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PREFACE
TO THE THIRD EDITION

The objective of Mechanical Metallurgy continues to be the presentation of the
entire scope of mechanical metallurgy in a single comprehensive volume. Thus,
the book starts with a continuum description of stress and strain, extends this
background to the defect mechanisms of flow and fracture of metals, and then
considers the major mechanical property tests and the basic metalworking
processes. As before, the book is intended for the senior or first-year graduate-stu-
dent level. Emphasis is on basic phenomena and relationships in an engineering
context. Extensive references to the literature have been included to assist
students in digging deeper into most topics.

Since the second edition in 1976 extensive progress has been made in all
research areas of the mechanical metallurgy spectrum. Indeed, mechanical behav-
ior is the category of research under which the greatest number of papers are
published in Merallurgical Transactions. Since 1976 the field of fracture mechan-
ics has grown greatly in general acceptance. In recognition of this a separate
chapter on fracture mechanics has been added to the present edition, replacing a
chapter on mechanical behavior of polymeric materials. Other topics added for
the first time or greatly expanded in coverage are deformation maps, finite
element methods, environmentally assisted fracture, and creep-fatigue interaction.

As an aid to the student, numerous illustrative examples have been included
throughout the book. Answers have been provided to selected problems for the
student, and a solutions manual is available for instructors. In this third edition,
major emphasis is given to the use of SI units, as is common with most
engineering texts today.

1 would like to express my thanks for the many useful comments and
suggestions provided by Ronald Scattergood, North Carolina State University,
and Oleg Sherby, Stanford University, who reviewed this text during the course of
its development.
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Xiv  PREFACE TO THE THIRD EDITION

Acknowledgment is given to Professor Ronald Armstrong, University of
Maryland, for providing many stimulating problems, and Dr. A. Pattniak, Naval
Research Laboratory, for assistance in obtaining the fractographs. Special thanks
goes to Jean Beckmann for her painstaking efforts to create a perfect manuscript.

George E. Dieter

XVi



PREFACE
TO THE SECOND EDITION

In the 12 years since the first edition of Mechanical Metallurgy at least 25
textbooks dealing with major segments of the book have appeared in print. For
example, at least 10 books dealing with the mechanics of metalworking have been
published during this period. However, none of these books has dealt with the
entire scope of mechanical metallurgy, from an understanding of the continuum
description of stress and strain through crystalline and defect mechanisms of flow
and fracture, and on to a consideration of the major mechanical property tests
and the basic metalworking processes.

Important advances have been made in understanding the mechanical behav-
ior of solids in the period since the first edition. The dislocation theory of plastic
deformation has become well established, with excellent experimental verification
for most of the theory. These advances have led to a better understanding of the
strengthening mechanisms in solids. Developments such as fracture mechanics
have matured to a high level of technical sophistication and engineering useful-
ness. An important development during this period has been the “materials
science movement” in which crystalline solids, metals, ceramics, and polymers are
considered as a group whose properties are controlled by basic structural defects
common to all classes of crystalline solids.

In this revision of the book the emphasis is as before. The book is intended
for the senior or first-year graduate-student level. Extensive revisions have been
made to up-date material, to introduce new topics which have emerged as
important areas, and to clarify sections which have proven difficult for students to
understand. In some sections advanced material intended primarily for graduate
students has been set in smaller type. The problems have been extensively revised
and expanded, and a solutions manual has been prepared. Two new chapters, one
dealing with the mechanical properties of polymers and the other with the
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Xvi PREFACE TO THE SECOND EDITION

machining of metals, have been added, while the chapters of statistical methods
and residual stresses have been deleted. In total, more than one-half of the book
has been rewritten completely.

George E. Dieter
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PREFACE
TO THE FIRST EDITION

Mechanical metallurgy is the area of knowledge which deals with the behavior
and response of metals to applied forces. Since it is not a precisely defined area, it
will mean different things to different persons. To some it will mean mechanical
properties of metals or mechanical testing, others may consider the field restricted
to the plastic working and shaping of metals, while still others confine their
interests to the more theoretical aspects of the field, which merge with metal
physics and physical metallurgy. Still another group may consider that mechani-
cal metallurgy is closely allied with applied mathematics and applied mechanics.
-In writing this book an attempt has been made to cover, in some measure, this
great diversity of interests. The objective has been to include the entire scope of
mechanical metallurgy in one fairly comprehensive volume.

The book has been divided into four parts. Part One, Mechanical Fundamen-
tals, presents the mathematical framework for many of the chapters which follow.
The concepts of combined .stress and strain are reviewed and extended into three
dimensions. Detailed consideration of the theories of yielding and an introduction
to the concepts of plasticity are given. No attempt is made to carry the topics in
Part One to the degree of completion required for original problem solving.
Instead, the purpose is to acquaint metallurgically trained persons with the
mathematical language encountered in some areas of mechanical metallurgy. Part
Two, Metallurgical Fundamentals, deals with the structural aspects of plastic
deformation and fracture. Emphasis is on the atomistics of low and fracture and
the way in which metallurgical structure affects these processes. The concept of
the dislocation is introduced early in Part Two and is used throughout to provide
qualitative explanations for such phenomena as strain hardening, the yield point,
dispersed phase hardening, and fracture. A more mathematical treatment of the
properties of dislocations is given in a separate chapter. The topics covered in
Part Two stem from physical metallurgy. However, most topics are discussed in

Xix



Xviii PREFACE TO THE FIRST EDITION

greater detail and with a different emphasis than when they are first covered in
the usual undergraduate course in physical metallurgy. Certain topics that are
more physical metallurgy than mechanical metallurgy are included to provide
continuity and the necessary background for readers who have not studied
modern physical metallurgy.

