


R E - EIMS BT Bb B

# # A F

(FECHE - BB 5 M
Mechanics of Materials

)]. M. =R
(James M. Gere)

(%

o,

MU B T. ok AR 3



James M, Gere; Mechanics of Materials
(ISBN (-534-37133-7)

Original Editien Copyright @ 2001 by Breoks/Cole Publishing Company, a division of Thomson Learning, All rights re-
served.

Reprinted for People’ s Republic of China by Thomson Learning Asia and Ching Machine Press under the authonzation of
Thomson Learning.

No part of this book may be reproduced in any form without the express written permission of Thomson Learning Asia and

China Machine Press.
581 —243—4538—5

BRI e i T OIS ON g T i BRI, RS E BE A R
DU ADE ., EHRTRABHTHES,

ML, B,
KR WHRAUDEFENGRIZICS: EF. 01-2002-4191

BPZEERE (CIP) &

BR . EUM. F5 K/ (F) TR (Gere, . M)
% —dbE: U Tk &k, 2002

(AT - BAERAFHEMEE

I[SBN 7-111-11042-0

1. #- H. FJ-- [O. HEHE . TB30L
o E p A E A CIP ST (2002 3 077796 =

HLME T AR (ERmWEAEARSE 225 HERE 100037)
I, N REH HERT: K &
WEE . A

ARG REOBERLFADR - FERREILREEGTHES
20034E 1 HEE 1 AR - B 1 REDRI

787mm X 1092mm 1/16 » 59. 25 E1# « 24T - 1112 TF
Er: 58.00 7T

WA, mART, #R. R, AEHETEAR
A B B (010) 68993821, 88379646

8 B D bR 38 Py HE R



CONVERSIONS BETWEEN U.S. CUSTOMARY UNITS AND SI UNITS (Continued)

Times conversion factor

U.S. Customary unit Equals S1 unit
Accurate Practical

Moment of inertia (area}

inch to fourth power in4 416,231 416,000 millimeter to fourth

power mm?

inch to fourth power in4 0416231 X 1070 [ 0.416 X 1079 | meter 10 fourth power m? J
Moment of inertia (mass)

slug foot squared slug-ft2 1.35582 £.36 kilogram meter squared  kg-m?
Power

foot-pound per second ft-1b/s 1.35582 1.36 watt (J/s or N-m/s) w

foot-pound per minute ft-lb/min 0.0225970 0.0226 watt w

horsepower (350 ft-1b/s) hp 745.701 746 watt W
Pressure; stress

pound per square foot psf 47.8803 479 pascal {N/m?2) Pa

pound per square inch psi 6894.76 6890 pascal Pa

kip per square foot ksf 478803 479 kilopascal kPa

kip per square inch ksi 6.89476 6.89 megapascal MPa
Section modulus

inch to third power in.3 16,387.1 16,400 millimeter to third power mm>

inch to third power in3 163871 x 1076 164 %1079 | meter to third power m?
Yelocity (lincar)

foot per second ft/s 0.3048+ 0.305 meter per second m/s

inch per second in./s 0.0254% 0.0254 meter per second m/s

mile per hour mph 0.44704* 0.447 meter per second m/s

mile per hour mph 1.609344 * 1.61 kilometer per hour km/h
Volume

cubic foot ft3 0.0283168 0.0283 cubic meter m3

cubic inch in3 163871 x 1070 | 16.4x107% | cubic meter m3

cubic inch in3 16.3871 16.4 cubie centimeter (cc) em?

gallon (231 in. ) gal, 3.78541 3.79 liter L

gallon (231 in,3) gal, 0.00378541 0.00379 cubic meter m3

*An asterisk denotes an exact conversion factor
Note: To convert from SI units to USCS units, divide by the conversion factor

Temperature Conversion Formulas 7(°C)= —;—[T(“F] - 121=TK)- 27315

T(K) = -g-[T("F) — 32] + 273.15 = T(°C) + 273.15

TCF) =

¢

T(C) +32 = —g—T(K) — 450.67

|
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Preface

Mechanics of muterials is a basic engineering subject that must be
understood by anyone concerned with the strength and physical perfor-
mance of structutes, whether those structures are man-made or natural,
The subject matter includes such fundamental concepts as stresses and
strains, deformations and displacements, elasticity and inelasticity, strain
energy, and load-carrying capacity. These are the concepts that underlie
the design and analysis of a huge variety of mechanical and structura)
systemns,

At the college level, mechanics of materials is usually taught during
the sophomore and junior years. It is a required subject for most students
majorintg in mechanical, structural, civil, aeronautical, and aerospace
engineering. Furthermore, many students from such diverse fields as
materials science. industrial engineering, architecture, and agricultural
engineering also tind it worthwhile to study this subject.

