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Engineering Rock Mechanics describes the discipline
based on mechanics that is used to design structures
built on or in rock masses. The rock mass is the aggre-
gate material composed of the intact rock material, the
intervening fractures, faults, and bedding planes (col-
lectively referred to in rock engineering as ``discontinu-
ities''), and the groundwater and in-situ stress
conditions. The intact rock material is what we learn
to identify in undergraduate geology classes. Fracture
sets that divide the rock mass are treated in structural
geology classes, while explicit consideration of ground-
water and stress state may be deferred to other classes.
The study of rock masses from an engineering perspec-
tive deals by necessity with all these elements in as
quantitative a fashion as practicable.

Whereas rock has been used as an engineering
material for millennia, only in the past several decades
has it gained independent statusÐon par with glass,
steel, concrete, ceramics, and compositesÐas a ma-
terial with special characteristics and design require-
ments. The construction of hydroelectric power plants,
deep underground mines, huge open-pit mines, and
storage facilities for petroleum reserves or high-level
radioactive waste, as well as environmental issues such
as groundwater recharge and tracking of contaminant
plumes, all require a sound knowledge of rock-mass
mechanics. In apparent contrast to these practical ap-
plications, the understanding of natural geologic struc-
tures, and the causative deformation processes, of
interest to structural geologists and geodynamicists
also depend critically on rock mechanics. The basic
physics common to both disciplines are the same
despite di�erences in terminology or professional mo-
tivation. This book provides a useful, though concise,
exposition of much of this shared material.

Including the introduction, the book is divided into
20 chapters, followed by a reference list, two appen-
dices, and an index. These chapters take the reader
from a description of what engineering rock mechanics
is, through chapters dealing with stress, strain, rock
properties and their measurement, discontinuities, var-
ious rock-mass properties such as permeability and
anisotropy, and into a series of chapters that discuss
important applications such as excavation, slope stab-
ility, and support design (wall and roof reinforcement).
The appendices provide ancillary material on stress,
strain, and stereonet methods. The book is intended as
a resource for engineers or others who work in rock
mechanics and/or rock engineering, and as a textbook
for either introductory or advanced teaching in rock
mechanics.

Chapters 1 and 2 (Introduction and Geological Set-
ting) de®ne the subject of rock mechanics and give a
very brief historical account of its development and
major attributes. Photographs of jointed outcrops,
fractured core, and quarries provide examples of rock
as an engineering material. Important terms and con-
cepts, such as intact rock, rock mass, and the geo-
metrical con®guration of fractures in the rock mass
(called the ``rock structure'' in the book) are high-
lighted. Chapter 3 (Stress) presents a somewhat cur-
sory outline of stress, using a matrix-based
formulation. Many of the points raised in the nine-
page long treatment would be useful for structural ge-
ologists, including ``why study stress,'' ``the di�erence
between a scalar, vector, and tensor,'' ``normal and
shear stress components,'' ``stress as a point property,''
properties of the stress matrix, and principal stresses.
The material is best extracted from this brief chapter
by a reader with some exposure to matrices and linear
algebra although only the results, and not the deri-
vations, are presented. The gory details of stress
equations that are really necessary for an understand-
ing of this chapter's material are given in Appendix A
(discussed below).

Chapter 4 provides a clear introduction to in situ
stress. After brie¯y relating the rationale for under-
standing and measuring in situ stressÐfrom an engin-
eering standpointÐa concise discussion of stress
determination methods is presented. The ¯atjack,
hydraulic fracturing, and the USBM and CSIRO over-
coring devices are described succinctly and qualitat-
ively. The discussion moves on to vertical and
horizontal stress components and their presentation as
a worldwide dataset. The Hoek and Brown method for
presenting the data, plotting the average horizontal
stress over the vertical stress against depth, is quite
useful and revealing but may be new for geologists
conversant with strength envelopes. A glossary of
selected terms follows the chapter.

A short sketch of strain follows in Chapter 5. Here,
®nite strain is described ®rst, using a few very simple
examples and diagrams. The important attribute of
path-dependent strain is noted up-front. In®nitesimal
strain is presented next, followed by the strain tensor
(in matrix form) and its linkage to the stress matrix
through the compliance matrix, which is developed for
the interesting and useful cases of orthotropic, trans-
versely isotropic, and isotropic materials. Details of
strain equations and conventions are deferred to
Appendix A.

The rock mechanics part of the book begins with
Chapter 6 (Intact rock). Here the concept of intact
rock is de®ned, followed by a cursory yet readable
description of the complete stress±strain curve for
rock. Elastic parameters such as Young's modulus
(both tangent and secant) are de®ned and some of the
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mechanisms that underlie rock deformationÐsuch as
closing or opening of microcracks in test samplesÐare
noted. The uncon®ned compressive strength is de®ned
without the usual recourse to a Mohr diagram. The
importance of testing machine sti�ness on laboratory
results is described in some detail. Other factors that
can in¯uence laboratory-scale intact-rock properties
including size, shape, end e�ects, loading conditions,
and moisture content (pore water pressure) are pre-
sented. Useful terms such as strain hardening or soft-
ening and creep are de®ned. This material is pertinent
background for structural geologists looking for a
quick and relatively painless entry to the ®eld and
intricacies of rock-mechanical testing. The chapter con-
cludes with a brief overview of peak-strength failure
criteria including Mohr±Coulomb, Gri�th, and Hoek±
Brown.

