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Research and Development in Geomechanics

G. D. AITCHISON
(C.S.1.R.O. Division of Applied Geomechanics)

In the other papers presented by my eminent
colleagues to this introductory session of the First
Australasian Geomechanics Conference there is a great
deal of evidence to prove that our progress in this
field has been based upon sound original thinking
and the willingness to exploit new ideas. These
parameters of progress - new concepts and relevant
innovation - are also in fact the attributes of any
programme of research and development.

It has always been a difficult matter to define
what is meant by the 'research'. Research, in turn,
is not independent of development for the relevance
of research is determined by the stage of development
in any service or technology and the value of
research is often determined by the adequacy of the
developmental processes which follow,

But one thing is certain - the term 'research'
and the term "technology' have now lost their magic.
We have all seen some part at least of the extra-
ordinary emotional entanglement between science and
technology on the one hand and the public and govern-
ments on the other. For two or three decades there
has been a sort of fascination associated with
science and particularly with scientific research.
Many people have been mesmerised by the sheer
ability of other men to reach out and grasp new con-
cepts; others have seen research and technological
development as an avenue to easy affluence - a kind
of cargo-cultism, but all - or nearly all - have
tended to regard 'the research worker' as a person
apart - as a sort of minor priest in a heathen
technological society: someone to be fed and feared;
someone to be treated with awe if not with complete
respect: someone who would brook no interference:
someone whose motives could not be understood by the
layman: and someone who did not always accept the
total responsibility for developments arising from
his work, It is easy to place such a person (or
calegory of people) on a pedestal: and it is equally
easy to be disillusioned when the ordinary human
limitations of such people lead to social or economic
blunders which can affect a whole society.

We are in just such a stage of disenchantment
at the present time. The public has become aware
of the rape of the environment by this demi-god of
technology and governments have become aware of the
damages to society arising from uncontrolled expend-
iture on expanding technology. These are matters
with little apparent connection with the subject of
this address but they are in fact entirely relevant
since they set the tones and define some of the

themes for research and development in the seventies.
We can be very sure that, whatever the past has held
the future will certainly reguire of us a great sense
of purpose, a public responsibility, an ability to
communicate our desires and achievements and an
appreciation of the economics of our position. Per-
haps those of us in geomechanics research have always
operated under some of these restraints since some

of the controls of expenditure on our research has
been exercised by hard-headed engineers. Be that as
it may, the omens for the future ars that we will
certainly have to justify our place in the sun.

It is no mean place that we occupy already.
Perhaps before we look to the futurs we should take
a long hard look at what we are costing the community
already so that we can measure the achievements of
our subject with the cost of research and development.
(Naturally there will be phase differsnces between
any such expenditure and the benefits therefrom but
the figures may be useful nevertheless).

Geomechanics research and development in Austral-
ia and New Zealand today is probably costing well
over $10 million per year. Naturally any such
estimate of cost is a little imprecise for in most
cases (for example in Universities and in State
engineering instrumentalities) it is difficult to
separate research from other activities. However
the sum of §10 million is probably guite a conserv-
ative estimate of the current rate of expenditure -
and this expenditure is increasing rapidly each year.
Whatever the correct figure - and it is certainly more
than $5 million and less than $25 million - this sum
of money has the dimensions of an industry and should
be viewed in that light.

But before we pay attention to the present or
proposed situation in geomechanics research it may be
as well to review the past to some small extent.

It is a feature of the pioneering stages of
any technology that innovation tends to precede
research, We, in these countries, despite our
technological achievements of the past four decades,
are not long ouz of the picneering era - and it is not
surprising therefore that we still see the evidence
of innovations and practices developed in that era.
We still have many earth dams and many rural roads
which were constructed using technigues in advance
of their time and which still represent sound pract-
ice today. Some of our mines, opened more than a
quarter-century ago still represent practices which
have changed more due to the advent of modern



504

machinery than due to advances in engineering under-
standing of the properties of soils and rocks.

All credit must be given to the brilliant engineers -
the innovators of the past - who made significant
progress without the aid of organised research.

