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Preface xvii 

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. 

A number of people have helped directly and indirectly in the preparation of this book. The 
professional and academic portions of my career have benefited greatly from a number of 
people that I have worked closely with, particularly (in chronological order) Bill Houston, 
Tom Tejima, H.B. Seed, Joe Mahoney, and Bob Holtz. Their assistance, advice, and 
encouragement has taken many forms, and I am grateful to each. 









































Sec. 2.2 Internal Structure of the Earth 19 

higher equatorial velocities due to the earth's rotation. The earth weighs some 5.4 x lo2' 
tons (4.9 x 1 0 ~ ~ k g ) ,  which indicates an average specific gravity of about 5.5. Since the spe- 
cific gravity of surficial rocks is known to be on the order of 2.7 to 3, higher specific grav- 
ities are implied at greater depths. 

One of the first important achievements in seismology was the determination of the 
internal structure of the earth. Large earthquakes produce enough energy to cause measur- 
able shaking at points all around the world. As the different types of seismic waves travel 
through the earth, they are refracted and reflected at boundaries between different layers, 
reaching different points on the earth's surface by different paths. Studies of these refrac- 
tions and reflections early in this century revealed the layered structure of the earth and pro- 
vided insight into the characteristics of each layer. 

2.2.1 Seismic Waves 

When an earthquake occurs, different types of seismic waves are produced: body waves and 
surface waves. Although seismic waves are discussed in detail in Chapter 5, the brief 
description that follows is necessary to explain some of the concepts of Chapters 2 to 4. 

Body waves, which can travel through the interior of the earth, are of two types: 
p-waves and s-waves (Figure 2.1). P-waves, also known as primary, compressional, or lon- 
gitudinal waves, involve successive compression and rarefaction of the materials through 
which they pass. They are analogous to sound waves; the motion of an individual particle 
that a p-wave travels through is parallel to the direction of travel. Like sound waves, 
p-waves can travel through solids and fluids. S-waves, also known as secondary, shear, or 
transverse waves, cause shearing deformations as they travel through a material. The 
motion of an individual particle is perpendicular to the direction of s-wave travel. The direc- 
tion of particle movement can be used to divide s-waves into two components, SV (vertical 

Compressions Undisturbed medium 
/ \ / \ 

\ / 4 >, 
Rarefactions Wavelength 

Undisturbed medium 

I- *I 
Wavelength 

Figure 2.1 Deformations produced by body waves: (a) p-wave; (b) SV-wave. From 
Earthquakes by Bolt. Copyright O 1993 by W.H. Freeman and Company. Used with 
permission. 
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