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Preface

Fatigue of structures and materials covers a wide scope of different topics.
The purpose of the present book is to explain these topics, to indicate
how they can be analyzed, and how this can contribute to the designing
of fatigue resistant structures and to prevent structural fatigue problems in
service.

Chapter 1 gives a general survey of the topic with brief comments on
the significance of the aspects involved. This serves as a kind of a program
for the following chapters. The central issues in this book are predictions
of fatigue properties and designing against fatigue. These objectives cannot
be realized without a physical and mechanical understanding of all relevant
conditions. In Chapter 2 the book starts with basic concepts of what happens
in the material of a structure under cyclic loads. It illustrates the large
number of variables which can affect fatigue properties and it provides the
essential background knowledge for subsequent chapters. Different subjects
are presented in the following main parts:

• Basic chapters on fatigue properties and predictions (Chapters 2–8)
• Load spectra and fatigue under variable-amplitude loading (Chapters

9–11)
• Fatigue tests and scatter (Chapters 12 and 13)
• Special fatigue conditions (Chapters 14–17)
• Fatigue of joints and structures (Chapters 18–20)
• Fiber-metal laminates (Chapter 21)

Each chapter presents a discussion of a specific subject. The major aspects
are recapitulated in the last section of a chapter, not as a summary, but
just as the most important points to remember. In spite of a qualitatively
good understanding of the fatigue phenomenon in structural elements, the
quantitative accuracy of the prediction of fatigue properties can still be
limited. As a consequence, it is important that all relevant issues are well
recognized and understood. This was one of the major reasons for writing
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vi Preface

the present textbook. Knowledge of the fatigue mechanism in the material
and how it can be affected by a large variety of practical conditions is
of the utmost importance. The designer of a dynamically loaded structure
should “design against fatigue”. This approach includes not only the overall
concept of the structure with related safety and economic aspects, but also
questions on detail design, material surface quality, and joints. At the same
time, the designer should try to predict the fatigue performance of a structure,
fatigue limits, fatigue lives until crack initiation and the remaining life
covered by crack growth until final failure. The approach requires a profound
knowledge of the various influencing factors, also because predictions on
fatigue properties have their limitations and shortcomings.

The first edition of the present book was published in 2001. It has
been used for university courses and several courses with participants from
industry, universities, research institutes, official agencies, and teachers
of technical schools. Experience has shown that the book is generally
appreciated as a textbook for basic knowledge about fatigue, but also for
design applications and research programs. A new feature of the present
edition is the CD-rom included in this book. The first part of the CD
with exercises and summaries will be useful for students and teachers,
and also for self-tuition. A number of instructive case histories on fatigue
problems in service is covered in the second part of the CD. The third
part includes aspects of designing against fatigue and planning experimental
fatigue studies. In the last part personal reflections are presented on possible
research of fatigue problems in the future.

References to the literature are added to each chapter, but the number of
references is much smaller than usual for a monograph. Literature sources
from which results or figures have been used in this book are listed at the
end of each chapter. The lists are supplemented by a small number of general
references, mainly books and conference proceedings. However, research
workers who want to investigate specific problems in detail should access
computerized retrieval systems.

After working for more than 40 years on fatigue problems, I finally had
time to write the first edition of the present book, which was published
in 2001. In the present edition, written seven years later, the text of all
chapters has been carefully screened and corrected, but the fundamental
information is still the same. However, the chapter on “Designing against
Fatigue of Structures” (Chapter 19 in the first edition) has been replaced by
a completely newly written text which is Chapter 20 in the present edition.

Another difference with the first edition is the CD-rom now attached to
the book, which gives the reader more opportunity to work with the material
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offered and to guide and stimulate new work in this field. I trust that the
present edition will be helpful for everybody engaged in fatigue of structures
and materials, and also for a new generation of students.

Jaap Schijve
Delft, October 2008
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Symbols

a crack length, or semi-crack length, or depth of part through crack
a0 initial crack length
a, b semi-axes of ellipse
af final crack length
c (semi) crack length of surface crack
C constant in Paris equation
D diameter

Also: damage parameter
da/dN crack growth rate
dU/da strain energy release rate
E Young’s modulus
G shear modulus
k slope factor in Basquin relation,

or irregularity factor of random load
K stress intensity factor
�K = Kmax − Kmin
�Kth threshold �K (Figure 8.6)
Kop K at Sop
�Keff = Kmax − Kop
Kf fatigue strength reduction factor
KIc fracture toughness
Kt stress concentration factor
l crack length from edge of notch
m exponent in Paris equation
M bending moment
Mt torsion moment
n number of cycles
N fatigue life until failure
P load
p(x) probability density function
P(x) distribution function
r root radius of notch

Also: polar coordinate
rp plastic zone size
R stress ratio = Smin/Smax
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T temperature
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β geometry factor in K = βS
√

πa

γ surface roughness reduction factor
ε strain
θ polar coordinate
λ biaxiality ratio (S1/S2)
ν Poisson ratio
ρ tip radius of notch
σ local stress in material
σlog N standard deviation of log N

σa stress amplitude
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σres residual stress
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φ location angle in ellipse (Figure 5.16)
ω circular frequency in radian per second
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COD crack opening displacement
CT compact tension (specimen)
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OL overload
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VA variable-amplitude
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