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PREFACE

This book has been written for upper-division undergraduate students or
graduate students beginning to study experimental stress analysis. The material
has been divided into four separate parts:

Part 1. Elementary Elasticity, three chapters
Part 2. Brittle-Coating Methods, one chapter
Part 3. Strain-Measurement, six chapters
Part 4. Optical Methods, six chapters

Each part of the book is essentially independent so that the instructor can
be quite flexible in selection of the course content. For instance, a two- or three-
credit course on strain gages can be offered by using two chapters of Part 1 and
all of Part 3. Parts 1 and 4 can be combined to provide a thorough three- or
four-credit course on photoelasticity and moiré. Selected chapters from all four
parts can be organized to introduce the broader field of experimental stress
analysis. A complete detailed treatment of the subject matter covered here
supplemented with laboratory exercises on brittle coatings, strain gages, photo-
elasticity, and moiré will require six- to eight-credit hours

The essential feature of the text is its completeness in introducing the entire
range of experimental methods to the student. A reasonably deep coverage is
presented of the theory necessary to understand experimental stress analysis and
of the four primary methods employed: brittle coatings, strain gages, photo-
elasticity, and moiré. While the primary emphasis is placed on the theory of
experimental stress analysis, the important experimental techniques associated
with each of the four major methods are covered in sufficient detail to permit
the student to begin laboratory work with a firm understanding of experimental
procedures. Many exercises designed to support and extend the treatment and to
show the application of the theory have been placed at the end of all of the
chapters.

Laboratory exercises have not been included, since the laboratory work will
depend so strongly on local conditions such as the equipment and supplies
available, the interests of the instructor and students, and the local industrial
problems of current interest. It is believed that the instructor is best qualified to
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specify the associated laboratory exercises on the basis of interest, equipment,
supplies, and time available for this important supplement to the course.

This second edition incorporates extensive revisions which reflect the
changes in experimental methods that have occurred in the past 13 years. With
brittle coatings, material covering the new nontoxic, nonflammable coatings has
been introduced. With electrical strain gages, the changes in the text indicate
the almost exclusive use of foil gages today, the marked improvements in
instrumentation associated with dynamic recording, and the new data acquisition
systems which are being employed to process the experimental data. The text, in
part, accounts for the very significant advances made in the past decade in
optical methods of experimental stress analysis. The basic chapter on properties
of light has been completely revised to account for the behavior of coherent light,
and the coverage on both moiré and birefringent coatings has been expanded to
a complete chapter on each method. In spite of these extensive revisions, space
limitations and publishing costs did prevail and it was necessary to delete
coverage of several important topics including statistics, holography, failure
theories, fracture mechanics, and nondestructive testing.

It is anticipated that the instructor will, in certain instances, treat these topics
by using his own lecture notes or recent papers published in the technical
journals. While the text is not in any sense a treatise, it does contain most of
the fundamental material necessary to present a complete and practical course
on the theory of experimental stress analysis.

The material presented here has been assembled by both authors over a
period of 25 years. Courses have been developed on Experimental Stress Analysis,
Photoelasticity, and Photomechanics at Illinois Institute of Technology, Cornell
University, Iowa State University, and the University of Maryland. The material
has been shown to be interesting and comprehensible by the students participat-
ing in these courses. The mathematics employed in the treatment can easily be
understood by senior undergraduates. Cartesian notation and/or vector notation
has been used to enhance understanding of the field equations. A great deal of
effort was devoted to the selection and preparation of the illustrations employed.
These illustrations complement the text and should aid appreciably in presenting
the material to the student.

The contribution of many hundreds of investigators working in the field of
experimental mechanics should be acknowledged. This book represents a sum-
mary of the state of the art in a field which is continually being advanced by
the combined efforts of many patient investigators. In particular, we should like
to thank Dr. A. J. Durelli, our mentor for many years. Also, we shouid
acknowledge excellent illustrations provided by M. M. Leven, D. Post, C. E.
Taylor, and the many suppliers of commercial equipment. Thanks are also due to
Professors Robert Mark of Princeton University, and C. W. Smith of Virginia
Polytechnic Institute and State University for their careful review of the
manuscript.

James W. Dally
William F. Riley
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