About this Book

The main topics covered in this book are the analysis and design of
structural members subjected to temsion, compression, torsion, and
bending, including the fundamental concepts mentioned in the first para-
graph. Other topics of general interest are the transformations of stress
and strain, combined loadings, stress concentrations, deflections of
beams, and stability of celumns.

Specialized topics include thermal effects, dynamic loading, non-
prismatic members, beams of two materials, shear centers, pressure
vessels, and statically indeterminate beams. For completeness and occa-
sional reference, elementary topics such as shear forces, bending
moments, centroids, and moments of inertia also are presented.

Much more material than can be taught in a single course is
included in this taxt and, therefore, instructors have the opportunity to
sefect the topics they wish to cover. As a guide, some of the more
specialized topics are identified by asterisks.



Preface Xiii

This Fitth Edition of Mechanics of Materials has been thoroughly
edited to make it even more readable than before. Problems have been
revised and improved. and all of the figures have been carefully redrawn
for increased clarity and accuracy. As instructors of mechanics know,
the figures in @ book of this kind have an essential role in making the
subject matter understandable.

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 minor, please notify me by e-mail (jgere @ce.Stanford.edu) or write
to me in care of the publisher. {All correspondence will be answered.)

Examples

Numerous exanples are presented in order to iliustrate the theoretical
concepts and show how those concepts may be used in practical situa-
tions. The examples vary in length from one io four pages, depending
upon the comp exity of the material to be illustrated. When the emphasis
is on concepts, the examples are worked out in symbolic terms so as to
better iltustrate the ideas, and when the emphasis is on problem-solving,
the examples are numerical in character.

Problems

In any mechanics course, solving problems is an important part of the
learning process. This text offers more than 1,000 problems for home-
work assignments and classroom discussions. The problems ate placed
at the end of each chapter so that they are easy to find and don’t break
up the presentation of the subject matter. Also, an unusually difficult or
lengthy problem is indicated by attaching one or more stars (depending
upon the degiee of difficulty) to the problem number, thus alerting
students to the time necessary for solution. Answers to all problems are
listed near the back of the book.

Units

Both the International System of Units (S1) and the U.S. Customary
System (IJSCS) are used in the examples and problems. Discussions of
both systems and a table of conversion factors are given in Appendix A.
For probiems involving numerical solutions, odd-numbered problems
are in USCS units and even-numbered problems are in SI units. This
convention mskes it easy to know in advance which system of units is
being used in uny particular problem. (The only exceptions are problems
involving the (abulated properties of structurai-steel shapes, because the
tables for thesc shapes are presented only in USCS units.)

References and Historical Notes

References and historical notes appear immediately after the last chapter
in the book. They consist of original sources for the subject matter plus
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biographical notes ahout the pioneering scientists, engineers, and mathe-
maticians who created the subject of mechanics of materials. A separate
name index makes it easy (o look up any of these historical figures.

S.P. Timoshenko (1878-1972)

Many readers cf this book will recognize the name of Stephen P
Timoshenko—probably the most famous name in the field of mechan-
ics. Timoshenko appeared as co-author on earlier editions of this book
because the book began at his instigation. The first edition, published in
1972, was written by the present author at the suggestion of Professor
Timoshenko. Although Timoshenko did not participate in the actual
writing, he provided much of the book’s contents because the first edi-
tion was based heavily upon his two earlier books titled Srrength of
Materials. The second edition, a major revision of the first, was pub-
lished many years later {in 1984), and each subsequent edition (in 1990
and 1997} has incorporated many new changes and improvements.

Timoshenko is generally recognized as the most outstanding pioneer
in applied mechenics. He contributed many new ideas and concepts and
became famous for both his scholarship and his teaching. As a teacher
and lecturer, he was well-known for his ability to bring the subject mat-
ter of his classes to life. He wrote 13 major textbooks on both
elementary and advanced subjects in mechanics, and these books have
gone through many editions and been translated into a dozen languages.
Through these books he made a profound change in the teaching of
mechanics not only in this country but wherever mechanics is tanght.
His methodology was to start from a scientific and mathematical base
and then develop the subject in a logical and step-by-step manner. Con-
sequently, he raised the level of instruction and broadened our
understanding of applied mechanics. (You can find a brief biography of
Timoshenko in the first reference at the back of the book.)

