ROUND

ROFILE

No. “

Mont h; APRIL ,1978

NEWSLETTER OF THE DIVISION OF GEOTECHNICAL ENGINEERING
SOUTH AFRICAN INSTITUTION OF CIVIL ENGINEERS







|ROFILE
No. 14

Month ; APRIL , 1978

CONTENTS
CORRESPORDENCE 2
- ACERBIC DENIGRATION &

DIVISIONAL NOTES 6
THESIS TREATS : ABA BRINK 8
MORE THESIS TREATS : ROBERTSON 17
PROFESSIONAL TENDERING 19
WHAT FACTOR OF SAFETY 22
ISSMFE NEWSLETTER 25
TECHNICAL BRIEFS 27
EDITOR i JACK CALDWELL
PUBLISHED BY : The Division of Geotechnical Engineering:

South African Institution of Civil Engineers,

Kelvin House,

Hollard Street,

Johannesburg.
PRINTED BY : The Printing Office,

The University of the Witwatersrand,
1 Jan Smuts Avenue,
Johannesburg.

The editorial content of Ground Profile is chosen, edited and arranged
by the Editor. Views and ideas expressed are those of the person writing
and signing the article. Views and ideas expressed are not those of the
Editor or of the Division of Geotechnical Engineering or of the SAICE.




CORRESPONDENCE

Following on the appearance of an article in the December issue of "Ground Profile”
appraising the recent course held in Durban on Geotechnical Processes, I believe
there are certain points that require clarification.

Whilst I must confess that the essential issues stated in the critical review were
communicated to me before publication, when considered in bold print, the review
may appear somewhat misleading to our readers.

In individual or isolated cases the criticism represents valid comment but certainly
does not reflect the general tone of the course.

Generally, those who took part, gave most generously of the cream of their man-
power as well as their time, hard-won experience, and judging from the
immaculately prepared notes and diagrams (albeit late) of their back-up resources.

The Geotechnical Division is most grateful for the magnificent support it obtained
from all the lectures and participants, and by benefitting from the experience
gained trusts it will be able to serve its members with considerably enhanced
vision.

H. WEBER

Having attended the course on Ground Improvement by Geotechnical Processes
in Durban last November, I read with interest Laurie Thnativ's personal view of the
procecdings published in the January edition of Ground Profile. [Iam glad to see the
principles of free speech and criticism put into practice, and to my mind this is one
of the purposes, and values, of the divisional newsletter.

However, I would like to take Laurie to task on one or two of his remarks.
I believe his criticism of the inclusion of case =tudics on the course was misplaced.
Practising engincers are not school children, required to sit passively and be spoon
fed information which they can then effortlessly apply to future problems. Any
course (or seminar or conference - call it what you will) of the type held in Durban
must necessarily ask of the participants a questioning and selective attitude, and the
presentation of case studies does just that.

The speakers at the course, all practising engineers, at least treated their
listeners as engineers, and did not feed us with simple solutions to what were, and
always will be, complex problems.

TREVOR GIDDINGS



REPLY TO LETTERS

The object of the criticism expressed has been missed. In my view

there are distinct differences between a course, conference and a

seminar. A course, as I see it, is a series of lectures and exercises. w
The course on Ground Improvement by Geotechnical Processes would have

been better titled as a Conference on Ground Improvement by Geotechnical

Processes since this is the manner in which the majority of the pro-

ceedings were presented. The criticism is not aimed at the use of

case histories, which are necessary to a degree, but some of the time

devoted to the case histories could have been better spent in explain-

ing some of the more complex aspects of the processes.

LAURIE TIHNATIV

THIRD INTERNATIONAL CONFERENCE ON APPLICATIONS OF STATISTICS
AND PROBABILITY 1IN - SOIL AND STRUCTURAL ENGINEERING

The third in a series of international conferences will be held

Jan. 29-Feb. 2, 1979, in Sydney, Australia. A wide variety of topics
in this growing field will be treated in 14 sessions. Summaries of
proposed papers (200-300 words long) should be forwarded to: g

- The Cnainuan, ICASP 3, School of Engineering, University of New South
- Wales, P,0, Box 1, Kensington 2033, Australia. Attendance will be
1imited_t6 250. For further details, write the Chairman at the above
address.