But innovation based upon an individual's obser-
vations and experiences results in slow progress and
society has demanded a more rapid rate of progress,
Consequently research activity became essential and
as society demanded more and more technology so
research activity accelerated - leading to an even
greater pace of technological progress.

Forty years ago, in these countries, research in
any aspect of geomechanics was virtually non-existent.
An interest in soil mechanics then developed but
research expenditure had probably not reached a level
of more than the equivalent of a few thousand dollars
per annum before it was checked by the war., The
technological stimulus arising from the war opened
the way for research expansion on a variety of fronts
and the pace of progress has continued to increase
ever since.

It has been a feature of a great deal of geo-
mechanics research that it has been linked to tech-
nological progress. Any usable research result has
been accepted immediately by the engineering profess-
ion and often has been applied in an engineering
project almost before the research paper has been
published.

The extraordinary changes that have come over the
research scene in the past thirty years can be seen
in the growth pattern of the relevant portion of
C.48: TR0, (The choice of C.S.I.R.0. as an example
is partly because of the author's direct connection
with the whole of the programme during this period and
partly merely because this is possibly the only
research group to have spanned this period. It is
not suggested however that C.S.I.R.0. has any more
claim to fame than any one of a number of other
groups in Australia and New Zealand. The Snowy
Mountains Authority in Australia and the Ministry of
Works in New Zealand - as two examples only - have
accomplished great things in this time, The Univ=-
ersities generally have also made giant strides and
in many instances have achieved an entirely high
academic status).

C.5.I.R.0."s role in geomechanics research, like
so many other new developments in science and tech-
nology, emerged from the travail of World War II,
The need to build heavy-duty airfields, in a country
which still used grass surfaces to handle the air
traffic at some of its major capital cities, created
an unprecedented demand for materials and technigue.

Soil was the one material available at all of the
scattered sites chosen for strategic airfields and,
since transport of other materials was out of the
question in wartime Australia, it was therefore soil
that had to be used for airfield construction. Soil
in its natural condition was unsuitable to carry the
ever-increasing loads applied by aircraft wheels and
so it became necessary to improve, or to stabilise,
the various natural soils. C.S.I.R.0. therefore
embarked on a programme of investigation of soil
stabilisation, closely linked to the day-to-day defence
requirements of the country, Studies were made
throughout much of Australia and a good deal of New

Guinea,

After the war C.S.I.R.0. (then C.S.I.R.) naturally
withdrew from activities associated with defence but
immediately found itself involved in the post-war
builcing boom. The experience gained in the war-
time studies of the engineering behavicur of soils for
alrfield construction was soon put to good use coping
with problems of building foundations, New areas of
land had to be evaluated in terms of their comparat-
ive foundation difficulties and, as a consequence of
these appraisals, it became apparent that architects
and engineers lacked the knowledge of soil properties
necessary to permit them to design economic building
foundations, C.S5.I.R., through its Division of Soils,
therefore undertook a long-term programme of research
to define these foundation properties of soils and to
develop a technology for the application of knowledge
of these soil properties to proper design procedure for
building foundations,

This work on building foundations was sparked off
by the urgent post-war requirements of domestic con-
struction but before long, as Australian cities and
industrial areas grew apace, there was an inevitable
demand for the extension of the work of C.S5.I.R. to cope
with the foundation design problems of major buildings,
and of course other structures such as bridges,
wharves, and roads.

During this same post-war period the interest of
University Engineering Schools in the subject of soil
mechanics was growing and in 1952 C.S.I.R.0. joined
with the University of Melbourne in a cooperative
programme which established the first post-graduate
school of so0il mechanics in Australia.

The increasing commitment to engineering research
associated with these soil mechanics activities
prompted the Executive of C.S.I.R.0. to recognise the
need for a separate entity - leading to the disassoc-
iation of this work from the agriculturally oriented
Division of Soils and to the establishment of an
independent Section of Scil Mechanics, later to become
a Division of Soil Mecharics and then a Division of
Applied Geomechanics.

