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EDITORIAL

The first issue of Ground Profile, then called merely the
Division Newsletter, was but four pages long. By a process
of self generating enthusiasm i t  has grown over some five
years to  the glossy covered, twenty and more pages of  the
present issue.

Ground Profile is  now sufficiently widely read to  generate
criticism when i t  indulges in  criticism and to  evoke serious
discussion of  i t ' s  contents. I t  has been branded with the
nickname "Caldwell's "Rag" - a compliment, I think, although
probably not intended as such.

During the time I have edited i t  the newsletter has come out
erratically depending on my own work load, ability to  gather
articles or  pen seme of  the rag needed to  fi l l  the pages, but
the aimed for quarterly issues have appeared. Now the time
has come that my work takes me for a year to  America and so
others must shoulder the fun  of  producing future issues.

I t  is  a good time to  change editors and editorial- style.
Sane of  the criticism of  what I wrote was becoming hot to
handle. The editorial content was reflecting too much my
own interests and quirks. A broader spectrum of  contributors
is  required and a wider spread of  editors and ideas needed.

John Wates, who in the past has helped much and contributed
well to  Ground Profile, will coordinate a new team.
Trevor Giddings from Cape Town is  the member of  the
Geotechnical Division Cantnittee who will do work and con-
tribute from the Mother City. Others will join John as
suitable arrangements are made. Undoubtedly they will
expand the scope and sphere of  the newsletter, hopefully
make i t  more sober, and take i t  on to  represent the
changing ideas, activities and aspirations of  South African
Geotechnical Engineers.

I would like .finally to  thank those who initiated Ground
Profile, encouraged me to  keep i t  going, complimented me
on production, improved and taught me by correction and who
contributed in  so  rteny ways, to  making Ground Profile the
Division Newsletter.

JACK CALDWELL



Since the introduction of reinforced earth to
Southern Africa in 1976 *structure* with surface
areas totalling more than 22 000 m2 have been
erected and a further 11 000 m2 are currently
under construction.

Reinforced Earth
the practical solution

A

Right: Reinforced earth abutments
support a recently placed bridge deck
near Rietspruit Colliery.

Below: In the foreground further abut-
ments under construction.

Bridge abutments are an ideal application for
reinforced earth. The deck sits on a reinforced concrete
distribution beam which in  turn sits on the reinforced
earth mass. Advantages are -
• On poor foundations the need for piling is eliminated.

e For simply supported or single span decks the
transition from flexible approach ramp to flexible
abutment is a smooth one.

• A very rapid rate of construction is possible with
approach embankments being constructed
simultaneously with the abutment.

• All work takes place from the back of the panels, this
is a considerable advantage when access is limited.

Fortuna 4th Street Wynberg Sanction
PO Box 376 Bergvlei 2012 Tvl
Telex 8-0148 Telephone 786-8480

REINFORCED EARTH (PTY) LTD.

Contact us for the solution to your problem.
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CIV IL  AND STRUCTURAL ENGINEERS

Consu l t i ng  C i v i l  Eng inee rs  r equ i re  t he  f o l l ow ing  s ta f f :

( i ) Sen io r  C i v i l  o r  S t ruc tu ra l  Eng inee rs  w i th  a minimum
o f  10  yea rs  expe r i ence  i n  the des ign  o f  s t r uc tu res .

( i i ) C i v i l  o r  S t ruc tu ra l  Eng inee rs  wi th  a minimum o f
5 years  expe r i ence  i n  the  des ign  o f  r e i n fo r ced
conc re te  and s tee l  s t r uc tu res .

( i i i ) C iv i l  Eng inee rs  w i t h  a minimum o f  5 years  expe r i ence
fo r  the  pos t  o f  Res iden t  Eng inee r  on  an Ear thworks
con t rac t  nea r  Johannesburg .

