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Preface

With the publication of the third edition, this book enters the third decade of
its existence—this time with a co-author who used the book, first as an under-
graduate student and then later for many years as a professor. The main thrust
has not changed from that of its predecessors. We have strived to make this
treatment careful and thorough without short changing or sneeking around
important but challenging fundamentals. We have presented the theory in a
mature manner that we have found for many years and for varied classes to be
within the reach of sophomores.* The goal has been to get to a point wherein
students know the theory well enough so as to solve problems from first prin-
ciples. That is, we have tried to avoid presenting in a weak matrix of discus-
sion, lists of procedures for solving various classes of problems and for which
strings of examples are presented in a way to encourage the mapping of
homework problems from the examples. In short, we have tried to avoid a
“black box” approach whose main thrust is on methodology. We have found
over the years that students will retain the material much better when learning
stems from fundamentals to applications directly with a minimum of rote
learning of recipes accompanied by excessive problem mapping. What is
worse, we believe that students that “plug and chug,” relying on the recipes
while cramming for exams, do not mature analytically in mechanics as they
should. Furthermore, we believe that well grounded theory in solids will give
the student a more meaningful experience and grasp in later mechanics-based
courses such as fluids, structures, machine design etc.

The steps we have taken in this edition to help foster problem solving
from first principles and to increase retention of basics are as follows:

1. At appropriate places, we have inserted “A Look Back” section that
reviews the material covered in Statics, Dynamics, and Physics for pur-
poses of continuity and to make for greater ease in dealing with new mate-
rial that depends on these earlier studies. These sections are short and to
the point.

*Later, more will be said about sophomore coverage as well as possible use of this book.
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2. There are a number of starred sections entitled “A Look Ahead” which
open-end the text toward future work that may interest the student. We
found that the more serious students will look at this material and at a later
in more advanced courses will come back to these sections for valuable
linkups with the solids courses. At the least, they will see that the theory
they are studying with some depth does continue on in later courses.

3. At the end of each chapter, there is a “Closure” that reminds the Student of
the contents of the chapter and sets the stage for the next chapter which
with an “Introduction” section picks up the subject thread.

Thus, with these three items, we are attempting to provide continuity
first between courses in the curriculum and also continuity between chapters
in the course. This is important since mechanics in a vertical subject and
solids is but one part of a very extensive discipline. That is another reason for
emphasizing the theory since it is the glue that binds the various aspects of
the subject. There is yet one more new item that we have included.

4. At the end of each chapter, there is a “Highlights” section. Here, we go
over the essence of the chapter without mathematical and developmental
details to give a physically meaningful discussion of key items. This read-
ing comes after the student has read relevant parts of the chapter for his/her
course, done the assigned homework, participated in classroom work, and
heard and participated in discussions in and out of the classroom. This pos-
sibility of an uncluttered but informed overview we find to be very valu-
able for the learning process.

We wish to emphasize that the developments and the examples are
firmly built around what we call the three pillars of solid mechanics, namely
equilibrium, constitutive laws, and compatibility.* Compatibility is care-
fully defined early in the book in terms of requiring the strain fields to be
properly related to single-valued and continuous displacement fields. We do
not use the second-order partial differential equations to satisfy compatibility
but instead use geometry and trigonometry to accomplish this goal. As an
example, for a truss we make sure at a joint that, when the pin is associated
with one of the members, its movement is compatible with the movement of
this pin when it is associated with any other member at the joint. That is, the
pin must end up at the same position, independent of which member it might
be associated with. Thus, in this way using geometry and trigonometry we
insure a single valued, continuous deformation of the truss. Those readers
that get into the energy formulations will see that compatibility plays an anal-
ogous and an equally important role as equilibrium. In energy formulations
we can use the vital strain-displacement relations developed early in the book
to form compatible strain fields. The three pillars are identified as they occur
in the energy material and are thus highlighted throughout the entire book.

*Notice from the cover that even the publisher is supporting “SOLID MECHANICS” with
three pillars—presumably the three mentioned above.




As is well known, there are two conventions in use for shear forces,
bending moments, etc. One is highly favored by civil engineers (called the
structural convention) and the other (called the stress convention) is used by a
significant number of mechanical and aerospace engineers as well as by some
applied mechanicians. We have introduced both conventions. However, at the
request of users of the earlier editions, we have gone over to the structural
convention in this text. Also, we have used the more standard notation, v, for
the deflection of the neutral surface.

Next, we have presented the second Castigliano theorem carefully via
the interesting Maxwell-Betti reciprocal theorem fairly early in the text and it
is used for trusses at its introduction. Later, it is used in the beam and torsion
chapters. In presenting this very useful theorem, we point out that it is the
third derived principle in the energy force methods and that there is an anal-
ogous set of principles called the energy displacement methods. The inter-
ested student is invited to examine these beautiful and powerful systems of
principles in chapter 18. Advanced work in solid mechanics will require a
thorough understanding of this material. We have found that this chapter,
although rigorous, is within the reach of competent sophomores should the
instructor desire to use it for extra credit or honors work.

To discourage excessive mapping, the homework problems are placed
at the end of the chapters. Two-thirds of the problems indicate in brackets the
latest section of the chapter for which knowledge is needed for a solution; the
last third is in random order. The instructors manual will give the instructor
the information as to what last section is needed for a solution of these ran-
dom problems. Also, the manual includes a three-level rating system of the
degree of difficulty to be expected for each problem. Finally, examples are
not adjusted to fit each on a single page nor are they delineated as a series of
steps. Instead generous explanations are made to elaborate how the theory
and the modeling have been applied without such artificial constraints of
space and form. In short, the examples are meant more to be read and studied
and less to be mapped.