ACERBIC DENIGRATION

This is an acerbic comment, not intended for those whose stomach for criticism
is weak. They are adyised to refrain before they begin. Indeed, before
telling my tale I would merely remark on the hysteria aroused by what I
consider constructive geotechnical comment; to say of a writer that he has

no understanding of geotechnical engineering because he points to short-
comings borders on the defamatory and demands public apology.

My tale started with a casual conversation with a former student on a busy
street corner of Braamfontein. He now works for a large public authority.
Some time age, he tells me, his employers had a most unfortunate experience
with Soils Consulting advice. The experience was so bad that the general
attitude, at least in the lower eschelons, is - rather let us do it
properly ourselves than put it out to private concerns.

The official or unofficial attitude of those who make such decisions is not
known but presumably they are not immune from such sentiments. The point
however is that, in my estimation, the former student will himself one day
be in the position to make decisions to grant to or withhold from private
concerns the type of job so gloriously botched.

As a discrete professional engineer he refused me further details. The
jigsaw was completed inadvertently by a friend for a competing firm who,
in an unguarded conversation about the solution of a particular type of
slope stability problem, told me of a particular public authority who had
had an unfortunate experience with such advice.

To go to the heart of the story it would appear from this and a further
coincidental piece of puzzle that members of disciplines closely allied to
the geotechnical profession had given advice on a matter which, in my
opinion, is rightly reserved for engineers in terms of the Government
Gazette No. R3063, notice of 8 August 1969, made in terms of Sec 7(3)(C)
of the Professional Engineers Act 81 of 1968.

As they are employees of a limited liability company this action was not
illegal, however unethical of the discipline's morality it may have been.



Now that the facts were clearer, it became apparent that not only were membe: s
of the allied disciplines at fault in undertaking work for which neither their
training nor experience had rendered them efficient or competent, but that

the public authority deserved to be most severely reprimanded for allowing
such work to Be done by persons not suitably qualified. His inferiors

care not for the details of the truth, they recall only the unfortunate
effects. The damage has been done in young impressionable minds and this may
take years to eradicate.

Then it may not, for another former student who worked his bursary off
with a different public authority assures me that the favourite idle
passtime of his superiors was what was called consultant hunting or
denigration. %

At one time I was prone to doubt the wisdom of closed shop prbfessfona]
trade unfons and viewed with great enthusiasm as much "toenmadering" as
possible. The continual drop and cumulative effects of such isolated
buzz]e pieces is enough however to make one re-evaluate the ideas of one's
more conservative peers who have not espoused with equal enthusiasm the
inclusion of all allied disciplines.

Certainly mutual trust and toleration are required on all sides if emotions
are not to bedevil future relations. A destruction of the credibility

of any one group by work greed, incompetence or non-professional conduct
of some may precipitate a reaction violent enough to give the right wing
forces control, and this will result in an even more regulated closed shop
attitude which, I am sure, can be to the benefit of few.

On re-reading this polemic to see if the persons and events are recognisable
I was surprised to reflect that indeed my vagueness was such that at least
three different isolated events could be construed as falling within the
ambit of the criticism.

As they say, the cap that fits should be worn. I welcome comment fron anyone
who feels they may be included in the target of my remarks, for who knows

what I have seen and heard may be more widespread than I suspect.

JACK  CALDWELL
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ECCA SHALES

Dr. D. Webb will talk in Durban on the Ecca Shales. Date of the
talk is 2nd May. Venue to be announced.

MEMBERS : JOHN WATES

John Anthony Wates graduated from the University of Natal in 1972 after
which he went on to obtain a masters degree in Soil Mechanics whilst
teaching at Natal University.

