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PREFACE

Mechanics of materials is concerned with the internal forces and deformations
of objects that result from the external forces acting on them. This book appears
in a time of transition for education in the mechanics of materials. The tradi-
tional course in “strength of materials” that long formed an important part of
the engineering curriculum had as one of its primary goals acquainting students
with the details of many analytical and empirical solutions that could be applied
to structural design. This reliance on a catalog of results has lessened as the
finite element method has become commonly available for stress analysis. An-
other important development is that current research in mechanics of materials
is beginning to bring to reality the long-held dream of the merger of continuum
solid mechanics and materials science into a unified field. For these reasons,
the principle emphasis in the first course in mechanics of materials is becoming
oriented toward helping students understand the theoretical foundations, espe-
cially the concepts of stress and strain, the stress-strain relations including the
meaning of isotropy, and criteria for failure and fracture.

In Chapter 1 we provide an extensive review of statics, including problems,
that the instructor may choose to cover or simply have students read. In review-
ing distributed loads, we lay the groundwork for our definitions in Chapter 2
of the traction vector and the normal and shear stresses. In Chapter 2 we also
introduce the longitudinal and shear strains in terms of changes in infinitesimal
material elements. In Chapters 3 and 4 we cover bars subjected to axial and
torsional loads and introduce the definitions of the elastic and shear moduli.
With these examples as motivation, in Chapters S and 6 we introduce the gen-
eral states of stress and strain and their transformations and the stress-strain
relations for linearly elastic materials. In Chapters 7-10 we discuss stresses
in beams, deformations of beams, and the buckling of columns. We introduce
energy methods in Chapter 11. In Chapter 12 we discuss failure criteria for
general states of stress and introduce modern fracture mechanics, which we
believe should become an integral part of the first course in mechanics of
materials. .

Most of the topics in Chapters 1 through 10 and selected topics from
Chapters 11 and 12 can be covered in a typical one-semester course. An impor-
tant decision in teaching the mechanics of materials is whether to introduce the
general states of stress and strain before or after discussing applications. We
have chosen a compromise based on our teaching experience. Bars subjected
to axial load and torsion are first discussed to provide students with simple
examples of normal and shear stresses and extensional and shear strains. The
states of stress and strain are then discussed, followed by stresses in beams and
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PREFACE

beam deflections. Instructors preferring to introduce the general states of stress
and strain in the beginning should cover Chapters 1, 2, 5, and 6 before covering
Chapters 3 and 4.

The first course in mechanics of materials prepares students for subsequent
courses in structural analysis, structural dynamics, and advanced mechanics of
deformable media. In comparison to courses in statics and dynamics, it is an
interesting challenge for instructors and students. Engineering students begin
the study of statics and dynamics having had some prior experience with the
basic concepts in high school and college physics courses. In contrast, the core
concepts in mechanics of materials are new to most students. It is therefore
essential that the textbook used introduce and explain these concepts with great
care and reinforce them with many examples. This has been our objective in
writing this book. Our approach is to present the material as we do in the
classroom: emphasizing understanding of the basic principles of mechanics of
materials and demonstrating them with examples drawn from contemporary
engineering applications and design.

Features

* Examples That Teach We continue reinforcing the problem-solving skills
students have learned in their introductory mechanics courses. Separate
Strategy sections preceding most examples and selected problems teach
students how to approach and solve problems in engineering. What prin-
ciples apply? What must be determined, and in what order? Many examples
conclude with Discussion sections that indicate ways of checking and in-
terpreting answers, point out interesting features of the solution, or suggest
alternative methods of solution.

* Free-Body Diagrams Correct and consistent use of free-body diagrams is
the most essential skill that students of mechanics must acquire. We review
the steps involved in drawing free-body diagrams in Chapter | and emphasize
their use throughout the book. Many of our figures are designed to teach how
free-body diagrams are chosen and drawn:

(b)
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* Design The Accrediting Board for Engineering and Technology (ABET),
as well as many practicing engineers, strongly encourage the introduction of
design throughout the engineering curriculum. By expressing many of our
examples and problems in terms of engineering design, we demonstrate the
use of mechanics of materials within the larger context of engineering prac-
tice. Design problems are designated by blue problem numbers. Chapters
3, 4, 5, and 8 contain sections explicitly addressing the design of particular
structural elements, and in Chapter 12 we discuss failure and fracture criteria
used in structural design.

Supplements

We have developed and are developing supplements to the book that will con-
tribute to students’ understanding as well as enable instructors to enrich their
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presentations:

+ Instructor’s Solution Manual with CD Prepared by Michael May of the
University of South Carolina—Aiken, this manual for the instructor contains
complete step-by-step solutions to all the problems. It includes the associated
art as well as essential free body diagrams. The accompanying CD contains
a selection of figures from the text in the form of PowerPoint slides as well
as Adobe Acrobat pdf files of all the figures.

» Mathcad Student CD The CD included with this text includes 15 Mathcad
worksheets designed for use with selected examples and problems at the
option of the instructor. The examples and problems are marked with an 1
indicating the applicable worksheet. The CD installs easily and contains
the Mathcad 8 engine to enable students to use the worksheets on their own
computers. Users with Matlab installed who prefer it as their equation solver

will be able to download Matlab scripts corresponding to the worksheets
from the website.

« Website The Bedford/Liechti website, http:/www.prenhall.com/bedford,
will serve as a further source of support for this book and is intended as
a resource for both professors and students. It will contain: Design Projects
These problems, created by Wallace Fowler of the University of Texas at
Austin, extend the design coverage in the book and provide additional appli-
cations of mechanics of materials to engineering design. Concept Animations
Animations will be created to further help illustrate concepts in mechanics
of materials. They will be available to view on-line as well as download
for class presentation. Matlab Scripts As described above, the website will
contain Matlab versions of the Mathcad worksheets on the student CD. Syl-
labus Builder The site will contain a free tool to help instructors create
and maintain personal course web pages. As described above, the website
will contain Matlab versions of the Mathcad worksheets on the student CD,
prepared by Douglas W. Hull.

Commitment to Students and Instructors

We have ensured the accuracy of this book to the best of our ability. We have
solved every example and problem in an effort to confirm that their answers
are correct and that they are of an appropriate level of difficulty. Suzanne
Mescan of Progressive Publishing Alternatives carefully checked the entire
manuscript. Any errors that remain are our responsibility. We welcome com-
munication from students and instructors concerning needed corrections or
improvements. Our address is Department of Aerospace, Engineering and En-
gineering Mechanics, University of Texas at Austin, Austin, Texas 78712 or
abedford @mail.utexas.edu.
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