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Preface

Compared to most disciplines of civil engineering, geotechnical earthquake engineering is
quite young. While the damaging effects of earthquakes have been known for centuries, the
strong contribution of soils to the magnitude and pattern of earthquake damage was not
widely appreciated until relatively recently. Following damaging earthquakes in 1964 in
Niigata, Japan and Alaska, and spurred by the growth of the nuclear power industry in the
1960s and 1970s, the field of geotechnical earthquake engineering has grown rapidly.
Although much remains to be learned, the field has matured to the point where generally
accepted theories and analytical procedures now exist for many important problems.

The purpose of this book is to introduce the reader to the concepts, theories, and pro-
cedures of geotechnical earthquake engineering. It is intended for use as a text in graduate
courses on geotechnical earthquake engineering and as a reference book for practicing engi-
neers. Recognizing that geotechnical earthquake engineering is a broad, multidisciplinary
field, the book draws from seismology, geology, structural engineering, risk analysis, and
other technical disciplines.

The book is written at a level suitable for students with knowledge equivalent to that
of a senior (fourth-year) civil engineering student. The student should have had basic
courses in soil mechanics, structural engineering, and hydraulics; introductory courses in
geology and probability/statistics would also be helpful. Many graduate students will have

xv



xvi Preface

had courses in structural dynamics or soil dynamics by the time they begin study of geo-
technical earthquake engineering. For those readers without prior exposure, introductions
to the nomenclature and mathematics of dynamic systems, structural dynamics, and prob-
ability are presented in three appendices.

ORGANIZATION

The subject matter falls into two main categories. The appendices and the first six chapters
present fundamental principles of seismology, ground motion, dynamics, and soil behavior.
Applications of these principles to the practical problems most commonly encountered in
geotechnical earthquake engineering practice are presented in the last six chapters.

Chapter | introduces the reader to the types of damage that can occur during earth-
quakes and to the problems they present to geotechnical earthquake engineers. Basic con-
cepts of earthquake seismology and the terminology used to describe earthquakes and their
effects are described in Chapter 2. Chapter 3 describes ground motion measurement, the
parameters used to characterize strong ground motion, and methods for prediction of those
parameters. Deterministic and probabilistic seismic hazard analyses are presented in Chap-
ter 4. Chapter 5 introduces the reader to wave propagation, beginning with simple one-
dimensional body waves in homogeneous materials and extending to surface waves and
multidimensional, layered systems. The properties of soil that control their wave propaga-
tion behavior are described in Chapter 6. Field and laboratory techniques for measurement
of these properties are also described.

Chapter 7 presents methods for analysis of ground response during earthquakes, begin-
ning with one-dimensional ground response analysis and moving through two- and three-
dimensional dynamic response analyses. Both frequency- and time-domain approaches are
described. Chapter 7 concludes with an introduction to the basic concepts and effects of soil-
structure interaction. The effects of local soil conditions on ground motions and earthquake
damage are described in Chapter 8. Chapter 8 also introduces the concept of design ground
motions, and how they are obtained from site-specific analyses and from building codes.
Chapter 9 deals with liquefaction—it begins with a conceptual framework for understanding
various liquefaction-related phenomena and then presents practical procedures for evalua-
tion of liquefaction hazards. Seismic stability of slopes is covered in Chapter 10, and seismic
design of retaining structures in Chapter 11. Chapters 10 and 11 address their respective
topics initially from pseudo-static and then from permanent displacement standpoints.
Chapter 12 introduces commonly used soil improvement techniques for mitigation of seis-
mic hazards.

PEDAGOGY

This book is the first to deal explicitly with the topic of geotechnical earthquake engineer-
ing. During its preparation, a great deal of time and effort was devoted to decisions regard-
ing content and organization. The final form naturally reflects my own preference, but the
text has been reviewed by many engineers from both academia and professional practice.
Preparation of the text also involved a great deal of interpretation of information from a
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wide variety of sources. While the text reflects my own interpretation of this information, it
is heavily referenced to allow readers to explore background or more detailed information
on various geotechnical earthquake engineering topics.

A couple features are noteworthy. Two ground motions from the Loma Prieta earth-
quake, one from a rock outcrop and one from the surface of a nearby deep soil deposit, are
used to illustrate a number of concepts throughout the book. Differences in the amplitudes,
frequency contents, and durations of the motions are emphasized in Chapter 3. The reasons
for these differences later become apparent in Chapters 7 and 8. The book also emphasizes
the use of transfer functions, particularly in the solution of ground response problems. The
transfer function approach helps students form a more complete understanding of ground
response—in the frequency domain as well as the time domain. With the advent of com-
puter programs such as MATLAB, MathCad, and Mathematica, the Fourier analyses
required in the transfer function approach are quite simple; students use MATLAB exten-
sively in my soil dynamics and geotechnical earthquake engineering courses.

The book contains worked examples and homework problems. The example prob-
lems are intended to illustrate the basic concepts of the problems they address; to allow the
results to be checked, a number involve calculations carried out to more significant figures
than the accuracy of the procedures (and typical input data) would justify. Many of the
important problems of geotechnical earthquake engineering, however, do not lend them-
selves to the type of short, well-defined homework problem that is readily placed in a book.
My preference is to assign longer, project-oriented assignments based on actual case histo-
ries, and I recommend that the homework problems in this book be supplemented by such

assignments.

UNITS

As in many other fields, the use of units in geotechnical earthquake engineering is neither uni-
form nor consistent. The current state of knowledge in geotechnical earthquake engineering
has resulted from advances in a variety of technical fields and a variety of countries, many of
which customarily use different units. Fortunately, most conform to relatively standard met-
ric or British systems. Rather than attempt to force the use of one system or the other, this
book uses dual units. In recognition of their origins, the most common units for each quantity
is listed first with the alternative following in parentheses. The approach is intended to allow
all readers to proceed through the material without stopping to convert (mentally or other-
wise) from one set of units to another. To encourage familiarity with both sets of units, some
example and homework problems are specified in metric units and some in British units.
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