Chapter 7 begins the material on Discontinuities. As
noted by the authors, `` . . .discontinuities can be the
single most important factor governing the deformabil-
ity, strength and permeability of the rock mass . . . it is
the existence of discontinuities in a rock mass that
makes rock mechanics a unique subject''. As used in
the book, a discontinuity is de®ned as any separation
in the rock continuum having e�ectively zero tensile
strength, and it is used without any genetic connota-
tion, to include, for example, structures such as joints,
faults, and stylolites. Following some nice photographs
of jointed outcrops, the Chapter follows the standard
rock-engineering approach of statistical characteriz-
ation of discontinuities. Topics such as discontinuity
frequency and spacing, RQD (rock quality desig-
nation, a measure of fracture spacing), and probability
functions are presented. The role of discontinuities in
modulating the sti�ness and strength of an outcrop is
touched on at the end of the chapter.

Important aspects of rock-mass mechanics are con-
sidered in Chapters 8, 9, and 10. Following a brief ex-
planation of the concept of the rock mass (Chapter 8),
the e�ect of fracture sets on the hydraulic properties
of this composite material is considered in Chapter 9.
Basic concepts and de®nitions are laid out, with the
treatment focused on ¯uid ¯ow through fractures. The
e�ect of scale on ¯uid ¯ow properties is brie¯y con-
sidered. In Chapter 10 the basic elements of anisotropy
and inhomogeneity of rock masses are presented con-
cisely.

Techniques used by rock engineers to measure the
strengths of rock mass components are presented in
Chapter 11. The Schmidt hammer and point-load tests
are documented as ways of assessing the mechanical
index properties of the intact rock material. Simple ex-
perimental methods for measuring the shear strength
of discontinuities, and of the entire rock mass, are
then presented. The material then ¯ows to rock mass
classi®cation systems in Chapter 12, where the major

systems in current use (RMR and Q-system) are devel-
oped. Stand-up time for unsupported underground
openings in fractured rock masses and the related de-
formation modulus are presented as applications of
the classi®cation systems, along with suggestions for
further development. The time-dependency and creep
of rock masses is considered in Chapter 13 with a brief
introduction to inelastic behavior from a macroscopic
(rheologic) viewpoint.

A suite of topics of interest to rock engineering fol-
lows, including separate chapters on rock mechanics
interactions, excavation and blasting, stabilization and
support, slope stability, design of surface excavations,
and design of underground excavations (Chapters 19
and 20). The stereographic projection is used exten-
sively as a quick and reliable tool to assess block kin-
ematics such as toppling or sliding toward an exposed
cli� face.

Appendix A, which follows the reference list, pro-
vides a compact summary of the basic equations for
stress and for strain, using both matrices and trigon-
ometry. Several worked examples illustrate the
equations and the Mohr diagrams. Appendix B walks
the reader through basic operations on the stereonet.
An index completes the book.

In general the book is a useful summary of rock
mechanics as applied to rock engineering. The treat-
ment is more of an overview than an in-depth exposeÂ ,
however. This approach makes the book both reward-
ingly streamlined for an advanced reader yet frustrat-
ing by its lack of supporting data and sources. A
reader new to the topic may similarly learn much from
the general concepts presented yet be unable to
develop the depth of understanding needed to
thoroughly digest and utilize the material. The in-
clusion of worked example and homework problems
throughout the chapters would greatly facilitate the
use of the book as a text in college and university level
classes.

Concepts are illustrated either with photographs of
rocks or with original line drawings. Although the
quality of the artwork and photographic reproduction
is high, the short ®gure captions are largely insu�cient
to do justice to the important concepts contained in
the ®gures, making it more di�cult for the less experi-
enced reader to fully grasp the ®gures' signi®cance.

Throughout the book (e.g. Chapter 2, p. 28) the
authors associate brittle deformation (jointing) with
high strain rates and ductile deformation (folding)
with slow rates. This interpretation of joints, once
prevalent in the geologic literature, has been revised
and superceded since the 1980s (e.g. Pollard and
Aydin, 1988). Similarly, the description of geologic dis-
continuities may seem overly simplistic to the struc-
tural geologist, as much more is known about
fractures and faults than is even hinted at in the book.
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However, the discerning reader will note the elegant
simplicity and sharp focus in considering discontinu-
ities by their e�ect on the mechanical response of the
rock mass. The useful de®nitions given in the chapter-
ending glossaries should probably not be construed as
comprehensive, however, given a somewhat simpli®ed
usage. While the authors are not geologists, the di�er-
ences in de®nition illuminate the rather wide, and un-
necessary, gulf that still exists between structural
geology and rock mechanics.

A more comprehensive index (currently less than 4.5
pages for a 444-page volume) would improve the
book. I found that many important terms that were
highlighted in the chapters (e.g. Section 5.5, the elastic
compliance matrix) were not linked to entries in the
index. Placing the references before the appendices and
index made it more di�cult to locate the pages than if
the index were located at the end.

Engineering Rock Mechanics ®lls a useful niche as a
relatively painless introduction to applied rock mech-
anics. While it may be lacking in the level of detail
presented, engineers and geologists should appreciate
the uncluttered exposition of major concepts. The
book would be a worthwhile supplement for courses in
geotechnical engineering and structural geology.
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