Fo r  de ta i l s  p l ease  con tac t  Mess rs .  Nu t t  o r  Ne f f  a t  37 -3633

JONES & WAGENER INC .
Consu l t i ng  C iu i l  Eng inee rs
9 th  F loo r ,  Europa House
32 P le in  S t ree t
JOHANNESBURG

CODE OF PRACTICE FOR LATERAL SUPPORT IN
SURFACE EXCAVATIONS (1972 )

I n  t he  l i gh t  o f  advances made i n  t he  f i e l d  o f  Ground
Anchors  s i nce  the  above Code was pub l i shed  t he
Geo techn i ca l  D i v i s i on  i s  cons ide r i ng  a r ev i s i on  o f
t ha t  sec t i on  o f  t he  Code wh ich  dea l s  w i th  Ground
Ancho rs .  I f  any members o f  t he  P ro fess ion  have
comments to  make on  t he  sub jec t  t hese  a re  t o  be
add ressed  t o  t he  Geo techn i ca l  D i v i s i on ,  c/o Ke l v i n
House,  P .O .  Box 61019,  Ma rsha l l t own .  2107

F .  WAGENER
CHAIRMAN
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The Geotechnical Division SAICE, Association of Engineering
Geologists and the National Building Research Insitute present:

GEOLOGY AND ENGINEERING

A course on the significance of the engineering characteristics
of the various geological formations encountered in Southern
Africa in the construction industry.

PRETORIA 21 - 24 MAY 1979

Members of the Geotechnical Division with long memories will
recall the early issued of "Down to Earth" (1956-7) which
featured on the back page a series "Problems that may be
associated with the geological formations on your site" by
A.B.A. (Tony) Brink. These valuable notes on the engineering
behaviour of the different geological strata were carefully
stored and treasured. Over the years, friends and colleagues
tried to persuade Tony to expand these notes and present
them in more permanent form . Their pleas were not entirely
discarded and in 1977 the University of Pretoria awarded a
Ph.D. to Dr. Brink for his thesis, "The engineering significance
of the stratigraphic sequence in the Transvaal." Here was a
vast amount of information in not quite a readily assimiliable
form, but of outstanding value to the privileged few who
have obtained copies of the thesis.

This was an opportunity that could not be missed and therefore
the Geotechnical Division and the AEG agreed jointly to sponsor
Dr. Brink so that he could produce a definitive work on the
engineering properties of the geological formations of Southern
Africa. Volume One which covers the lower half of the stratigraphic
column will be published in late April - early May, 1979.

Course content

It has been decided to launch this volume by holding a course
covering the theme of the book. The programme shows how the
course sessions will cover the whole stratigraphic column
and allow you to become conversant with the new stratigraphic
nomenclature for Southern Africa. Each session will be
introduced by a Session Leader who will then call upon others
to contribute to the knowledge of the engineering behaviour
of the particular formation under discussion by way of case
histories. It is hoped that many of you will add to the store
of knowledge by presenting short case histories from your own
experience. These need not be long papers or reports; in
fact we would prefer short ( 5 minutes) statements, suitably
illustrated by slides or diagrams, stating the formation,
the problem and its cause and of course recommended procedures
for recognising and avoiding the problem in future. In order
to enable the Session Leaders to plan their presentation we
need early notice of your intention to contribute, and we would
appreciate it if you could fill in the attached questionnaire
and return it as soon as possible, but not later than 7 th
February, 1979, Even if you are one of those who are only going
to listen and learn, please fill in the questionnaire and return
it to us by the closing date so that we can plan accordingly.

/ 2 . . .
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T r anspo r t

The cou rse  w i l l  be  he ld  a t  t he  CSIR Con fe rence  Cen t re  >
Sc ien t i a ,  and  we wou ld  r equ i re  de lega tes  t o  p rov ide  t he i r
own t r anspo r t  t o  and  f r om the  Con fe rence  Cen t re  un less
the re  i s  su f f i c i en t  demand f o r  a bus  se rv i ce .

Reg i s t r a t i on  Fees

The reg i s t r a t i on  f ees  w i l l  cove r  t he  cos t  o f  Volume One
o f  Geology and Eng inee r i ng  by D r .  A .B .A  B r i nk ,  l unches
and t eas  f o r  t he  t h ree  days  o f  t he  cou rse ,  t he  cock ta i l
pa r t y  on t he  f i r s t  day and  any  supp lemen ta ry  no tes  wh i ch
may be  i s sued .  The reg i s t r a t i on  f ee  w i l l  be R90 w i t h  a
spec ia l  a l l owance  f o r  s t uden ts  o f  R50, o r  R25 w i thou t
Volume One.