He joined Frankipile in 1975 as a contracts engineer in Durban and
Richards Bay where he was in charge of contract administration of
which the Richards Bay Iron and Titanium Smelter Works north of
Richards Bay was perhaps the most noteworthy.

John Teft Franki at the end of 1976 in order to attend the Graduate
School of Business at Cape Town University. He obtained the degree of
Master of Business Administration at the end of 1977, apparently
without disgrace,

John has recently moved to Johannesburg where he has joined company

with Jones and Wagener as a geotechnical engineer replacing Peter Stone

who has returned to Australia to take up a position with Longworth & McKenzie
of Sydney, John is primarily involved with design and investigation

of s1imes dams in the Transvaal and Orange Free State.

LIST OF MEMBERS

A 1imited number of copies of the List of Members and Statutes 1977
of the International Society for Soil Mechanics and Foundation
Engineering is available from the Secretary of the Division,

P,0. Box 8856, Johannesburg, 20001



THE AIMS OF THE GEOTECHNICAL DIVISION

In attempting recently to define the aim of the Geotechnical Division
the following was written:

"The aim of the Division is to promote co-operation amongst
scientists and engineers and to encourage the interchange of
knowledge and ideas, to disseminate the results of research
work or innovative construction techniques in the field of
sofl mechanics and foundation engineering, and to foster the
application of safe, economic, practical and modern geotechnical
methods in South Africa."

It would be of interest to hear some comment from readers about other
possible formulations of what they may consider should be the aims of
the Division.
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THESIS TREATS

Dr. A.B.A. Brink was awarded the degree of Doctor of Science for his thesis
entitled "On the significance of Stratigraphy in the Prediction of the
Engineering Behaviour of Soils and Rocks in Southern Africa".

In order to indicate to the geotechnical fraternity the worth and interest
of a volume that is not freely available the synopsis of the thesis is
published in this issue.

A serious attempt is to be made to produce the thesis in book form.

If the book is to be that more valuable Dr. Brink requires as much additional
information and data as possible. Therefore members who are able to assist

by providing records or reports of investigations or designs that may serve
to expand the thesis are invited to send the same to the author, A.B.A, Brink,
P.0, Box 67193, Bryanston, 2021.

The object of this thesis is to demonstrate that a knowledge
7 of the stratigraphic untt occupying a site provides a basis
for making broad generalisations regarding 1ikely terrain and
foundation conditions which may be used to advantage in designing a
relevant site investigation programme. Stated simply: very different
exploration programmes would be designed for a house on Orange Grove
quartzite and a dam on Transvaal dolomite.

If climate as well as stratigrAphy, is taken into account we may recog-
nise a regional stratigraphic unit and achieve a higher level of gener-
alisation which will lead to more accurate predictions being made re-
garding the likely engineering properties of the local rocks and soils.
Subdivision of the regional stratigraphic unit into land patterms, and
of Tand patterns into their constitutent land facets, represent yet
further advances from lower to higher levels of generalisation. Apart
from specific case histories, however, it is the regicnal stratigraphic
unit that is édopted as the main level of discussion throughout most of
the thesis.

The importance of the correct identification of the origin of each hori-
zon of the soil profile during site investigation work is emphasised as
this, too, may lead to meaningful predictions regarﬂing the enqineerﬁnq
behaviour of the soil. The significance of the rebiie murk.» as an aid
to the correct identification of soil origin is also emphasised.



The introductory chapter concludes with a number of very broad generali-
sations about the typical forms of the soil profile in Southern Africa
and the environmental factors responsible for their development.

Attention is drawn to the engineering significance of the
2 great lithological variability within the ancient metamorphic
bodies of the Basement-complex. The characteristics of resi-
dual soils formed by the 7w situ decomposition of these metamorphic
rocks are discussed for the four most significant lithological types,
viz. 'greenstones', mica schists, phyllites and metagabbros.

