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Preface

This book gives the material for an introductory course on Soil Dynamics, as given
for about 10 years at the Delft University of Technology for students of civil engi-
neering, and updated continuously since 1994.

The book presents the basic principles of elastodynamics and the major solutions
of problems of interest for geotechnical engineering. For most problems the full an-
alytical derivation of the solution is given, mainly using integral transform methods.
These methods are presented briefly in Appendix A. The elastostatic solutions of
many problems are also given, as an introduction to the elastodynamic solutions,
and as possible limiting states of the corresponding dynamic problems. For a num-
ber of problems of elastodynamics of a half space exact solutions are given, in closed
form, using methods developed by Pekeris and De Hoop. Some of these basic so-
lutions are derived in full detail, to assist in understanding the beautiful techniques
used in deriving them. For many problems the main functions for a computer pro-
gram to produce numerical data and graphs are given, in C. Some approximations
in which the horizontal displacements are disregarded, an approximation suggested
by Westergaard and Barends, are also given, because they are much easier to derive,
may give a first insight in the response of a foundation, and may be a stepping stone
to solving the more difficult complete elastodynamic problems.

The book is directed towards students of engineering, and may be giving more
details of the derivations of the solutions than strictly necessary, or than most other
books on elastodynamics give, but this may be excused by my own difficulties in
studying the subject, and by helping students with similar difficulties.

The book starts with a chapter on the behaviour of the simplest elementary sys-
tem, a system consisting of a mass, supported by a linear spring and a linear damper.
The main purpose of this chapter is to define the basic properties of dynamical sys-
tems, for future reference. In this chapter the major forms of damping of importance
for soil dynamics problems, viscous damping and hysteretic damping, are defined
and their properties are investigated.

Chapters 2 and 3 are devoted to one dimensional problems: wave propagation in
piles, and wave propagation in layers due to earthquakes in the underlying layers, as
first developed in the 1970s at the University of California, Berkeley. In these chap-
ters the mathematical methods of Laplace and Fourier transforms, characteristics,
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and separation of variables, are used and compared. Some simple numerical models
are also presented.

The next two chapters (Chaps. 4 and 5) deal with the important effect that soils
are usually composed of two constituents: solid particles and a fluid, usually water,
but perhaps oil, or a mixture of a liquid and gas. Chapter 4 presents the classical the-
ory, due to Terzaghi, of semi-static consolidation, and some elementary solutions. In
Chap. 5 the extension to the dynamical case is presented, mainly for the one dimen-
sional case, as first presented by De Josselin de Jong and Biot, in 1956. The solution
for the propagation of waves in a one dimensional column is presented, leading to
the important conclusion that for most problems a practically saturated soil can be
considered as a medium in which the solid particles and the fluid move and deform
together, which in soil mechanics is usually denoted as a state of undrained defor-
mations. For an elastic solid skeleton this means that the soil behaves as an elastic
material with Poisson’s ratio close to 0.5.

Chapters 6 and 7 deal with the solution of problems of cylindrical and spherical
symmetry. In the chapter on cylindrically symmetric problems the propagation of
waves in an infinite medium introduces Rayleigh’s important principle of the radia-
tion condition, which expresses that in an infinite medium no waves can be expected
to travel from infinity towards the interior of the body.

Chapters 8 and 9 give the basic theory of the theory of elasticity for static and
dynamic problems. Chapter 8 also gives the solution for some of the more difficult
problems, involving mixed boundary value conditions. The corresponding dynamic
problems still await solution, at least in analytic form. Chapter 9 presents the basics
of dynamic problems in elastic continua, including the general properties of the
most important types of waves: compression waves, shear waves, Rayleigh waves
and Love waves, which appear in other chapters.

Chapter 10, on confined elastodynamics, presents an approximate theory of elas-
todynamics, in which the horizontal deformations are artificially assumed to van-
ish, an approximation due to Westergaard and generalized by Barends. This makes
it possible to solve a variety of problems by simple means, and resulting in rela-
tively simple solutions. It should be remembered that these are approximate solu-
tions only, and that important features of the complete solutions, such as the gen-
eration of Rayleigh waves, are excluded. These approximate solutions are included
in the present book because they are so much simpler to derive and to analyze than
the full elastodynamic solutions. The full elastodynamic solutions of the problems
considered in this chapter are given in Chaps. 11–13.

In soil mechanics the elastostatic solutions for a line load or a distributed load
on a half plane are of great importance because they provide basic solutions for
the stress distribution in soils due to loads on the surface. In Chaps. 11 and 12 the
solution for two corresponding elastodynamic problems, a line load on a half plane
and a strip load on a half plane, are derived. These chapters rely heavily on the
theory developed by Cagniard and De Hoop. The solutions for impulse loads, which
can be found in many publications, are first given, and then these are used as the
basics for the solutions for the stresses in case of a line load constant in time. These
solutions should tend towards the well known elastostatic limits, as they indeed do.
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An important aspect of these solutions is that for large values of time the Rayleigh
wave is clearly observed, in agreement with the general wave theory for a half plane.
Approximate solutions valid for large values of time, including the Rayleigh waves,
are derived for the line load and the strip load. These approximate solutions may be
useful as the basis for the analysis of problems with a more general type of loading.

Chapter 13 presents the solution for a point load on an elastic half space, a prob-
lem first solved analytically by Pekeris. The solution is derived using integral trans-
forms and an elegant transformation theorem due to Bateman and Pekeris. In this
chapter numerical values are obtained using numerical integration of the final inte-
grals.

In Chap. 14 some problems of moving loads are considered. Closed form solu-
tions appear to be possible for a moving wave load, and for a moving strip load,
assuming that the material possesses some hysteretic damping.

Chapter 15, finally, presents some practical considerations on foundation vibra-
tions. On the basis of solutions derived in earlier chapters approximate solutions are
expressed in the form of equivalent springs and dampings.

The text has been prepared using the LATEX version (Lamport, 1994) of the pro-
gram TEX (Knuth, 1986). The PICTEX macros (Wichura, 1987) have been used to
prepare the figures. Modern software provides a major impetus to the production of
books and papers in facilitating the illustration of complex solutions by numerical
and graphical examples. In this book many solutions are accompanied by parts of
computer programs that have been used to produce the figures, so that readers can
compose their own programs. It is all the more appropriate to acknowledge the effort
that must have been made by earlier authors and their associates in producing their
publications. A case in point is the paper by Lamb, more than a century ago, with
many illustrative figures, for which the computations were made by Mr. Woodall.

The programs used to produce many of the illustrations in the book can be down-
loaded from the website http://geo.verruijt.net. Updates of these programs will be
published on this website. Early versions of the book have been published on this
website, leading to helpful comments by readers from all over the world.

Many thanks are due to Professor A.T. de Hoop for his many helpful and con-
structive ideas and comments, and to Dr. C. Cornejo Córdova for several years of
joint research. Further comments will be greatly appreciated.

Delft Arnold Verruijt

http://geo.verruijt.net
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