Pos t -Cou rse  Tou r

I t  was i n t ended  t o  ho ld  a one-day  t ou r  o f  t he  a rea  f r om
Pre to r i a  t o  Pa rys  where a number o f  exposu res ,  s i nkho les
e t c . ,  cou ld  be  v i ewed  in  t he  s t r a ta  desc r i bed  in  Volume One.
However,  t he  pub l i c  ho l i day  f o r ced  t he  course  to  be  he ld
f rom 21  to  23 Flay and t he  t ou r  i s  now o f f e red  as  an op t i ona l
ex t ra  on Thursday  24 Flay. The cos t  o f  t he  tour  w i l l  be  R10 -00 ,
P lease  i nd i ca te  on  you r  rep ly  whe the r  you  w i l l  be go ing  on
the  t ou r .

A l l  r ep l i es  t o  be  sen t  t o  G.UJ. Dona ldson ,  Geology and  Eng inee r i ng ,
Geo techn i ca l  D i v i s i on ,  NBRI ,  P .O .  Box 395 ,  P re to r i a ,  0001 .

GEOLOGY AND ENGINEERING
CSIR Con fe rence  Cen t re ,  P re to r i a

1979
Monday
21s t  Hay Sess ion Time

OShOO - 09h00 Reg i s t r a t i on
09h00 - 09h45 Open ing

TS 1 09h45 - 10h30 New s t r a t i g raph i c  nomenc la tu re
10h30  - l l hOO Tea

TS 2 l lhOO - l lh45 Sou the rn  A f r i can  geomorpho logy
TS 3 l lh45  - 12h30 Basement comp lex  me tamorph i c

bod ies  .
12h30  - 14h00 Lunch

TS 4 14h00  - 14h40 Basement comp lex  g ran i t es
TS 5 14h40  - 15h45 Wi twa te rs rand  Supe rg roup

15h45  - 16h l5 Tea
TS 6 16h l5  - 17h00 Ven te rsdo rp  Supe rg roup

17h l5  - 18h30 Cock ta i l  Pa r t y
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Tuesday
22 May Session Time

TS 7 08630 - 10600 Dolomites
10600 —10630 Tes

TS 8 10630 —11630 Dolomites continued
TS 9 11630 12h30 Pretoria Group

Rustenburg Layered Suite
Rooiberg Group
Diabases

12h30 —14600 Lunch
TS 10 14600 15600 Bushveld Granites

Soutpansberg Group
Waterberg Group
Damara Sequence

15600 —15630 Tea
TS 11 15600 —17630 Malmesburg Group

Cape Granite
Cape Supergroup

Wednesday
23 Hay TS 12 08h30 - lOhOO Karoo Supergroup and Karoo

Dolerites
10h00 —10h30 Tea

TS 13 10630 - llh30 Karoo Supergroup and Karoo
Dolerites continued

TS 14 11630 —12600 Cretacious
TS IS 12600 - 12h30 Tertiary

12630 —14600 Lunch
TS 16 14600 —15630 Transported materials

15600 —16h00 Tea
TS 17 16600 - 16645 Pedogenic materials

16645 —17600 Closure

While the content of the course is aimed at geotechnical engineers
and engineering geologists in the first place, it should prove
of great value to all civil and road engineers who have to deal
with projects requiring geological and soils information.

Every member of the Division received a preliminary notice
setting out details of this course which will take
participants through the stratigraphic sequence,
highlighting the engineering characteristics of the
various geological formations in Southern Africa. The
preliminary registration and offers of contributions
was most gratifying. The second brochure and final
registration forms are now being mailed to those who
indicated that they wished to attend. If you missed
out on the preliminary replies but still wish to
attend, please apply now for the brochure and
registration form to G.W. Donaldson, Geotechnical
Division, NBRI, P.O. Box 395, Pretoria.

There will be a penalty for late registration,
after 30th April, 1979.



