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PREFACE

MY MAIN concern in writing this book has been to communicate
to students of engineering the important and useful ideas of the
Theory of Plasticity. Certain features of the theory—which has
by now reached its maturity—are particularly appropriate to the
crucial activity of engineering design, and I have tried wherever
possible to bring out the “lessons’ afforded by the theory as well
as to present the “facts”.

The book is aimed primarily at engineering students who are
already familiar with elementary mechanics, ‘“strength of mater-
ials” and ““theory of structures”—including perhaps a treatment
of plastic collapse of beams—and who are mainly interested in
becoming design engineers. An appreciation of stress as being
rather more than “tension =~ area” is absolutely essential to any
respectable treatment of the theory of plasticity, and I assume
that the reader will be thoroughly familiar with the theory and
application of the Mohr circle of stress. For the sake of ease of
reference, and to explain an unusual sign convention, a brief
description of the theory is given as Appendix I. The other Ap-
pendices describe important ideas referred to in the text, with
which the student may or may not be familiar, and also a note on
units, etc. They are intended to be self-contained.

Experience shows that the solving of numerous problems is an
important aspect of success in the study of a technical subject.
At many points in the text, therefore, I have left proof or verifica-
tion of simple points to the reader, and I hope that students will
work through the corresponding problems whenever they reach
them in the text.

The answers to some of the problems are best presented
graphically, and I have occasionally suggested that the best place

X1



Xil PREFACE

to draw the curves is on existing figures in the text. This has the
merit of making appropriate comparisons particularly easy.

In some instances back-reference is made in the text to the solu-
tion of problems in a previous chapter. The student may therefore
find it helpful to keep his problem-work in some sort of order.

In addition to the *“‘text problems” I have provided others, some
of which are “open-ended”. They range widely in scope, length
and difficulty, and the ones which are most demanding are marked
with the symbol t.

For the sake of completeness I have included material which I
do not expect the average student to take too seriously, particu-
larly at first reading. No great harm will be done, I think, by
skipping lightly through the proofs of the theorems in Chapter IV,
provided the statements and examples of their application are
given due attention, or by ignoring altogether the rather specialist
topic of slip-line fields in Chapter VIII, or by ignoring the parts
of Chapter X concerning axisymmetric flow.

Readers who are familiar with other textbooks on Plasticity
will notice that I have avoided wherever possible the use of
notation more general than necessary for the immediate purposes,
and that I show a marked bias towards the Tresca yield condition,
which is in fact not normally so realistic as the Mises condition.
I have also attempted to keep the mathematical aspects of the
treatment as simple as possible so as not to discourage, I hope,
those students who are relatively unsophisticated mathematically
but who have considerable intellectual and imaginative powers
and later become excellent engineers. I have tried, nevertheless, to
bring out at every stage the main general features of the theory
and I hope that the method of presentation will not prove an em-
barrassment to students who later graduate from this introductory
volume to the more complete and rigorous textbooks.

Readers of this sort may think my nomenclature a little curious
also. For example, I do not use the terms “limit theorems” or
“limit analysis™ in reference to the important upper- and lower-
bound theorems and their manifold application. This is because 1
regard it as rather unimportant for the purposes of this book to
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discuss plastic collapse as the limiting state of elastic-plastic be-
haviour. Instead I give some suggestive examples and point out—
repeatedly—the necessity for scrutiny of the idealisations which
must be made, whether consciously or unconsciously, in the de-
velopment of any theory. I also use the terms ““theory of plasticity”
and “plastic theory” indifferently.

I have not followed the conventional practice of citing detailed
references to the literature. It is plain, I trust, that most of the
facts and ideas I present are attributable to others, and I leave it
to those who become sufficiently interested to consult any of the
works cited in the Bibliography to trace the work back to its
sources. The book possesses, nevertheless, some novel features,
mainly as a consequence of the systematic application of the lower-
and upper-bound theorems. For these I accept full responsibility.

