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Preface

This second edition of “Theory of Structures,” like the first, is intended
primarily as a textbook for undergraduate and first-year graduate courses in
structural analysis for civil engineers. To serve this purpose, every effort
has been made to maintain a close connection between the methods thar are
developed for the analysis of various types of structures and the fundamental
principles of mechanics on which they are based. 1t is only through a sound
understanding of these principles that the engineer can successfully adapt his
methods of analysis to the ever-changing problems that will confront him in
this modemn era.

The book may be roughly divided into two parts: the first part dealing
with statically determinate structures, and the second part dealing with sta-
tically indeterminate structures. On this plan, the first four chapters deal
successively with a review of statics (primarily graphic statcs), stancally
determinate plane trusses, influence lines for beams and trusses, and statically
determinate space trusses. Following this, Chapters 5 and 6 treat the funda-
mental theorems relating to elastic systems and their applications to the cal-
culation of deflections of beams and rrusses.  In rumn, there are chapters dealing
with the analysis of statically indeterminate trusses, arches, and frames.
The final chapters are devoted to an introduction to matrix methods in struc-
tural analysis, the analysis of stiffened suspension bridges, and an introduction
to the dynamics of structures.

The first seven chapters in this second edition of “Theory of Structures™
remain essentially the same as in the first edition. Chapters 8 and 9, dealing
with arches and frames, have been completely rewritten. The present treat-
ment of arches has been simplified by basing it on the theorem of least work
and using the concept of elastic center. Several articles on the analysis of
portal-type frames, using the elastic-center concept, have also been added.
In rewriting the chapter on the uses of slope-deflection equations in the analysis
of continuous beams and frames, we have extended the treatment to include
systems with nonprismatic members and have included many examples of

this kind.
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xiv PREFACE

Since the first appearance of this book (1945), two new aspects of structural
analysis have become very important, namely, the use of matrix methods of
formulating problems and the analysis of structures under dynamic loading.
These are both very extensive subjects, and 2 number of complete books on
each are now available. Chapters 10 and 12 here are intended only as intro-
ductions to these topics, but we hope that they will encourage the reader to
continue his studies in these directions.

In the preparation of the first edition of this book, the senior author’s
Russian book “Theory of Structures” (Leningrad, 1926) was extensively
used. Acknowledgment is also due to Otto Mohr’s “Abhandlugen aus dem
Gebiete der technischen Mechanik” and to H. Miiller-Breslau’s “Die graph-
ische Statik der Baukonstruktionen.” The authors also wish to give special
thanks to Mr. P. Rabcevich of New York City for the use of a number of
examples and problems appearing in Chapters 8 and 9 and to Miss Rose
Maric Stampfel and Miss Martha Lee Young for their careful typing of the
new portions of the manuscript.

S. P. Tirnoshenko
D. H. Young
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Chapter 1

Elements of plane statics

11 CONCURRENT FORCES IN A PLANE

The theory of structures is based ro a large extent upon the principles of statics
with which the reader is assumed to be familiar. However, we shall review
here some parts of statics that are most useful in the analysis of engineering
structures. We begin with the principle of the parallelogram of forces as
follows: Two forces Py and Py, as represented by the vectors OA and OB in
Fig. 1.1a, are equivalent in action to a single resultant force R obtained as the
diagonal OC of the parallelogram formed on the given vectors as shown. The same
resultant force can be obrained also from the triangle of forces shown in Fig.
1.ts. This follows from the fact that the triangle ABC in Fig. 1.1b is identical
with the triangle OA4C in Fig. 1.1a.

If several forces in a plane act at a single point O (Fig. 1.24), they can always
be reduced to one resultant force which also acts through that point. This
resultant force can be found by successive applications of the parallelogtam of

1