LETTERS TO THE EDITOR ’’GROUND PROFILE

I am most concerned about the tone of the article "Geotechnical
Engineers and Tailings Dams : The Bafokeng Aftermath", which
appeared on Page 14 in Ground Profile No. 17, December, 1978,
and in particular by the comments made about the research and
reports with which I was associated. The criticisms do not
accord with the facts of the situation as recorded in project
reports and correspondence. Furthermore, in the 20 years since
it was published, the report as been accepted as setting out
the basic principles for tailings dam design in many countries.
One could reply to each point in detail but I would rather not
enter a lengthy debate and would simply request that in future
your contributors should establish their facts before their
enthusiasm leads them into making unsubstantiated comments.

GEORGE DONALDSON

SITE INVESTIGATION

Following on the articles in the August issue of Ground Profile
and Gary Jones letter in the December issue, you have asked for
an expression of views regarding ways of improving the execution
of geotechnical site investigations in South Africa.

While I do agree that the current system for carrying out
geotechnical investigations is unsatisfactory, I am not at all
sure that the formation of a committee to examine the situation
is likely to lead to any worthwhile results. Whatever such a
committee may recommend, it is unlikely that site investigation
practices will be improved unless Clients are convinced that
they will receive better results under the new system than
currently.

The geotechnical investigator’s immediate Client, the principal
Consulting Engineer, will want to know that he is getting the
maximum necessary information as reliably as possible, while
the ultimate Client, the owner/developer, will want to be assured
that he is getting the maximum value for his total investment
including the costs of the site investigation. In my opinion,
it is up to the individual geotechnical engineer to demonstrate
to his Client that a more thorough investigation, which may cost
more than the "usual" amount, is justified by the improved results
obtained and probable construction cost savings.

The actual degree of detail and sophistication involved in the
geotechnical investigation obviously depends on the particular
requirements of the specific project, both as regards the
generally observable conditions on the site and the importance
of the geotechnical factors in the project design. If specific
guidence is needed, existing manuals such as British Standard
CP2001: Site Investigations, or ASCE Manual No. 56: Subsurface
Investigation for Design and Construction of Foundations of
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Bu i l d i ngs ,  and even  t he  (D ra f t )  TRH 2 o f  t he  NITRR:
Geo techn i ca l  and  So i l  Eng inee r i ng  Mapp ing  f o r  Roads and
the  S to rage  o f  Ma te r i a l s  Da ta ,  a re  ava i l ab le  f o r  r e fe rence .

Rega rd ing  ac t i on  to  be t aken  by t he  D iv i s ion  o f  Geo techn i ca l
Eng inee r i ng ,  I cons ide r  t ha t  pub l i c  d i scuss ion  shou ld  con t i nue
fo r  Geo techn i ca l  eng inee rs  t o  imp ress  on  o the r  eng inee rs  and
on t he i r  C l i en t s  the impor tance  o f  p rope r l y  p l anned  and
execu ted  s i t e  i nves t i ga t i ons .  Bu t  ano the r  commi t t ee  - No.  .'

R . J .  SCHEURENBERG,

ASSOCIAZIONE GEOTECHNICA ITALIANS

INTERNATIONAL SYMPOSIUM ON THE GEOTECHNICS OF
STRUCTURALLY COMPLEX FORMATIONS: SEPTEMBER, 1977

Two vo lumes o f  t he  p roceed ings  o f  t h i s  symposium t oge the r
w i t h  a comp lemen ta ry  vo lume on complex f o rma t i ons  p repa red
by I t a l i an  Con t rac to rs  a re  nou ava i l ab le  f r om

LITHO DELTA
VIA BALDO DEGLI UBALOI N .  6
20156 - MILANO
ITALY

Themes d i scussed  conce rn  t he  o r i g i n  and  t he  p rocess  l ead ing
to deve lopment  o f  s t r uc tu ra l l y  comp lex  f o rma t i ons ,  t echn iques
Ǐ f  exp lo ra t i on ,  samp l i ng ,  l abo ra to r y  and  in -s i tu  t es t i ng ,
behav iou r  o f  s l opes  and behav iou r  o f  Eng inee r i ng  s t r uc tu res .