Acknowledgments

To acknowledge everyone who contributed to this book in some manner
ts clearly impossible, but 1 owe a major debt to my former Stanford
teachers, including (besides Timoshenko) those other pioneers in
mechanics, Wilhelm Fliigge, James Norman Goodier, Miklés Hetényi,
Nicholas J. Hofi, and Donovan H. Young. I am also indebted to my
Stanford colleagues—especiatly Tom Kane, Anne Kiremidjian, Helmut
Krawinkler, Kincho Law, Peter Pinsky, Haresh Shah, Sheri Sheppard,
and the Iate Bill Weaver. They provided me with many hours of discus-
sions about mechanics and educational philosophy. My thanks also to
Wayne Hamilton of the University of Maine for his valuable insights
concerning Mechanics of Materials and its presentation.

The following reviewers provided both general and specific com-
menis for changes and improvements in the book: Fred K. Bogner,
University of Dayton; George R. Buchanan, Tennessee Technological
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University; Walter R. Carnes, Mississippi State University; Chih-Chen
Chang, Hong Kong University of Science and Technology: Mustafa
Isreb, University of Monash; Denis Montgomery, University of Wollon-
gong: and Richuard Sayles. University of Maine. My sincere thanks and
appreciation to cach of these very helpful reviewers,

I was assisied in manuscript preparation and proofreading by Duc
Wong, who warked with great care and accuracy. Many others helped
with proofreading and the preparation of solutiens for the problems.
They include Mark Audigier. Kymberiy Eliot, Mary Godfrey-Dickson,
Racquel Hagen. Jerome Lynch, Gabriela Medina, Ricardo Medina, and
Nuthaporn Nuttyasakul.

The editing and production aspects of the book were a source of
great pleasure und satistaction to me, because everyone I deali with on
the staff of the Brooks/Cole Publishing Company was extremely talented
and knowledgeable. Furthermore, their goal was the same as mine—to
produce the best possible book witheout stinting at any step of the way.
The people with whom [ had personal contact are Bill Stenquist,
Pubiisher, who set the tone for excellence and provided both leadership
and inspiration, Suzanne Jeaus, Editor, who launched the book; Jamie
Sue Brooks, Editorial Production Supervisor, who made sure that every
phase of the work was handled to perfection; Jennifer Mackres, Art Edi-
tor, who handled the artwork with great skill; Vernon Boes, Art Director,
who created the attractive design of the covers; Ellen Brownstein, Editor-
ial Production Manager, who skillfully handled all phases of the work
during the early stages; Shelley Gesicki, Editorial Coordinator, who
monitored progress and kept us organized; and Rose Kernan of RPK Edi-
torial Services, who supervised with great skili every aspect of the
physical production of the book. To each of these individuals I express
my heartfelt thanks not only for a job well done but also for the friendly
and considerate way in which it was done,

Many other people who I did not meet personally also participated
in the development of this book—for instance, the talented artists at
Rolin Graphics, who prepared the figures and tolerated my nitpicking
over details; and the typesetters at Better Graphics, who meticulously
laid out every page of text. To each of these individuals, T also extend
my sincere thanks for a job well done.

Finally, I appreciate the patience and encouragement provided by
my family, especially my wife, Janice, throughout this project.

To all of these wonderful people, I am pleased to express my
gratitude.

James M. Gere
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Symbols

a'ed

area of flange; arca 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 bend:ng, flexibility, frequency (Hz)
torsional flexibility of a bar

modulus of elasticity in shear

acceleration of gravity

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

mormnent of inertia (or second moment) of a plane area
moments of inertia with respect to x, v, and 7 axes

moments of inertia with respect to x; and ¥, 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

stress-concentration factor, butk modulus of elasticity, effective length factor for a column

spring constant, stiffness, symbol for VF/EI
torsional stiffness of a bar
length, distance
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Symbols

effective length of a column

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

plastic moment for a beam,; yicld moment for a beam
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

plastic load for a structure

reduced-modulus load and tangent-modulus lgad for a column
yield load for a structure

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 (v = VIIA)

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

tensile force, twisting couple or torque, temperature
plastic torque; yield torque

thickness, time, intensity of torque (torque per unit distance)
thickness of flange; thickness of web

strain energy

strain-energy density (strain energy per unit volume)
moduluvs of resistance; modulus of toughness

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

dvidx, d*vidx?, etc.

