
Geomechanics for Rock Slope Engineering: The Domain of
Engineers or Geologists?

Introduction

Slope st ab i l i ty ana lyse s aimed at

forecastin g sl op e re li ability a re

consider ed to be funda me nta l to the

safe , eco nom ic and envi ro nmentally

susta i nab le d evel opm ent o f major

surface engineerin g wo r ks . Slo pe

failures have a nega ti ve impact on the

costs of a proj ect, and on the

percept ions of the community on the

rol e played by geo log ists and engineers

in the ir des igns. Unfor tunate ly, there

appears to be a g u l f betw een th e

approaches adopted by engineers and

geologists w ho w ork o n these slope

stability pr oj ect s.

During th e last 20 yea rs or so a range

of analyti c al too ls have b een

suc cessf u l ly b ro ug ht into the

geotechn ical industry. These include

empirical , l imit equi li br ium, numerical

modelling and probabili sti c methods of

ana lys is , as w e l l as va r io us thr ee ­

dim en si on al m od elling a nd

visualisation tec hni ques. Whi ch to ol

gets used o n any parti cu lar proj ect

invari ably reflect s th e ba ckground of

the user. Engineers generally follow

the m ath em ati c ally c o nv e n i en t

abstraction s of materials engineering or

soil m ech ani c s a nd opt for th e

numeri c a I mod ell in g appro ach .

Geologi sts, w hose foc us is more o n

natural pr ocess th an mathematics, lean

towards the three-dim ensional

visual isation and modelling techniques

to help determine the geo l o g i c a l

causes of slope failures or landsl ides.

Both approaches have thei r mer i ts and

both have led to a better un dersta nd ing

of the fa i lure of man-m ade and natural

slopes.

The Challenge

I bel ieve that there are two aspects to

the gulf between the engi neering and

the geo logical sides of the geotechni cal

i nd ustry. One I will ca ll tec hno ­

soci o logical, the other is tech nical. I

will ad dress the techno-sociologi cal

fi rst. th rough the Austra l ian experience .

In Australi a, eng ineering geology trul y

be gan in th e earl y 1950's wh en the

Australi an Govern m ent com menced

work on the Snowy Mountains Hy dro­

Electri c Scheme for power generat io n,

flood control and irrigation purposes.

The Snow y Mountains Hydro-Electric

Autho ri ty (SM H EA) speci alised in th e

design a nd co nstruction o f d am s,

und erground pow er sta tio ns a n d

tunnels , and developed an env iab le,

global reputation for excellen ce in

engineering geology. Most, if not all

of t rie engineering geologists that were

employed by the SMH EA gain ed their

fir st degree in geology and their

engineering and construct ion skills on

the job. After ga in ing th i s w o rk

experi enc e many return ed to university

and ob tained po st-gradu ate degrees in
engineering.

The Australian Geologic a l Sur vey

Organisation (fo rmerl y kn ow n as the

Bureau of Mineral Resources, Geo logy

& Geophysics o r, m o re simpl y, th e

BMR ), the geological surveys of th e

different Austral ian States an d many

quasi-government agen c ies invo lve d in

resource development and distri bu t io n

projects followed SMHEA's lead and

developed strong engineer in g geology

sect ions.

These ex c e llen t tr aining grounds

provid ed for engineering geologists

evaporated during the 1980's mainly as

a result of the completion of major

projects a nd pressures on public

funding. Consequently, most of the

staff progressively moved into either

engineering consultancies or the

mining industry and none of the

engineering geology sections operate

today.

Signifi cantly, no tertiary education

coursework leading to a degree in

engineering geology was permanently

established by any university in

Australia during this time. This wa s due
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pr i m ar ily to th e small enr o l m ents

assoc iated with such a ni che ma rket

w i t hin eit her a geo lo gy or an

en gineering curriculum.

One outcome of this is that as a bran ch

of sc ie nce and eng i nee ring,

engineering geol ogy in Australia has

stagnated (Bay nes, 1996) and th ose

w ho once referre d to the mselves as

engineering geologists now general ly

prefer to call th emselves geotechnical

engineers. Second ly, the new stock of

geot echnical engin eers come from an

engineering background, armed with

first degrees in eng inee r ing and li tt le

or no tra in ing in geo logy.

The technical aspect of the gulf

between the engineering and the

geological si des of the industry can be

trac ked to the engineering penchant for

ad o p t i ng the mathematically

convenient abstracti ons of ma ter ia ls

en gineer ing or so i l me chanics. The

ex p onent ial growth in computing

capa c ity we have witnessed in the last

decade has also strongly influenced the

manner in which we mo del rock mass

deformation. It is now not o n ly

mathematically co nvenient but also

com putationa Ily conven ient to obtai n

approximate so l utions to t h o se

prob lems where say, comp lex three­

dimensiona l underground op enings are

to be excavated in anisotropic ro ck

masses. This may be convenient and

geolog ically acce ptable in the confined

un derground situ ation, but it is not

co nvenient nor geologi cally acceptable

for studies of surface features such as

natu ral or man made slopes.

One part of the difficulty is the very

low str ess environment in slopes,

w hi ch virtua lly guarantees that existing

or incipient structures in the rock mass

will be exploited before a through­

go i ng failure surface develo ps .

An other is the nature of the

assumptions that are made when the

attr ibutes of rock masses are classified.

Rock Qual ity Index (RQD), Rock Mass

Rating (RMR), and the Hoek & Brown

strength criterion were breakthroughs

and over the years hav e contributed to

the success of many projects.

However, their application req uires the

type of ski ll that can only be gained

from a th orough understanding of their

l im it ing assumpt ions and the 'hands­

on ' experience not available to more

recently graduated practitioners.

The ch~enge, then, is how to:

(a) ob ta i n more e ng i nee rs and

---;Umerical modellers who are also

good geologists, and

(b) bri ng th e knowledge and

experience of the geological and

mathematical groups together in a

way th at w ill benefit everyone

working on projects where slope

stability is an issue.

The first belongs to the world of tertia ry

educat io n and needs to be conveyed

in the strongest possible terms to that

forum by everyone in the civil and

mining engineering industries. The

second can be addressed, for example,

through the Australian Centre for

Geomechanics by . bringing..!Qg~t~r

resea r chers~ field engi nee~n..Q..

~n a g e m e n t to pursue rese~h

ob jectives that build on the

fundamental observation that the

.Rerfo rmance of man made and natural

..s l op es are governed by the same

.p r i nc ip les. Only the time scale is

different and, to be su c cessful,

numerical modelling of slope

instabilities must be underpinned by a

good geologi cal model and must be

capable of taking anisotropy into

account.
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