Remi t t ances  shou ld  accompany your  o rde r  and  shou ld  be  payab le
to LITHO DELTA. The cos t  o f  t he  vo lumes i s  as  f o l l ows :

90  000 I t a l i an  L i r as

fo r  o rde r  r ece i ved  be fo re  May 31s t ,  1979 .

110  000 I t a l i an  L i r es
fo r  o rde r  r ece i ved  a f t e r  May 31s t ,  1979
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LID VAN  DIE KAYMAC GROUPMEMBER OF THE KAYMAC GROUP

THERE IS A BIDIM GRADE TO MEET EACH
OF THESE SPECIFICATIONS TAKEN FROM OUR
CLIENT/CONTRACT FILES. BIDIM IS NOW
MANUFACTURED IN  SOUTH AFRICA BY KAYMAC
INDUSTRIES (PTY) LTD. UNDER LICENCE TO
RHONE-POULENCE OF FRANCE.

NATAL - P .O .  BOX 116 .  P INETOWN 3600 .  TELEPHONE:  031—722345
TRANSVAAL — P .O .  BOX 1594 ,  EDENVALE 1610 .  TELEPHONE:  011—531321
WESTERN CAPE-  P .O .  BOX 162 ,  HOWARD PLACE 7450 .  TELEPHONE:  021—534525
EASTERN CAPE— P.O.  BOX 7077 ,  EAST  LONDON 5200 .  TELEPHONE:  0431— 25974
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THE EXTRA-ORDINARY DEVELOPMENT OF A SINKHOLE ON THE UPSTREAM
FACE OF A FIFTY-YEAR OLD EARTH DAM WITH ASSOCIATED PIPING
THROUGH THE FOUNDATION.

INTRODUCTION

An ea r t h  embankment was cons t ruc ted  i n  1924  t o  f o rm  a s to rage
rese rvo i r  on the  Mogoto R i ve r ,  a r e l a t i ve l y  sma l l  s t r eam i n
the S t r ydpoo r t  moun ta ins .  The l eng th  o f  t he  wa l l  i s  265 m and ,
a t  i t  maximum, the  he igh t  i s  36 ,5  m.  Excep t  f o r  a pudd le
c lay  co re ,  t he  dam i s  o f  homogeneous cons t ruc t i on  w i t h  some
e f f o r t  made t o  se lec t  coa rse r  ma te r i a l s  f o r  t he  downst ream zone .

I n  Janua ry  1976 a sma l l  s i nkho le  appea red  on  t he  ups t ream face
o f  the  dam. I t  was s i t ua ted  f a i r l y  h igh up t he  s l ope ,  nea r  the
c res t  and  on the  Eas te rn  s i de  o f  t he  dam a t  a po in t  where t he
embankment was on ly  about  B~m h igh .  The pe rp lex i ng  ques t i on
was where had th is  volume o f  so i l  gone and  how was such  l oss
o f  ma te r i a l  poss ib l e  i n  a compacted  embankment ?

The rocks  o f  t he  S t r ydpoo r t  moun ta ins  a re  anc ien t  sha les  and
qua r t z i t es  wh ich  a re  very  ex tens i ve l y  f au l t ed  and i n t r uded  w i th
dykes  and  s i l l s .  On t op  o f  t h i s  se r i es ,  a success ion  o f  do lom i tes ,
sands tones  and  sha les  was depos i t ed  and  t he  p resence  o f  do lom i te
in  the  v i c i n i t y  o f  t he  dam immed ia te l y  l ed  to  t he  ques t i on  o f
whether  t he  s i nkho le  was no t  due t o  subs idence  and  co l l apse
in to  a vo id  o r  cave rn  in  t h i s  r ock .

The re fo re ,  t he  f i r s t  ques t i on  wh i ch  had  t o  be  answered was - was t he
dam unde r l a i n  by  do lom i te  wh ich  m igh t  poss ib l y  be  cave rnous  ? The
answer " no ”  t o  t h i s  was f a i r l y  eas i l y  ob ta i ned  f r om ex i s t i ng
geo log i ca l  maps and o the r  i nves t i ga t i ons  wh ich  showed t he re  was
no  do lom i te  under  t he  dam wa l l .