The years that followed the establishment of the
Soil Mechanics Section were extraordinarily eventful
and exciting. Engineering in Australia was booming,
leading to many new opportunities faor censulting
enginegers. Universities were proliferating, usually
with strong growth in engineering departments., These
developments had two consequences - firstly that every
new technological development arising from GC.S.I.R.0.
research was selzed upon and exploited immediately -
and secondly that every research scientist in soil
mechanics in C.S5.I.R.0. became fair game for the rec-
ruitment efforts of the other expanding groups.
Turnover became high - but since turnover of knowledge
to industry roughly matched the turnover of staff the
end result was anything but detrimental. In fact the
outcome was merely that the whole research programme
passed through a continuing process of rapid change
and thereby maintained its vitality.

It is interesting to loock at this pattern of
change in C.S.I.R.0. in the context of the patterns of
technological development in associated or dependent
areas of engineering.

The early involvement (i,e. from 1945 onwazds)



in the soil problems associated with building foundation
design led firstly to a joint study with the South
Australian Department of Mines of the interactions
between geology, soil occurrences and foundation

design for small buildings. As this work progressed
the Department of Mines took over firstly the Tole of
consultant to apply existing knowledge and then under-
took further programmes of site investigation and mapp-
ing. By 1960 or shortly thereafter development had
proceeded to the point at which private engineering
consultants were ready to accept responsibilities for
investigation and design of building foundations on
expansive soils., Since that time the role of C.S.I.-
R.C. in this field has been one of research in support
of the specialist problems of the consultants (which
role may well continue for as long as such problems

are brought forward at this level).

Early in the 1950's, with the expansion in
engineering construction there was a dearth of know-
ledge concerning the soils strata at depths of up to
300 ft.in areas of Melbourne, Adelaide, Launceston
and elsewhere, C.S.I.R.0. accepted the task of
organising adequate site investigations for several
major projects and although some aspects of these
tasks could not be defined as research they represent-
ed a necessary stage in the upgrading of the proced-
ures adopted in these areas for such site investig-
ations. Within a space of only a year or two, comm-
ercial and consulting organisations were available to
take over this type of work but C.S.I.R.0. has retained
from these studies a research interest in and an inter-
national responsibility for the attainment of quality
in the processes of soil sampling.

One of the relatively unique soil problems of
Australia is that associated with the aridity of much
of the country. From the inception of its soil
mechanics interests C.S.I.R.0. has made extensive
studies of the soil moisture variables and its effect
on soil properties. The unfamiliarity of the
concepts of soil physics has led engineers to accept
these studies with caution but there is now a trend
for the interpretation of research results into the
designs of highway engineers.

Other topics on which C.S.I.R.0. has expended
considerable research effort, but which have now
largely passed into direct use in the engineering
industry or into the engineering consulting profession,
include studies of techniques for soil stabilisation
and development of procedures for the engineering
evaluation of terrain.

Naturally these semi-practical studies were
backed up by fundamental research - into the nature
and magnitude of interparticle bonds; into the mech-
anics of fracture; into the properties of unsaturated
soils; into advanced computational techniques for the
prediction of the stress-deformation behaviour of
earthen materials.

Two important issues emerged from these basic
studies - these were firstly that - in terms of prin-
ciples - there was a complete continuum between the
behaviour of soils and of rocks; and secondly that it
was imperative that the predictive capacity generated
by the use of basic principles should be supported by
real observations - involving real materials and real
structures.

Inevitably therefore, C.S.I.R.0. was led to expand

205

its interests to include rock mechanics as well as
soil mechanics (this transition also coincided with
pressure from the mining industry for new geomechanics
knowledge) and as a second development the Division

of Applied Geomechanics became closely involved with
the whole process of the use of geomechanics know-
ledge in engineering design and construction.

The end point of this programme of development of
the pattern of research in C.S.I.R.0. has been the
establishment of integrated geomechanics research
projects in which an attempt is made to include
every aspect of the interactions between:

1. A (mathematical) model of material behaviour.

2. The measurement of the material properties
(the parameters of the material behaviour).

3. Computational procedures to apply the
predictive capabilities of the model and the
measurements to a real situation (involving
possible combinations of two or more struct-
ural elements, e.g., a building frame, a
foundation slab and an underlying soil; or a
series of mine openings in rock with some
openings backfilled with hydraulic fill,
ate. )

4, Measurement procedures to provide a check on
all of the parameters of prediction involved
in, 3s

Feedback processes between each stage permit the
assessment of the validity of the model, the measure-
ments of material properties, the computational
procedures or the techniques of measurement of physic-
al behaviour of the system.