Part Three, Applications to Materials Testing, deals with the engineering
aspects of the common testing techniques of mechanical failure of metals.
Chapters are devoted to the tension, torsion, hardness, fatigue, creep, and impact
tests. Others take up the important subjects of residual stresses and the statistical
analysis of mechanical-property data. In Part Three emphasis is placed on the
interpretation of the tests and on the effect of metallurgical variables on mechani-
cal behavior rather than on the procedures for conducting the tests. It is assumed
that the actual performance of these tests will be covered in a concurrent
laboratory course or in a separate course. Part Four, Plastic Forming of Metals,
deals with the common mechanical processes for producing useful metal shapes.
Little emphasis is given to the descriptive aspects of this subject, since this can
best be covered by plant trips and illustrated lectures. Instead, the main attention
is given to the mechanical and metallurgical factors which control each process
such as forging, rolling, extrusion, drawing, and sheet-metal forming.

This book is written for the senior or first-year graduate student in metal-
lurgical or mechanical engineering, as well as for practicing engineers in industry.
While most universities have instituted courses in mechanical metallurgy or
mechanical properties, there is a great diversity in the material covered and in the
background of the students taking these courses. Thus, for the present there can
be nothing like a standardized textbook on mechanical metallurgy. It is hoped
that the breadth and scope of this book will provide material for these somewhat
diverse requirements. It is further hoped that the existence of a comprehensive
treatment of the field of mechanical metallurgy will stimulate the development of
courses which cover the total subject.

Since this book is intended for college seniors, graduate students, and
practicing engineers, it is expected to become a part of their professional library.
Although there has been no attempt to make this book a handbook, some thought
has been given to providing abundant references to the literature on mechanical
metallurgy. Therefore, more references are included than is usual in the ordinary
textbook. References have been given to point out derivations or analyses beyond
the scope of the book, to provide the key to further information on controversial
or detailed points, and to emphasize important papers which are worthy of
further study. In addition, a bibliography of general references will be found at
the end of each chapter. A collection of problems is included at the end of the
volume. This is primarily for the use of the reader who is engaged in industry and
who desires some check on his comprehension of the material.

The task of writing this book has been mainly one of sifting and sorting facts
and information from the literature and the many excellent texts on specialized
aspects of this subject. To cover the breadth of material found in this book would
require parts of over 15 standard texts and countless review articles and individ-
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PREFACE TO THE FIRST EDITION  Xix

ual contributions. A conscientious effort has been made throughout to give credit
to original sources. For the occasional oversights that may have developed during
the “boiling-down process” the author offers his apologies. He is indebted to
many authors and publishers who consented to the reproduction of illustrations.
Credit is given in the captions of the illustrations.

Finally, the author wishes to acknowledge the many friends who advised him
in his work. Special mention should be given to Professor A. W. Grosvenor,
Drexel Institute of Technology, Dr. G. T. Horne, Carnegie Institute of Technol-
ogy, Drs. T. C. Chilton, J. H. Faupel, W. L. Phillips, W. 1. Pollock, and J. T.
Ransom of the du Pont Company, and Dr. A. S. Nemy of the Thompson-Ramo-
Wooldridge Corp.

George E. Dieter
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LIST OF SYMBOLS

A area; amplitude
a linear distance; crack length
a, interatomic spacing
B constant; specimen thickness
b width or breadth
b Burgers vector of a dislocation
C generalized constant; specific heat
C,; elastic coefficients
¢ length of Griffith crack
D diameter, grain diameter
E modulus of elasticity for axial loading (Young’s modulus)
e conventional, or engineering, linear strain
exp base of natural logarithms (= 2.718)
F force per unit length on a dislocation line
G modulus of elasticity in shear (modulus of rigidity)
@ crack-extension force
H activation energy
h distance, usually in thickness direction
(h, k, I) Miller indices of a crystallographic plane
I moment of inertia
J invariant of the stress deviator; polar moment of inertia
K strength coefficient
K, fatigue-notch factor
K, theoretical stress-concentration factor
K, fracture toughness
k yield stress in pure shear
L length

XXiii



xxii LIST OF SYMBOLS

I, m, n direction cosines of normal to a plane
In natural logarithm
log logarithm to base 10
Mg bending moment
torsional moment, torque
strain-rate sensitivity
number of cycles of stress or vibration
strain-hardening exponent
generalized constant in exponential term
load or external force
activation energy
pressure
reduction in area; plastic-constraint factor; notch sensitivity index in
fatigue
radius of curvature; stress ratio in fatigue; gas constant
radial distance
total stress on a plane before resolution into normal and shear compo-
nents
S, . elastic compliance
s engineering stress
T temperature
T,, melting point
t time; thickness
t, time for rupture
U elastic strain energy
U, elastic strain energy per unit volume
u, v, w components of displacement in x, y, and z directions
fuvw] Miller indices for a crystallographic direction
V volume
v velocity
W work
Z Zener-Hollomon parameter
a linear coefficient of thermal expansion; phase angle
¢ generalized angles
I" line tension of a dislocation
Y
A
8

Q'Q(Q"U=\=2§§

Ny X

shear strain

volume strain or cubical dilatation; finite change

deformation or elongation; deflection; logarithmic decrement;
Kronecker delta

general symbol for strain; natural or true strain

significant, or effective, true strain

true-strain rate

Mme i M
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