THE DAM WALL BUILT ON THE FAN OF A SLIDE IN  THE EASTERN FLANK

The l ong  ax i s  o f  the c res t  o f  t he  dam is  skew t o  t he  l i ne  o f
the  va l l ey .  Th is  is  unusua l  s i nce  skewness i s  normal ly  avo ided
because o f  cos t .  Ano the r  unusua l  f ea tu re  was t ha t  a l ong  the  l i ne
on wh i ch  the  s inkho le  occu r red ,  t he  na tu ra l  g round  s l opes  up-
va l l ey  and no t  down-val ley as  wou ld  no rma l l y  be  the  case .

I nves t i ga t i on  o f  t hese  f ea tu res  l ed  to  the  conc lus i on  t ha t  t he
dam had  been bu i l t  on  t he  fan o f  an  o l d  h i l l - s l i de .  By do ing
th i s  the  dam p lanne rs  must  have  f e l t  t ha t  much o f  t he i r  embankment
had a l r eady  been cons t ruc ted  f o r  t hem by  Na tu re .

THE CONSTRUCTION OF THE DAM WALL

Repu ted l y  t he  dam i s  homogeneous w i t h  an  impe rv ious  pudd le  clay*
co re  bu i l t  a round  a conc re te  cu t -o f f  wa l l .  On e i t he r  s i de  the
so i l  was r epu ted l y  compacted by oxen ;  t he  ups t ream su r f ace
i s  p i t ched  w i th  f l a t t e r  s t one  s l abs  and  the downst ream s l ope
is  o f  b roken  rock  up to  300 mm s i ze .  There  i s  no  downst ream
toe -d ra in .
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THE BEHAVIOUR OF THE PAH AFTER CONSTRUCTION

The dam has a history of settlement and deformation. The first
reported major trouble was in 1939 when longitudinal cracks;(one
of these cracks and its rectification is shown on Figure 6.);
parallel to the crest were observed on both upstream and downstream
faces. These occurred near the centre at the highest part of
the wall.

In 1939 the settlements along the whole crest were restored by
building a kerb or waue wall composed of shale slabs along
its whole length.

THE SINKHOLE ON THE UPSTREAM FACE IN JANUARY 1976

The small sinkhole already described appeared on the upstream
face, high up near the crest of the wall. The observation was
alarming - the water level in the reservoir was still reason-
ably well below floor of the sinkhole but a severe flash
storm in the catchment could easily bring the water into the
sinkhole with consequences which might be very severe.

It was noticed that directly opposite the sinkhole, the water
line bulged upstream by about 600 mm, suggesting that on this
section an upstream slope failure had taken place.

A slope movement of this magnitude should have been accompanied
by some tension cracking and it was thought that these cracks
might be the "reservoir” which accepted the material lost from
the sinkhole. To search for such tension cracks, two slots,
each 2 m deep , were cut through the crest on either side of
the sinkhole. These failed to disclose any cracks and it
was then thought that the slip surface might have cut deeper.
None of these explanations was very satisfactory.

THE FURTHER COLLAPSE OF THE SINKHOLE IN AUGUST 1976

On 10th August, 1976, while an investigational programme was
in progress, the sinkhole collapsed by a further 1 m. The
plug of soil which had been rammed into the old sinkhole
simply moved downwards and continued to do so at a rate
which was easily measurable with a metrestick. At the same
time a water leak or "pipe" developed at the downstream toe.
The "pipe" was running quite strongly carrying in suspension
red soil which appeared to be coming from the dam wall itself.
The flow rate was increasing indicating that in due course
a substantial "pipe" would be created. Fortunately the soil
was not of a highly erodible type so that the rate of increase
of flow was not very great.
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Borehole No. 1 was drilled very quickly and to great surprise
disclosed a void or at .eas4- a very soft spot in the reputed
puddle clay core at a mean depth of about IB m just above the
concrete core. This depth is some metres below the original
ground level on this section. A further borehole (No. 1A) on
the crest, 1,5 m from No. 1, also disclosed the same void
or very soft spot in the core. A permanganate of potash
test established connection between the ’'pipe" at the downstream
toe and water in the void. To reiterate, it was a very lucky
circumstance that the red soil of the dam and foundation was
not an easily erodible material such as a dispersive clay or a
cohesionless fine silt. There was thus some small time left
for action. Now, the important question became - how to save
the dam ?