It is the feeling of the authors that the student should be familiar with
the use of modern engineering computer-based tools. These include (but are
by no means limited to) such general purpose codes as Mathematica, Math-
CAD, and Maple. Such computer programs allow for both symbolic and
numeric manipulations of expressions. This can be very helpful for both the
derivation of equations as well as their solution. But perhaps most impor-
tantly, codes such as these permit the students to conveniently maintain certain
key parameters as variables within the solution equations. By subsequently
plotting the relationship between the variables, insight into the nature of the
solution is gained. In this way, the students can accelerate their development
of “engineering feel.” These problems are double-starred and are at the very
ends of the chapters. We have presented a series of problems throughout the
text using this philosophy. We have made the problems independent of any
particular software package. The focus is on the nature of the solution and the
interaction of the variables. We want to encourage the student to try these
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problems—they are often challenging and fun! To help foster and maintain
computer programming skills, a number of problems and/or projects are also
presented whereby the student is asked to write a program using high level
computer language such as FORTRAN or C.

Design is blended in throughout the text. We have not presented spe-
cialized formulas for this phase of the text. A number of regular problems and
particularly computer-based problems and projects are design oriented.

We continue to include a treatment of singularities. We do not use the
“disappearing brackets” approach. Instead, we use the step function, the delta
function and the doublet function. This approach takes more time to learn, but
once learned it can be used in important numerical methods such as the
boundary element method, not to speak of heat transfer, electromagnetic the-
ory, and many forms of continuum mechanics. Finally, we wish to point out
that our singularities stem from a legitimate area of mathematics called distri-
bution theory. We normally do not cover this material in our first course
except to explain the gains to be realized from its use. To our delight, we
have found that there are some students each year who learn the method on
their own in order to spare themselves of the excessive amount of arithmetic
for solving the deflection of beams problems.

Now a word about the chapter (19) on the introduction of finite ele-
ments. Our reviewers approved of its inclusion. However, our primary reason
for including it stems from the following experience. Many of our seniors do
design projects and use finite element codes for computing stresses. When
queried, we found they were working without the slightest understanding of
the finite element method and spending much time as a “black box™ partici-
pant. We believe it is not wise to have students working blindly with com-
puter software and so we continue to urge these students to study with our
help the introductory chapter on finite elements when they use software for
finite elements.

A quick inspection of the text will indicate that there is a fair amount of
what is considered “advanced” material for sophomores and that there is more
material than can be comfortably covered in a three-credit or even a four-
credit course. This is deliberate on the part.of the authors and we make no
apologies for this. We have found that students in our curricula come back to
this text in their later studies for linking up new material in solid mechanics
with expositions that are extrapolations of their earlier familiar work. As
examples, we have included treatments of three-dimensional stress and three-
dimensional strain, the six principles of energy methods, singularity functions,
a gentle introduction to second-order tensors, viscoelasticity and creep, com-
posite materials, and a direct way to determine the sign of shear stress in thin-
walled open members, Furthermore, we have endeavored to write this text to
be flexible in its possible uses. Thus, for a number of years an earlier edition of
this book was used as a second course at Binghamton when engineering was
an upper division program there and the students were transfers from commu-
nity colleges where they received the usual first course in solid mechanics.
Also, by deleting starred material; by carefully choosing topics in the text: and




by using problems in the lower levels of difficulty as specified in the instruc-
tors manual, the instructor can still present an excellent, rigorous course of
modest proportions should that be called for. The authors employ about 65
percent of the book in their respective schools in a first 3 credit hour course.

We have set for ourselves the goal of continuing the development of a
quality, time-tested text for sophomore or junior solids courses, and in addi-
tion to serve students for the remainder of his/her college work and even
beyond.

The following professors were reviewers of this edition of the book:

1. Professor Joseph M. Bracci, Dept. of Civil Engineering, Texas A&M
University ‘

2. Professor Makola M. Abdullah, Dept. of Civil Engineering, Florida A&M
University

3. Professor Eliot Fried, Dept. of Theoretical and Applied Mechanics, Uni-
versity of Illinois at Urbana-Champaign

4. Professor Michael D. Symans, Dept. of Civil and Environmental Engineer-
ing, Washington State University

We thank them for their efforts and their encouraging as well as useful
comments. Professor Symans, in addition to an overall review mentioned
above, gave us an in-depth line by line critique of the book including rewrites
of selected short but important portions of examples and text. We thank him
profusely. Professor Shahid Ahmad, a most esteemed colleague of coauthor
Shames for many years, alternated teaching solid mechanics each semester
with him to large sophomore classes at Buffalo using earlier editions of this
book. His comments and ideas for using the book most effectively have found
their way into this edition. Most importantly, his support and enthusiasm for
the book is most gratefully received. Coauthor Pitarresi wishes to thank his
former instructor Professor Toby Richards at Buffalo for permitting him to
use a half-dozen of his excellent problems for this edition. And both coauthors
wish to thank their other respective colleagues at Buffalo and at Binghamton
for their continued support and approval of the contents and educational phi-
losophy of the book. Finally, Professor Shames would like to take the liberty
of extending his profound appreciation toward his new distinguished col-
leagues at The George Washington University for the welcome he has
received from them. They have encouraged him to play a significant role in
their academic program. And they have welcomed his continued writing
efforts while at the same time they have insisted on using his existing books
wherever possible.
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