Residual greenstones,* where they have been preser&ed on remnants of
the African erosion surface on the margin of the Johannesburg-Pretoria
granite inlier, are represented by deep soils which display both potenF
tially expansive and highly compressible characteristics.

The same is true of the residual mica schists of the Zambian Copperbelt.
In addition, owing to the preferred orientation of mica particles within
these soils, they exhibit anistropic properties.

Residual phyllites in Rhodesia again have somewhat similar characteris-
tics though of a much more variable nature, even within an individual
soil profile. Problems of differential movement of structures founded
on these soils are thus magnified.

The metagabbros of Salisbury, Rhodesia, produce deep, highly Teached
residual soils below well-drained slopes, and relatively shallow black
plastic clays in situations of impeded dra‘inage. Foundation conditions
for medium- and high-rise buildings are nevertheless more favourable on
the metagabbros than on the phyllites.

Case histories deal with the successful choice of foundation type for

a brewery on residual mica schist in Ndola, Zambia, and with the crack-
ing of buildings built on residual phyllite at a school in Bulawayo,
Rhodesia.
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Granite-gneiss of the Basement-complex is resistant to weather-
3 ing in the arid parts of the subcontinent. In the more humid

parts, however, and specifically in areas of annual water
surplus,it decomposes to produce deep residual soils which exhibit a

i

collapsibis grain stoucture. This condition results from the Teaching
out of kaolinite formed by the hydration of alkali felspars. The local
presence of the condition may be predicted from a study of topographic
maps and aerial photographs and from simple field tests. Assessment of
the degree of severity of the condition (‘collapse potential') involves
laboratory testing including the double cedometer test. Practical
solutions to founding on these soils include different types of piled
foundations, suspension of small monglithic structures on three founda-
tion pads, or excavation of the soil and replacement in a compacted
condition. A case history describes the tilting of an elevated water
tower as a result of inundation of the soil and consequent collapse of
the grain structure under two of the column footings, and rectification
of the tilt by inundating the soil beneath the other two footings.

In certain types of granite-gneiss, for example in part of the Johannes-
burg-Pretoria inlier, large blocks of rock remain unweathered though
they are surrounded by residual soil which may exhibit a collapsible
grain structure. It is argued that the presence of microcline as the
main felspar in these core-stones may play a more significant role in
their preservation from chemical decomposition than has hitherto been
recognised. The presence of core-stones within the residual soil may
present special engineering problems, particularly in relation to exca-
vaticn and to the founding of heavy structures.

A residual granite soil which has developed a collapsible grain struct-
ure has a grading such that it does not constitute a filter within
itself. Fine particles may be washed out from between the coarser
particles in situations where there is a sufficient hydraulic gradient,
and paeudoker:i phencmena, such as the development of 'sinkholes', may
result. A case history describes how various remedial measures faijled
to restore a small 'leidam’' in the Eastern Transvaal which was leaking
as a result of the development of pseudokarst features, and how the dam
was eventually abandoned as irreparable. '



Although exposures of ithe “twzturerand Systerm are of limited
4 extent, most of the towns [ tha {eptral Hitwatersrand, in-
cluding Johannesburg, are situated largely upon this strati-
graphic unit. Excellent examples of stratigraphic constraints on engi-
neering construction and other types of develcpment are also afforded by
the nature of the strata comprising this system. Consequently two
fairly lengthy chapters are devoted to the Hitwatersrand System.

It is shown that the rocks and associated residual soils of the Lower
Division of the system are for the most part relatively competent and
inert. However, the juxtaposition of hard quartzites and banded iron-
stones with softer shales and decomposed intrusives, even within the

" confines of a single building site, poses special foundation problems.
Related problems arise from the need to provide Tateral support for deep
basement-excavations in these strata and consideration is given to the
various techniques of support which have been successfully applied in
the city of Johannesburg. Two case histories deal with unusual solu-
tions of this problem.

