these authors.
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Symbols

area
area of flange; area of web

dimensions, distances

centroid, compressive force, constant of integration

distance from neutral axis to outer surface of a beam

diameter

diameter, dimension, distance

modulus of elasticity

reduced modulus of elasticity; tangent modulus of elasticity
eccentricity, dimension, distance, unit volume change (dilatation)
force

shear flow, shape factor for plastic bending, flexibility,
frequency (Hz)

torsional flexibility of a bar

modulus of elasticity in shear

acceleration of gravity

height, distance, horizontal force or reaction, horsepower
height, dimensions

moment of inertia (or second moment) of a plane area
moments of inertia with respect to x, y, and z axes
moments of inertia with respect to x; and y, axes (rotated axes)
product of inertia with respect to xy axes

product of inertia with respect to x,y, axes (rotated axes)
polar moment of inertia

principal moments of inertia

torsion constant

effective length factor for a column



~ N wu \ax e O

tp b,
u,.,u,

Vv

v

v, V", etc.
w

w

X, ¥,2

Xer Yoo Zc
X, )2

Br

yXy’ ‘sz7 YU

SYMBOLS

spring constant, stiffness, symbol for VP/EI

torsional stiffness of a bar

length, distance

effective length of a column

natural logarithm (base e); common logarithm (base 10)
bending moment, couple, mass

moment per unit length, mass per unit length

axial force

factor of safety, integer, revolutions per minute (rpm)
origin of coordinates

center of curvature

force, concentrated load, power

allowable load (or working load)

critical load for a column

pressure (force per unit area)

force, concentrated load, first moment of a plane area
intensity of distributed load (force per unit distance)
reaction, radius

radius, radius of gyration (r = VI/A)

section modulus of the cross section of a beam, shear center
distance, distance along a curve

tensile force, twisting couple or torque, temperature
thickness, time, intensity of torque (torque per unit distance)
thickness of flange; thickness of web

modulus of resistance; modulus of toughness

shear force, volume, vertical force or reaction
deflection of a beam, velocity

avldx, d*v]dx?, etc.

force, weight, work

load per unit of area (force per unit area)

rectangular axes (origin at point O)

rectangular axes (origin at centroid C)

coordinates of centroid

angle, coefficient of thermal expansion, nondimensional ratio
angle, nondimensional ratio, spring constant, stiffness
rotational stiffness of a spring

shear strain, weight density (weight per unit volume)
shear strains in xy, yz, and zx planes

Xvii
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yf‘l)’]

a,, 0y, T,

o
a«n’ i

0y, 0y, 03

Tallow

shear strain with respect to x,y, axes (rotated axes)
shear strain for inclined axes

deflection of a beam, displacement, elongation of a bar or spring
temperature differential

normal strain

normal strains in x, y, and z directions

normal strains in x, and y, directions (rotated axes)
normal strain for inclined axes

principal normal strains

lateral strain in uniaxial stress

thermal strain

yield strain

angle, angle of rotation of beam axis, rate of twist of a bar in torsion
(angle of twist per unit length)

angle to a principal plane or to a principal axis
angle to a plane of maximum shear stress
curvature (k = 1/p)

distance, curvature shortening

Poisson’s ratio

radius, radius of curvature (p = 1/k), radial distance in polar
coordinates, mass density (mass per unit volume)

normal stress

normal stresses on planes perpendicular to x, y, and z axes
normal stresses on planes perpendicular to x,y; axes (rotated axes)
normal stress on an inclined plane

principal normal stresses

allowable stress (or working stress)

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

residual stress

thermal stress

ultimate stress; yield stress

shear stress

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

shear stress on a plane perpendicular to the x, axis and acting parallel to
the y, axis (rotated axes)

shear stress on an inclined plane
allowable stress (or working stress) in shear
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SYMBOLS

ultimate stress in shear; yield stress in shear
angle, angle of twist of a bar in torsion

angle, angle of rotation

angular velocity, angular frequency (w = 27f)

*A star attached to a section number indicates a specialized or advanced topic.
One or more stars attached to a problem number indicate an increasing level of
difficulty in the solution.
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Greek Alphabet

Alpha
Beta
Gamma
Delta
Epsilon
Zeta
Eta
Theta
Tota
Kappa
Lambda
Mu

DX MOgHONm Z

E €&~V 9q9DYomvw

Nu

Xi
Omicron
Pi

Rho
Sigma
Tau
Upsilon
Phi

Chi

Psi
Omega

Xix
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