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PREFACE

APPROACH

When dealing with a design or redesign problem the design engineer knows that the
design must (1) function according to some prescribed requirements and (2) have an
acceptable level of structural integrity. Stress analysis is that part of the design
process which strives to ensure that each element of a given system will not fail to
meet the structural requirements of the design throughout the specified life of the
system. Stress analysis tools range from the countless theoretical techniques em-
ployed in elementary and advanced mechanics of materials and the mathematical
theory of elasticity, to computer-based numerical procedures such as the finite ele-
ment method and to the wide variety of available experimental techniques. Whole
industries exist which are exclusively devoted to supplying experimental or numeri-
cal materials to the stress analysis community. This book was originally devoted to
expand the theoretical, experimental, and numerical background of the reader be-
yond that covered in a first course in elementary mechanics of materials. This edi-
tion continues to adhere to this purpose where the author has attempted to improve
the presentation of the practical topics of the first edition while infusing important
additional subject matter and procedures.

Practical stress analysis problems range from problems which closely resemble
simple models which have known closed-form solutions to complex problems
which are not easily adaptable to the various classical techniques. For the complex
problem, the analyst must either obtain an approximation from a theoretical analy-
sis, seck a numerical solution, perform an experimental analysis, or carry out a
combination of these approaches. In order to be versatile, the analyst should have a
good working knowledge of the theoretical, numerical, and experimental proce-
dures employed in the field of stress analysis. No single book could ever completely
cover this wide range of concepts. However, this book covers the fundamental as-
pects of each area with a sufficient amount of depth at the mathematical level of a
junior undergraduate to first-year graduate engineering student. References are

cited throughout the book where, if desired, the reader can obtain additional infor-
mation in a specific area. :

CONTENTS
Although it is assumed that the reader has completed a first course in elementary
mechanics of materials, it cannot be assumed that the reader is comfortable explor-

ing a more advanced book straightaway. The object of an advanced book is to build
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PREFACE

upon elementary concepts and processes that have been mastered. Many of the sub-
jects in Chapters One and Three should be a review for the reader. However, many
of the examples and problems in these chapters are designed to test the mastery of
the subject material.

Chapter One provides the basic definitions and relationships between the fun-
damental state properties of force, stress, strain and displacement. Chapter Two ex-
tends the basic concepts by presenting the various three-dimensional stress and
strain relationships which include transformations, equilibrium, and compatibility.
Chapters Four and Five extend the elementary theoretical processes of Chapter
Three to techniques from the mathematical theory of elasticity and advanced
mechanics of materials, respectively. Topics in Chapter Five include single- and
multiple-celled thin-walled tubes in torsion, bending of unsymmetrical beams,
shear center, composite beams, curved beams, plates, thick-walled cylinders, con-
tact stress, and stress concentrations. Chapter Six provides a very extensive presen-
tation of energy methods pertaining to deflection analysis. Chapter Seven is devoted
to strength theories and design methods which include the concept of strength; the
design factor and uncertainty; strength theories for ductile and brittle materials; in-
troductions to fracture mechanics, fatigue analysis, structural stability, and inelastic
behavior; and engineering approximations used in statically indeterminate prob-
lems. Chapter Eight is devoted to experimental stress analysis which includes di-
mensional analysis, analysis techniques, strain gages and instrumentation, and
transmission and reflection photoelastic techiniques. Finally, Chapters Nine and
Ten provide an introduction to the numerical finite method and finite element mod-
eling techniques used in practice.

The author has attempted to present a modern and concise development of the
fundamental areas of stress analysis using consistent notation with well-defined co-
ordinate systems. In addition, an ample and comprehensive collection of examples
and exercise problems, equally in SI and U.S. customary units, are included.

NEW 1O THi1s EDITION

Two changes in the sequence of material from that of the first edition have been in-
corporated in this edition. Based on reviewer input, (1) three-dimensional transfor-
mations, equilibrium equations, and compatibility were moved to the beginning of
the book (Chapter Two) as a part of the fundamental subject material, and (2) the
concepts from the theory of elasticity were also moved forward (Chapter Four) to
provide an earlier insight to the more mathematical approach of the concepts and to
provide some results which can be used with some of the topics of advanced me-
chanics of materials in Chapter Five. If using this book at the junior undergraduate
level, the instructor may wish to postpone or selectively organize the coverage of
the more mathematical rigor of the material provided in Chapters Two and Four.



PREFACE

The significant changes incorporated in this edition include

* A rearrangement of all the basic concepts including three-dimensional consid-
erations to the beginning of the text in Chapters One and Two.

* A significant elevation in the degree of difficulty of some of the examples and
problems in the review of clementary mechanics of materials covered in
Chapter Three. The intent is to test the mastery of the prerequisite material.

*  Addition of several classical problems in the theory of elasticity using the Airy
stress function in polar coordinates (Chapter Four).

* Included in the significant changes in Chapter Five, Topics from Advanced
Strength of Materials, are the additional topics: torsion of multiple cell thin-
walled tubes, shear center for open unsymmetric and closed thin-walled beams,
approximate and numerical calculation of the offset of the centroidal and neu-
tral axes of curved beams, and contact stresses between curved surfaces. The
section on the bending of unsymmetrical beams has been significantly clarified
and expanded and the section on the bending of thin flat plates completely
rewritten presenting many cases of rectangular and annular plates.

*  Chapter Seven, Strength Theories and Design Methods, includes new sections
on fracture mechanics and structural stability.

*  Chapter Nine, Introduction to the Finite Element Method, has been completely
rewritten with improved notation and additional topics such as the Rayleigh-
Ritz formulation, the assembly partitioning process, skew supports, two- and
three-dimensional transformations, distributed and thermal loading, hinges, the
frame element in two- and three-dimensional space, load-stiffening and buck-
ling of beams, and the two-dimensional isoparametric quadrilateral element.