Engineering problems associated with the Upper Division of the
5 Witwatersrand System are largely confined to subsidence of the

surface as a result of stope closure in undermined areas, and
the propogation of earth-tremors emanating from the release of stresses
in the hanging-wall strata. It is shown that surface subsidence and
consequent damage to structures can take place even in areas where the
depth of undermining is of the order of a thousand metres beiow the
surface, though the problems are naturally more severe where the depth
of undermining is shallow. Restrictions which are imposed on develop-
ment in undermined areas are consequently more rigorous in areas of
shallow undermining.

Among the factors influencing mining subs%dence are the strength and the
deformation characteristics of rock constituting the hanging wall, the
effect of underground pillars of unmined ore, the development of a
fracture-zone around mine openings, the nature and the disposition of
dykes and faults and the mining technigues employed. It is shown that
four types of mining subsidence are experienced on the Central Rand,
viz. the development of 'sinkholes' where excavations of ore at the
outcrop have been subsequently filled with soil or rubble, subsidence
accompanying the development of underaround caverns hv the 'friftering’

11
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of incompetent strata in the hanging wall, subsidence related to the
development of tension-fractures in the hanging wall and subsidence due
td norma) stope closure. Examples of each of these types of subsidence
are recoraed in four case histories. Two further case histories deal
with differential distorticns in the settlement pattern produced by the
presence of dykes.

Statistical evidence shows that earth-tremors experienced on the Central
Rand are directly related to mining activity. The tremors do not pose
any direct constraint on the erection of highfrise buildings on the
foot-wall strata. A case history describes the structural damage suffer-
ed by a four-storey building located in an unfavourable situation in
relation to the disposition of dykes and faults.

Exposures of the Ventersdorp lavas fall into three distinct
6 climatic zones and the engineering problems to be anticipated
with the rocks and the residual soils of each zone may be
predicted from the identification of the regional stratigraphic units so
defined.

In the semi-arid zone which receives less than 500 mm of rainfall per

“annum there is little development of residual soils and these are

usually cemented by calcrete. The presence of soft pockets of pyroclas-
tic materials within the lavas may, however, present foundation problems
in heavily loaded structures.

In the sub-humid dry zone which receives an annual precipitation in the

range 500 to 750 mm, chemical decomposition of the lava has proceeded as
far as the stage of development of clay-minerals of the smectite groun
and problems of heave may be expected.

In the small sub-humid moist zone confined to the Johannesburg graben,
annual precipitation exceeds 750 mm and the residual soils developed on
the lavas are deep, highly leached, and characterised by the presence of
kaolinite clay-in the upper horizons of the soil profile. They are
compressible soils with an unusually high coefficient of consolidation.
Three case histories relating to this zone deal respectively with the
choice of foundation design for a heavily loaded structure, the occcur-
rence of frost-heave in the soils beneath a cold-storage warehouse, and
buildings straddling the faulted contact between soft residual lavas and
the hard Hospital Hill quartzite.



The most problematical terrain from the engineer's viewpoint
7 is that associated with the Black Reef and the Dolomite Series
of the Transvaal System. It is shown that the occurrence of
highly compressible »27 within these formations is largely related to
stratigraphic controls.

An historical record of engineering problems associated with karst
phenomena in the Transvaal dolomites culminates with a detailed account
of the accelerated development of sinkholes and dolinzc in the Far West
Rand during the past two decades. It is concluded that the accelerated
development of conditions giving rise to various types of surface subsi-
dence in the Far West Rand is directly related to the artificial Tower-
ing of the water-table in this area by pumping from mine shafts. A case
is made for the writer's contention ‘that the water-table must be regard-
ed as the base level of subsurface erosion in dolomite terrain, and
mechanisms are proposed for the development of sinkholes and dolines.

It is also contended that Zarge sinkholes (more than 45 m in diameter
and more than 30 m deep) are not the product of successive collapse of
'multiple arches' as has been proposed hy‘a number of workers.

