
SOIL MECHANICS

A one-dimensional introduction

This introductory course on soil mechanics presents the key concepts
of stress, stiffness, seepage, consolidation, and strength within a one-
dimensional framework. Consideration of the mechanical behaviour of
soils requires us to consider density alongside stresses, thus permitting
the unification of deformation and strength characteristics. Soils are
described in a way which can be integrated with concurrent teaching
of the properties of other engineering materials. The book includes a
model of the shearing of soil and some examples of soil-structure inter-
action which are capable of theoretical analysis using one-dimensional
governing equations. The text contains many worked examples, and
exercises are given for private study at the end of all chapters. Some
suggestions for laboratory demonstrations that could accompany such
an introductory course are sprinkled through the book.

David Muir Wood has taught soil mechanics and geotechnical engi-
neering at the universities of Cambridge, Glasgow and Bristol since
1975 and has contributed to courses on soil mechanics in many coun-
tries around the world. He is the author of numerous research papers
and book chapters. His previous books include Soil behaviour and crit-
ical state soil mechanics (1990) and Geotechnical modelling (2004). He
was co-chairman of the United Kingdom GeotechniCAL computer-
aided learning project.
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Preface

This book has emerged from a number of stimuli.
There is a view that soils are special: that their characteristics are so extra-

ordinary that they can only be understood by a small band of specialists. Obviously,
soils do have some special properties: the central importance of density and change
of density merits particular attention. However, in the context of teaching princi-
ples of soil mechanics to undergraduates in the early years of their civil engineering
degree programmes, I believe that there is advantage to be gained in trying to in-
tegrate this teaching with other teaching of properties of engineering materials to
which the students are being exposed at the same time.

It is a fundamental tenet of critical state soil mechanics – with which I grew up
in my undergraduate days – that consideration of the mechanical behaviour of soils
requires us to consider density alongside effective stresses, thus permitting the uni-
fication of deformation and strength characteristics. This can be seen as a broad
interpretation of the phrase critical state soil mechanics. I believe that such a unifi-
cation can aid the teaching and understanding of soil mechanics.

There is an elegant book by A. J. Roberts1 which demonstrates in a unified
way how a common mathematical framework can be applied to problems of solid
mechanics, fluid mechanics, traffic flow and so on. While I cannot hope to emulate
this elegance, the title prompted me to explore a similar one-dimensional theme
for the presentation of many of the key concepts of soil mechanics: density, stress,
stiffness, strength and fluid flow.

This one-dimensional approach to soil mechanics has formed the basis for an
introductory course of ten one-hour lectures with ten one-hour problem classes and
one three-hour laboratory afternoon for first-year civil engineering undergraduates
at Bristol University. The material of that course is contained in this book. I have
added a chapter on the analysis of one-dimensional consolidation, which fits neatly
with the theme of the book. I have also included a model of the shearing of soil and
some examples of soil-structure interaction which are capable of theoretical analysis
using essentially one-dimensional governing equations.

1 Roberts, A. J. (1994). A one-dimensional introduction to continuum mechanics. World Scientific.
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x Preface

Simplification of more or less realistic problems leads to differential equations
which can be readily solved: this is the essence of modelling with which engineers
need to engage (and to realise that they are engaging) all the time. A few of these
topics require some modest mathematical ability – a bit of integration, solution of
ordinary and partial differential equations – but nothing beyond the eventual expec-
tations of an undergraduate engineering degree programme. Sections that might, as
a consequence, be omitted on a first reading, or until the classes in mathematics have
caught up, are indicated by the symbol ♣.

Exercises are given for private study at the end of all chapters and some sug-
gestions for laboratory demonstrations that could accompany such an introductory
course are sprinkled through the book.

I am grateful to colleagues at Bristol and elsewhere – especially Danuta
Lesniewska, Erdin Ibraim and Dick Clements – who have provided advice and com-
ments on drafts of this book to which I have tried to respond. Erdin in particular has
helped enormously by using material and examples from a draft of this book in his
own teaching and has made many useful suggestions for clarification. However, the
blame for any remaining errors must remain with me.

I am grateful to Christopher Bambridge, Ross Boulanger, Sarah Dagostino,
David Eastaff, David Nash and Alan Powderham for their advice and help in lo-
cating and giving permission to reproduce suitable pictures.

I thank Bristol University for awarding me a University Research Fellowship
for the academic year 2007–8 which gave me some breathing space after a particu-
larly heavy four years of administrative duty.

I am particularly grateful to Peter Gordon for his editorial guidance and wisdom
and his intervention at times of stress.

I acknowledge with gratitude Helen’s indulgence and support while I have been
preparing and revising this book.

David Muir Wood
Abbots Leigh
June 2009
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