¢ Chapter Ten, Finite Element Modeling Techniques, is a new chapter which pro-
vides insight into the application of commercial finite element software to sta-
tic structural problems. Commercial finite element software has become quite
commonplace in the engineering environment, yet there is very little literature,
notwithstanding manufacturer’s literature, which discloses actual modeling
practices. Topics include: the planning and creation of the finite element model
(preprocessing), element selection and mesh strategy, load application, con-
straints, preprocessing checks, processing, and postprocessing.

*  Asignificant increase in the number of problems are included at the end of each
chapter. In addition to the standard closed-form solutions, computer-oriented
problems are also provided at the end of the problem sections of most chapters.

SUPPLEMENT

An Instructor’s Solutions Manual is available to adopters. It contains detailed solutions
to all the end-of-chapter problems except most of the open-ended computer problems.
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area, area of cross section, light-wave vector amplitude, analyzer filter axis
area bounded by perimeter centerline of a thin-walled tube

dimension, crack width, varying amplitude of a light-wave vector
dimension, beam width

equivalent width of a composite beam section

material calibration constant for transmission photoelasticity

correction factor for photoelastic coatings

distance from the neutral axis to an outer beam fiber, speed of light, strain
pulse speed

flexural rigidity of a thin plate, diameter

diameter

directional numbers of a plane

modulus of elasticity, voltage

modulus of elasticity scale factor

eccentricity, distance from the centroidal axis to the neutral axis of a curved
beam

concentrated force

force scale factor

equivalent concentrated force

body forces per unit volume

material calibration constant for photoelastic coatings, finite element nodal
force, coefficient of friction

strength uncertainty factor

stress uncertainty factor

shear modulus, Griffith energy release rate

gravitational constant

dimension, depth of beam

depth of plastic region

second-area moments (area moments of inertia) of a cross section
principal second-area moments (area moments of inertia) of a cross section
stress invariants

unit vectors in the x, y, z directions respectively

polar second-area moment (polar moment of inertia) of a cross section

equivalent polar second-area moment (polar moment of inertia) of a cross
section

column support factor

fatigue stress concentration factor

stress intensity factor

critical stress intensity factor

static siress concentration factor, strain gage transverse sensitivity factor
spring constant, form correction factor for shear, stress optic coefficient
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L length

L length scale factor

Lmn directional cosines

Iy strain gage length

L strain pulse length

M applied or reaction concentrated bending moment (couple)

M moment scale factor

M, limit (plastic) moment

M., M, plate bending moments per unit length in polar coordinates

M, M, M plate bending and twisting moments per unit length in rectangular
coordinates

My yield moment

M, M, net intemal bending moments about axes parallel to the y and z axes
respectively

n mass, margin of safety

m,n axes of the principal second-area moments

N normal force, number of cycles, photoelastic isochromatic fringe order,
shape functions

Ny photoelastic isochromatic fringe order at an angle of incidence 8

n design factor, index of refraction, angular speed (rpm)

ny, ny, n, directional cosines

P concentrated force, polarizer filter axis

) pressure scale factor

P, critical buckling load

P, limit force .

P pressure, press-fit interference pressure

Q first-area moment of a partial area of a beam section

q shear force per unit length, distributed load intensity, notch sensitivity
factor

R reaction force, radius, crack resistance force, electrical resistance

R, strain gage nominal resistance

r radius

56,z cylindrical coordinates

r. the distance from the center of curvature to the centroidal axis of a curved
beam

T, radius of gyration

7, the distance from the center of curvature to the neutral axis of a curved
beam

r} plastic zone radius

S elastic section modulus

A} perimeter length of the centerline of a closed thin-walled tube

S, strain gage axial sensitivity

Se endurance strength

Sr fatigue strength

S, strain gage factor

S, strain gage transverse sensitivity

Sy yield strength

Sy ultimate strength

position, curvilinear coordinate
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beam shape factor

torsional moment (couple), temperature

thickness, time

pulse time

directional cosines of the net shear stress on an isolated surface
strain energy

strain energy per unit volume

displacements in the x, y, z directions respectively
displacements in the 7, 8, z directions respectively

net internal shear force, input voltage

plate shear force per unit length in polar coordinates

plate shear forces per unit length in rectangular coordinates
beam shear forces in rectangular coordinates

displacement of beam centroidal axis

weight, work

complementary work

work potential

force per unit length, work per unit volume, width, weighting factor
rectangular coordinates

inelastic section modulus

angle, coefficient of thermal expansion, angular location of the neutral
plane for unsymmetrical bending relative to the m axis

angle, angular location of the neutral plane for unsymmetrical bending
relative to the y axis

change, shift in phase of light waves

deflection, press-fit radial interference

deflection scale factor

Kronecker delta

normal strain

strain scale factor

axial strain

transverse strain

shear strain, weight density, temperature coefficient of resistivity
angular deflection

angle, angular deflection

angular deflection per unit length

wavelength, Lame constant

Lame constant

Poisson’s ratio

natural coordinates

potential energy

radius of curvature, mass density, resistivity

Neuber constant

normal stress

alternating and mean stresses in fatigue applications

stress scale factor

principal stresses
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Ter
Oum

Mathematical
V2

J]

m

critical buckling stress

equivalent von Mises stress

shear stress

equivalent Tresca shear stress

Airy stress function, complementary strain energy
Prandtl’s stress function

angle, helix angle of twist

angular speed (rad/s)

Laplacian operator
Jacobian matrix
Transformation matrix
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