Attemps at delineation of areas of potential sinkhole and doline devel-
opment by means of geophysical exploration are discussed and it is
concluded that the gravity survey, in spite of its limitations, is the
most promising of the available techniques. However three different
dolomitic terrain conditions are recognised, each requiring a different
interpretation of gravitmetric findings, viz. areas in which the water-
table is artificially lowered, areas in which the water-table is static
and at shallow depth, and areas in which the water-table is static and
deep.

Measures for the protection of engineering structures on dolomite are
briefly discussed but it is concluded that prevention of the problem is
safer and less costly than protection. ‘On the more positive side, the
advantageous uses of dolomite as a construction material are discussed,
and the rock is particularly praised for its effectiveness as an aggre-
gate in the manufacture of concrete SeweF pipes.

A case history concerning the foundations for the laraest complex of

silos in Africa, records the timeous discovery of the presence of wad
within the stratigraphic sequence of -the Black Reef Series.

13
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A further case history deals with the differential settlements observed
in kilns at a brickworks situated on a Karoo outlier in the Bank Com-
bartment of the Far West Rand: it is shown that these settlements were
due to consolidation accompanying the drainiﬁg of an irregular mass of
wad below the Karoo outlier.

As a general rule it may be stated that the sedimentary rocks
8 of the Pretoria Series provide good founding conditions for
most types of structures. Exceptions to this rule concern the
expansive characteristics of a 'stratum' of residual shale within the
Magaliesberg Stage and the collapsible grain structure which has been
observed in a 'stratum' of residual felspathic quartzite also within the
Magaliesberg Stage. There seems to be some evidence of stratigraphic
controls in both cases, but the evidence is not regarded as irrefutable.

Residual soils developed on the Ongeluk lavas of the Daspoort Stage
often display expansive characteristics. The lavas are characterised by
the extreme variability in the depth and the degree of decomposition
over relatively short distances. This phenomenon is thought to be
associated with variability in joint spacing in the parent-rock.

Expansive soils are also commonly associated with decomposed
9 diabase sills and dykes of the intrusive phase of the Bushveld

Complex. Local hydromorphic effects associated with topogra-
phic depressions and natural drainage courses appear to increase the
probiem. The deleterious effects of differential movement are reflected
particularly in structures straddling the contact between residual
diabase sills and the Pretoria shales into which they are intrusive. A
case history describes the simple remedy adopted in the construction of
a church building in such a situation.

The stability of excavations in residual diabase is often problemdatical,
whether in tunnels or in open cut. A case history describes the stabi-
lity problems encountered in the excavation for a reservoir in a decom-
posed sill in a particularly unfavourable situation where the residual
diabase was being squeezed out under the Toad of the overlying mountain
range of Magaliesberg quartzite.
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The most-highly expansive soils in South Africa are the black
10 subtropical clays developed as residual soils on the mafic
rocks of the Bushveld Complex. A comparison of indicator
properties of these soils with those of similar black clays elsewhere in
Africa shows, indeed, that the Bushveld clays rank amongst the worst on
the continent.

Experimental work carried out by the CSIR suggests that there may be
simple and effective means of overcoming the heave problems in roads

that are to be built on these soils. Removal of natural vegetation from
the soils well in advance of road construction inhibits the desiccating
effects of transpiration. Likewise the desiccating effects of evapora-
tion can be countered by covering the area in advance with an impermeable
membrane or, better still, with a thin cover of sand.  Pre-treatment of
the surface by methods such as these may therefore result in a wetting

up of the soil and consequent dissipation of heave in advance of road
construction.