farce, weight, work

load per unit of arca {force per unit area)

rectangular axes (origin at point O)

rectangular axes (origin at centroid C)

coordinates of centroid

plastic modulus of the cross section of a beain

Xvii



xviii Symbols

a angle, coefficient of thermal expansion, nondimensional ratio
B angle, nondimensional ratio, spring constant, stiffness
Br  rotational stiffness of a spring
v shear strain, weight density (weight per unit volume)
Yeyr Yoz Yex shear strains in xy. vz, and zx planes
Ve shear strain with respect to x,v, axes {rotated axes)
ve  shear strain for inclined axes
8  deflection of a beam, displacement, elongation of a bar or spring
AT temperature differential
8p, 8y  plastic displacement; yield displacement
€  normal sirain
€ €, €; normal strains in x, v, and z directions
&5 €, normal strains in x; and y, directions {rotuted axes)
€z  normal strain for inclined axes
€, &, € princtpal normal strains
€ lateral strain in uniaxial stress
er  thermal strain
€y  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 (x = 1/p)

distance, curvature shortening

Poisson's ratio

'Dt:b-‘?{«cb‘aqn

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

e normal stress
a,, @,, 0,  normal stresses on planes perpendicular to x, y, and z axes
Txyr Oy, normal stresses on planes perpendicular to xyy, axes (rotated axes)
oe  normal stress on an inclined plane
o, 0y, 03 principal normal stresses
Calow  2llowable stress (or working stress})
g,  critical stress for a column (o, = Fe /A)
g, proportional-limit stress
o,  residual stress
oy  thermal stress
oy, oy ultimate stress; vield stress
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Txys Ty Tax

Txiyv

Ty
Tallow

T Ty

Symbols

shear stress

shear stresses on planes perpendicular to the x, y, and z axes and acting parallel to the
¥, 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
ultimate stress in shear; yield stress in chear
angle, angle of twist of a bar in torsion

angle, angle of rotation

angular velocity, angular frequency («w = 27f)

* A star anached to a section number indicates a specialized or advancad topic.
One or more stars attached 10 a problem number indicate the level of difficulty

in the solution.

Greek Aiphabet

A a  Alpha N v Nu

B B Bet =) & Xi

r ¥ Gamma O 0 Omicron
A & Delta 11 s Pi

E € Epsilon P ¢ Rho

Z I Zeta pX o Sigma
H = Eta T r  Tau

(0] é Theta Y v Upsilon
I ¢ Tota ® & Phi

K «  Kappa X x  Chi

A A Lambda A4 W Pst

M x M 0 @  Omega

xix



PRINCIPAL UNITS USED IN MECHANICS

International System (SI)

U.S, Customary System (USCS)

Quantity
Unit Symbol | Formaula Unit Symbeol | Formula
Acceleration {angular) radian per second squared rad/s2 radian per second squared rad/sZ
Acceleration (linear} meter per second squared m/s? Eol per second squared ! fr/s2
Area square meter mZ square foot f2 ]
Density (mass) kilogram per cubic meter - kg)‘m3 slug per cubic foot s]ug;;’ft3
{Specific mass})
Density {(weight)} newton per cubic meter Ntm3 pound per cubic fool pef lb.-’ft-3
{Specific weight)
Energy; work joule N-m foot-pound N ft-1b
Force newlon N kg-m/sZ pound b | (base unit)
Force per unit length newton per meter _ Nim pound per foot Ib/ft o
(Intensity of force) o I
Frequency hertz ilr 571 hertz Hz TF—I
Length meter m (base unit) | foot ft (base unit)
Mass kilogram kg (base unit} | slug o Ib-s2/ft ]
Moment of a force; torque newron meter N-m pound-foot Ib-ft
Moment of inertia (area) | meter to fourth power m* inch to fourth power in
Moment of inertia (mass) | kilogram meler squared k,g-m2 slug foot squared Slug-ft2
Power watt ;N__ s foot-pound per second tt-1bfs
{(N-ms)
Pressure pascal Pa N/m?2 pound per square foot psf [b/ft®
Section modulus meter to third power m? inch to third power in.3
Stress pascal Pa N/m?2 pound per square inch psi 1b/in.2
Time second s {base unit) | second s {base unit)
Velocity (angular) radian per second rad/s radian per second rad/s
Velocity (linear) meler per second m/s foot per second fps ftfs
Yolume {liguids) liter L 1073 w3 galion gal. | 231 in.3
Yolume (solids) cubic meter m? cubic foot cf il




