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PREFACE TO THE FIRST EDITION 

This book is intended for sophomore and junior students in engineering 
curricula. 

It may be trite to repeat that we are living in an era of "exploding tech­
nology," but for engineers this statement does perhaps bear repetition. 
In any event, it is this fact which has led the author to write this textbook. 
It is his conviction that the properly educated engineer and engineering 
scientist of the present and future must have a grasp of the fundamentals 
of engineering. 

If the modern engineering curriculum is to include ail of the groundwork 
knowledge in the many different fields that the well-prepared engineering 
student must know, then it will be impossible to cover, in the four-year 
engineering curriculum, the subject material which in the past was included 
in structural engineering. This broad field included strength of materials 
(or mechanics of materials), elementary structural analysis, and elementary 
structural design. 

How then are we to prepare the student for truly professional engineering 
practice in the present and future? 

It would seem that there is only one method that will fit within the 
framework of a four-year undergraduate curriculum, and this is ta present 
ail subjects from their truly fundamental points of view. We must go back 
to the origins of ail fields, re-exploring the assumptions, hypotheses and 
approximations that ultimately led to the development of the engineering 
forms of the various subjects. 

In the subject now called "strength of materials," going back to the 
origins means taking as our starting point the subject matter of the mathe­
matieal theory of elasticity. Otherwise stated, the presentation of material 
in this text is based on the assumption that the fountainhead, or essential 
source, of ail knowledge of structural theory and practice is the mathe­
mati cal theory of elasticity. 

The mathematical theory of elasticity may be called the parent, and the 
engineering elasticity (or strength of materials) the offspring, even though 
the latter developed at an earlier time than the former, because the mathe­
matical and scientific justification of the theories developed in the strength 
of materials is only to be found in the body and extensions of the mathe­
matieal theory of elasticity. The engineering elasticity is essentially an 
approximation or simplification of the more exact theory, sa that the 
practicing engineer could utilize the predictions and results of mathematical 
elasticity. Textbooks on strength of materials have presented the engi­
neering form of the mathematical theory of elasticity, but rarely, if ever, 
has the relationship between parent and offspring been made clear. Under­
standing the relationship would seem to he essential if the student is to have 
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viii PREFACE 

a good understanding of the coverage presented. To present the subject in 
such a manner and with such goals is what the present textbook attempts 
to do for the student 

Because this book is written for the beginning student of structural 
engineering, we start with an explanatory chapter in which the basic 
philosophy behind the writing of the book is outlined. The purposc of the 
book is stated clearly and, as additional background, a brief historical 
summary of the field is presented. This will further help to explain to the 
student the purpose and intent of the text. 

Tensor, the family name of the quantities of mathematical physics and, 
hence, of engineering, is a concept aH modern engineers should understand 
and be familiar with. The tensor is introduced most naturally in this book 
because straightforward matrix-tensor statements are especially adaptable 
to discussions of engineering elasticity. For this reason, matrix-tensor 
arguments are utilized wherever possible. A basic, elementary treatment of 
matrix-tensor theory, suitable for our purposes, is given in Chapter 2. 
In this chapter .lso the elements of finite difference c.lculus are dealt with, 
because this also is a valuable tool that engineers should be familiar \Vith 
and because elementary finite difference methods fit naturally into the 
framework of the coverage of the book. 

The equations of the linearized theory of elasticity are presented next, 
and then it is shown how the ordinary, simplified structures of everyday 
engineering usage are analyzed using outgrowths and simplified forms of the 
basic, more exact theories. It is clearly shown just what approximations 
and assumptions are introdueed in the basic theory of the engineering 
.nalysis - and it is shown why they are introduced. 

In the remaining chapters the analysis of the key structural units (the 
bar, beam, etc.) is presented, first in the more exact linearized theory of 
elasticity solutions, and then in the approximate engineerin~ solutions. 

Extensions of the engineering analysis (the shear-moment curve construc­
tion, conjugate beam method, etc.) are introduced, where applicable, to 
indicate the directions in which this field has advanced. 

Many problems dealing with the text material have been included, be­
cause an undergraduate engineering or science student can truly master his 
Bubject only when he can solve quantitative problems in connection with it. 

In summary, tben, the book bas been written because the author believes 
the student in engineering must have a training and background in the field 
covered by the text. It is also the author's sineere hope that practicing 
engineers in the fields of applied mechanics' and structural engineering will 
find the book worth while. 

S. F. BORG 
May 1961 
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PREF ACE TO THE SECOND EDITION 

The second edition follows the format of the first one. Severa! typographical 
errors have been corrected and severa! new tapies or extensions of the original 
material have been included in an Appendix following Chapter 13 at the end of 
the book. 

Overall however, the two fundamental premises have been adhered to, namely: 
1. In arder to attain a real understanding of the subject which we caU 

"strength of materials" or "mechanics of materials" one must go back to 
the beginnings of these fields - the linearized mathematical theory of 
elasticity. Hence the title of the book stressing the words engineering elas­
ticity. 

2. The field of engineering elasticity is a good one to utilize in introducing 
to the undergraduate engineering student the important and useful topic 
of tensofS. And for the engineer the matrix representation of the tensor 
is the easiest to visualize and to understand. Hence the use of the matrix­
tensor notation. 

The author wishes to express sincere thanks to his publishers, World Scientific 
Publishing Co., for reprinting the text and for their continuai help and encourage· 
ment in seeing this task through to completion. 
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S. F. BORG 

March 3, 1990 
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