Seven characteristic types of soil profile have been found to recur in
the terrain underlain by norites and gabbros, at least in the southern
part of the Bushveld complex. Generalised soil profiles are given for
each of them, together with a discussion of the topographic and litho-
logical controls responsible for their development. Airphoto inter-
pretation has proved to be an effective and rapid means of delineation
of these recurrent soil profile types. ;

The mafic rocks of the Bushveld Complex provide a useful source of
natural building stones and concrete aggegates. The locations of exist-
ing quarries for these materials suggests the possibility of a 'pseudo-
stratigraphic' control,

The use of Karoo sandstones as coarse aggregate in concrete,

71 and of sands derived from the sedimentary rocks of the Karoo
[ System as fine aggregate, often results in defective construc-
tion which manifests itself in four different ways, viz. deflection of
reinforced concrete members, development of cracks coincident with re-
inforeing steel, corrosion of reinforcement and surface crazing. A
research programme in which the writer participated during the early
1950"s revealed that these phenomena were all produced by excessive
shrinkage of the aggregates during the curing period of the concrete.

15



While the presence of clay-minerals with an expanding lattice was shown
to be a contributory factor to the problem in the case of some of the
saﬁdstones, it was subsequently found that a more significant factor was
the unusually high internal surface-area of the sandstones known toc give
rise to the problem. In addition the shrinking aggregates possess an
unusually Tow modulus of elasticity.

A case-history describes the deflections which were observed in a bridge
which had been made from concrete in which dolerite had been used as the
coarse aggregate and local river sand derived from Karoo rocks as the
fine aggregate.

In spite of the poor performance of many of the sandstones when incor-
porated in concrete, Karoo sandstones have been widely and successfully
used as natural building stones in many parts of Southern Africa. i
However, in the more highly porous varieties of Karoo sandstone, the
hydration of salts within the pores may generate stresses in excess of
the tensile strength of the rock and this can result in disintegration.

The thesis is summarised in the final chapter and it is con-
12 cluded that a knowledge of the local stratigraphy (preferably

together with a2 knowledge of the local climatic environment
and the geomorphological history) at any site where an engineering
structure is to be built, will act as a means of prediction of the
specific nature of the engineering properties of the rocks and the soils
which are likely to be encountered at the site. This knowledge may be
Qsed to advantage in designing the most effective programme of site
exploration for a specific structure at a specific site.




MORE THESIS TREATS

Andy Robertson was awarded his Ph D for a thesis entitled "The Determination
of the Stability of Slopes in Joined Rock with Particular Reference to the
Determination of Strength Parameters and Mechanisms of Failure".

He, too is to be congratulated on this production. The abstract of the thesis

follows:

Rock slope stability is controlled mainly by the presence anﬂ
nature of the mechanical discontinuities (which are referred to
collectively in this thesis as joins, not joints, for reasons
given in sub-section 1.1.3) in the rock mass in which the slope
is formed. Stability analysis can-only be éttempted once these
have been identified iﬁ the field, measured and statistically
processed so-that-tﬁey may be descfibe& in. a quantitative manner
and their Shearing strength determined. Analysis.tequires an
understanding of the modes of failure, the stréngths which are
effective on the failure surfaces, and the forces bringing about
failure.

This thesis describes a method of join data processing which
enables average join and join set characteristics to be extracted
“from a set of join survey data. In the process the rock mass is
divided into structural regions in which the averagéjoincharac~
teristics and distribution, as these relate to shear behaviour,
are statistically similar. Join characteristics are described
in a quantitative or semi-quantitative manner so that the effect
on strength of each characteristic way be allowed for.

The effect on join strength of each pertiment join feature
is investipgated, and a system proposed which permits the join
strength to be estimated from the combination of these features
with a minimum of laboratcry and field testihg. Intact rock
strength is reviewed.

Mechanisms of failure through a rock mass are considered, and
the stepped failure surface, in which the failure surface steps
from join to join alomg joins of another set or through intact

material, is described. Continuity of join surface along such a

failure surface is investigated and equations developed which
yield the proportions of the various types of surface (join or
intact material failing either in shear or tension) which com= 17

bine to form the failure surface.
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Informatien relating to the mobilization of strength on a
failure surface formed through both intact material and along
join surfaces is reviewed. Equations, to describe such failure

strength, are formulated.