It is an important feature of such an integrated
project that not only are all of the above technical
interactions involved but also the interactions of
various professional groups (the research workers,
the consulting engineer, the site investigation
engineer, the construction engineer and often indeed
the technicians) are brought intc play with exceed-
ingly valuable effect.

Such integrated projects are extremely costly but
since the cost is shared by all collaborating (and
benefitting) parties, the true expenditure is often
unknown, However, it is pertinent to note that
since C.S.I.R.0. became involved in such projects,its
expenditure on geomechanics research has climbed
steeply until today it is not far below the figure
of $1 million per year (including contributions from
the relevant industries).

I have stressed earlier and I wish to stress
again that this pattern of growth in C.S.I.R.0. is
not abnormal. Other groups in this country have for-
ged ahead in a similar manner while some of the lead-
ing groups overseas are firmly ensconced on a much
higher level of activity,

If one now looks to the future, bearing in mind
the probability of close scrutiny of future projects
for expansion in technological research it seems that
we, in these countries, cannot afford the fragmentat-
ion that has characterised much of the past. We
believe, quite obviously,that we have a valuable
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contribution to make but we must make sure that we
treat our industry - for such it is - with respect
and pride and this we can do if we plan to operate
efficiently.

Accordingly it may be useful to set out some
guide lines for the planning of our future:

1. Research must have a clear identity (usually
defined in relation to well established categor-
ies within the arts and sciences), Therefore
research in geomechanics must be identified as a
cemponent in the pattern of progress of civil
engineering and of mining engineering.

2. Research (in the useful arts) must have a defin-
ite purpose - usually defined in terms not un-
related to its identity. Research in geomech-
anics is predominantly pragmatic - it seeks to
fill those gaps in engineering knowledge which
are or may be important to the engineers of the
time.

3. Research will always assume a definite pattern -
with characteristic components usually determined
by the purpose of research, Research in geo-
mechanics follows the engineering pattern in
having as components:

(1)  basic studies of an experimental or an
analytical nature,

(2)  application of the results of basic studies
to generalised engineering situations (lead-
ing to the statement of design principles
or to innovations of a generalised charact-
er),

(3)  application of the basic studies or the
design principles to specific engineering
situations (leading to specific designs or
innovaticns of a detailed nature - each
associated with a specific performance),

(4)  observations of the actual performance
vis-a-vis the predicted performance,

4, Research, if it is to be efficient, must have a
structure involving proper relationship between
all of the constitusnt components of research.
Feedback between all components is essential.

None of the components of the research structure
must be permitted to lag for this will limit the
progress of the whole field of knowledge.

Obviously there are dangers in stating such a
philosophy of research - for there is the clear im-
plication that the time-honoured freedom of the in-
dividual will be subjected to the requirements of
technological progress - or possibly to the require-
ments of optimising expenditure against a specified
technological goal.

But restraint is not an evil of itself any more
than freedom is a virtue of itself and I, for one,
cannot see that an organised programme of research and
development - in the national interests - is in any
way abhorrent,

Possibly the optimum structure for such organised
research is one in which a limited number of instit-
uticns need not have specific geographic entities but
may consist of many individuals or groups working
within a collaborative scheme,

Whatever the pattern that we may adopt for our
research structure it is unlikely that we will treat
our responsibilities lightly, This Conference is the
first Australasian Geomechanics Conference but it is
alsc the sixth in the series of Australasian Soil
Mectanics Conferences, The first of these Soil
Mechanics Conferences arose from the deep awareness
of the need to cooperate in our search for a better
understanding of soil problems in Australasia - and
for soils engineers and research workers in soil
mechanics the results of that meeting have been far-
reaching indeed, I feel sure that after this con-
ference we will move just as strongly ahead into the
new field of Geomechanics research and development,