There is little emphasis in the book on matters of compu-
tation, and in particular there are no listings of computer
programs. The reason is that the book is concerned primarily
with the development and application of fundamental ideas in
plasticity such as the upper- and lower-bound theorems. These
ideas afford a freedom to the engineer in thinking about
structural design which cannot be conveyed by a set of standard
computer routines. :

The mechanical properties of specific materials are quoted in
SI units (e.g. Fig. 2.23). Conversion factors for stress, etc. to
Imperial units are given in Appendix VI.

The present edition has the same text as the earlier edition
(Engineering Plasticity, Pergamon Press, Oxford) apart from
corrections to the text, a few minor changes and an up-dated
Bibliography.

Jacques Heyman, Bernard Neal and Andrew Palmer made
many valuable suggestions for improvement of the original
manuscript. I am indebted to Jim Greenwood and David
Durban for some improvements in this edition.

Finally, I thank John Munro the Series Editor and Ellis
Horwood the Publisher for their help with the present edition.
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Palmer, Dr. J. Heyman and Professor B. G. Neal, who read the
manuscript and made many valuable suggestions for its improve-
ment; and to Miss H. Gunns, who typed the manuscript, and Miss
P. A. Charter, who traced the illustrations.



CHAPTER 1

INTRODUCTION

THis chapter is intended to provide an engineering background for
the theory of plasticity. It consists of a set of short essays which
together define the scope of the subject and some of its aims. Part
of the chapter is devoted to a brief discourse on the nature of
theories in general, and the way in which engineers, by focusing
attention on this area (which is, unfortunately, often regarded as a
somewhat murky region) can clarify their thinking about the
processes of design. ’

1.1. Metals and Structural Engineering

The widespread use of metals in structural engineering is largely
due to their combination of properties of strength, weldability and
ductility.

Strength is obviously desirable in making structures which must
withstand severe loading conditions.

Weldability is an obvious attraction from the construction point
of view, because it is a means to the effective joining together of
components into ‘“‘continuous’ structures.

The word ductility describes in general the ability of a bar to be
“drawn” into a longer, thinner bar, usually with the aid of a die.
The word also has a special well-defined quantitative technical
meaning, but throughout this book we shall use it in its original,
general, sense, as a convenient abbreviation for “ability to undergo
plastic deformation”. The adjective “plastic” simply describes the
idea of moulding a shape, as a potter might mould a jug from a
lump of clay. This analogy is not at all inappropriate, because

1



2 PLASTICITY FOR ENGINEERS

dimensional changes of tenfold can easily be obtained with a
ductile metal, by compression or shearing, for example.

Many metals also possess the very useful property of elasticity or
resilience if they are only deformed a small amount, typically less
than 1 per cent. In this book we shall primarily be concerned with
deformation in the plastic range, although we shall devote some
attention to situations where it is not clear whether elastic or
plastic behaviour is more significant.

An important element of the analogy between plastic deforma-
tion of metals and the behaviour of potter’s clay is that the
moulding takes place quickly and permanently. It is obviously
desirable that a jug, once formed, should not “sag™ before it is
baked, and the potter therefore makes sure that the clay is mixed
with the right amount of water so that it can be moulded by
sufficient pressure and yet will not deform appreciably under its
own weight in the time which elapses before it hardens. The
plastic deformation of metals at room temperature has both of
these characteristics; for example, a piece of mild-steel rod or strip
at room temperature may be bent into an angle practically in-
stantaneously, and it will retain the same shape indefinitely. In
technical language we say that this sort of deformation is time-
independent.

This use of the word “plastic”” as an adjective should not be
confused with its use as a noun to describe a large class of non-
metallic materials, “plastics”’—so-called because they are mould-
able under certain chemical and environmental conditions. True,
there are some obvious similarities of mechanical behaviour be-
tween metals and plastics, but there is an important difference in
that the deformation of “plastics” is generally time-dependent.
Thus, a nylon thread will “creep” over a period of time if it
sustains a constant pull, and then gradually ‘“recover” over a
period of time if it is later unloaded. This is @ marked contrast
with the plastic behaviour of metals at room temperature and,
indeed, at higher temperature. This kind of time-dependent be-
haviour, although increasingly important in the design of struc-
tures made of plastics, is beyond the scope of this book.