The importance of pore water pressures to slope stability is
recognised. Characteristics of flow through rock masses are
enumierated and methods of pore water pressure determination conm=
sidered. A method of fitting a Flow net to a number of known
piezometric head positions is described. Pore water pressure
effects are included in the strength equations for failure sur-
faces of both the plane and stepped type.

Rock slopes may fail in a number of different modes and some
of thesc are reviewed. Some of the aspectsof stability analysis
by the slices method of analysis are investigated. The depth of
cracking which yields the minimum factor of safety by any parti-
cular analysis method is determined, and the effect of water
pressures in the crack included in the analysis. Implications
of the assumptions made in some of the more simplified amalysis
methods are investigated.

Since the development work described in this thesis was
largely directed at solving the particular problem of the
stability of the side slopes of the De Beers Mine, a description
of the particular features of this mine is included. The side
slopus ot the De Beers and adjacent mines have adjusted them~
selves to a state of limiting equilibrium over periods of up to
eighty years and reproseat full scale models aginst which the
results of the analycis may be checked. Results for De Beers

Mine are presentcd thiroughout the thesis.




PROFESSIONAL, TENDERING

In terms of Section (k) of the Code of Professional Conduct, as made under the
Professional Engineers Act 81 of 1968 a professional engineer shall not submit
priced proposals under cenditions that constitute price competition for
professional consulting services. The crucial part of this requirement is that
the professional engineer has to decide for himself what conditions constitute
price competition. Each and every professional engineer is frequently

approached by large firms, other consulting organisations or public authorities
or clients of a diverse nature who request that the professional engineer provide
them with a price for a particular job.

This is particularly so in the case of geotechnical engineers and it is not
infrequently that one is approached for a price to do a job. At this particular
stage one is well aware of the fact that in a sense one is tendering. While
no formal tender proposals have gone out and no formal documents issued, it

is clear from past experience that the person requesting the price has in fact
phoned a number of other persons doing similar work and who are prepared,
similarly, to give prices. Moreover, one is well aware of the fact that in

a time of a relative paucity of what may be called traditional soil mechanics
and foundation engineering work there are many firms and orgamisations, be
they consulting practices or be they professional groups or be they limited
liability companies who are prepared to undertake this work and who are
prepared to cut at the drop of a hat the price given. Does the professional
engineer who in such instances, quotes a price, violate the provisions of
Section (k)?

Recently I had an opportunity to talk with a very senior member of the civil
engineering profession who has spent many years asza private consultant on a
wide diversity of jobs. His opinion was most emphatic that under no circum—
stances and at no time ever should a professional engineer provide a price
to a client. The rationale behind his thinking was of course that when once
the client undertakes to employ a professional,he accepts that the services
which he will be getting are done efficiently and competently and that the
professional engineer will do only that which is necessary for the success-
ful completion of the job. Moreover, the senior engineer to whom I spoke
felt that a quoted price, if it were to be proved insufficient, would
hamstrlng the professional engineer in the successful completlon of the job
in an efficient and competent manner.

Noble and, it is submitted, correct as these sentiments are, they do not take
account of modern conditions and the truth of competing firms in a sinking
market of opportunities. Moreover, it is unfair to expect most clients to
accept what would amount to no more than a complete open cheque when they give
a brief to a prefessional person to do certain design or investigation. There
must be, it is agreed, some limit to the cost of a job, The client must have
some way of budgeting and he must have some way of insuring that the costs do
not become excessive in order simply that the professional instinct of the
engineer whom he employs may be satisfied.

These arguments are easy to accept and there is no doubt that the system will
work most adequately and most competently in a situation where, for example,
a steel frame structure has to be designed and the erection thereof super—
vised. It is not contended that there are no unknowns in the design of such
a structure, nor is it contended that the unforeseen may not and has a
reasonable likelihood of occurring; mnevertheless, it must be acknowledged
that the range of possible unforeseen circumstances associated with such a
structure is relatively small by comparison with the range of unforeseen
circumstances and conditions which deo regularly, on a day to day basis, occur
in geotechnical design and investigation situations.
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