THE GROUTING OF THE DAN EMBANKMENT

Grouting of boreholes 1 and 1A was immediately put in hand.
Many doubts were felt over the possibility of its success.
Grouting-up of voids in a silty fine sand is not easily
achieved, particularly if specialised chemicals and procedures
are not employed. Furthermore, a water flow condition existed
in critical regions of the boreholes and this made the process
even more doubtful. Nevertheless, the attempt had to be made
and a bentonite /cement mixture was used. On hand, in case
needed, were stone chips, sand, wood shavings, sawdust and
maize meal.

The bentonite/cement grout was observed to emerge from the
"pipe” and also upstream on the floor of the reservoir. As
injection with this material proceeded, the water flow in the
’’pipe” diminished and became clearer. Within three days the
"pipe”had sealed.

A programme of close drilling and grouting along the whole of
the crest of the dam was then undertaken, using cement/sand
grout without the addition of the bentonite.

A number of "undisturbed” cores were extracted from the grouted
curtain and, as was to be expected, very little evidence was
found of cement penetration into the voids of the soil itself.
The cement grout formed nodules very much like to lime or calcrete
nodules found in natural soil profiles. These nodules appear to
act to replace soil and so effect a compaction.

POSSIBLE EXPLANATIONS FOR THE SINKHOLE, THE PIPING AND
OTHER UNUSUAL EVENTS IN THE MOGOTO DAM.

1. Why was the sinkhole of the funnel or tubular form
and not of the conical form more commonly found
in dolomite situations ?

Vertical movements on level points around the sinkhole
showed that as the "plug” of soil moved downwards to
form the sinkhole, there was very little movement of
adjacent pegs both on the surface and at a depth of
4 m below the surface. This showed that the sinkhole was
of the tubular form.
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It has been noted that the average grading curve of
the soil shows a very long flat tail on the finer
sizes and it has a D85/015 = 375. The fines in such
a material could easily wash out particularly if it
was in a loose state at the start. This is believed
to be the cause of the soft spots found in the core -
the material is a poor filter - within- itself and
the fines have washed out to leave loose pockets
of the more granular fractions in the soil. Hence the
cohesionless state developed as is necessary in the
case when the tubular type sinkhole develops.

2. Where did the fine material washed out from the dam
soil go ?

Test pits dug at the toe of the dam in the old slide fan
material disclosed a very loose open structure with
rock fragments, 10 mm to 2 m in size. Clearly, this is
the reservoir which accepted the robbed material which
resulted in the 10 m3 or more which formed the void
of the sinkhole.

3. What initiated the pipe ?

It will have been noted that when the pipe started
several piezometers were already in operation. Further,
the pipe started just as Borehole No. 4 within the
waterline of the reservoir was completed.

The contours of equal water pressure suggest that a
more porous stratum exists below the upstream face of
the dam and that the core was not serving its proper
purpose by provided an impermeable barrier to water flow.
Since the bulk of the material involved is in the fan
of the slide, the higher permeability is not unexpected,
but the core wall should have been tight and not allowed
this situation to develop. The layer of lower permeability
on the face of the dam is unexpected but not impossible.
The puncturing of this layer by the drill or an overflow
into the sinkhole if the water had risen to the necessary
higher levels could certainly have created conditions
which were very hazardous to the safety of the dam.

3.E. JENNINGS
H.F. MARKER

The above is a summary of a paper to be presented at the
1979 ICOLD Conference in New Delhi, by Prof. 3.E. Jennings
and Dr. Horst Marker.

This summary is published as it is hoped that so extraordinary
a dam failure is of interest to all, and why should we wait
until after New Delhi.
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P .O .  BOX 395
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APPLICATION OF GEOTECHNICS TO THE SOLUTION OF ENGINEERING
PROBLEMS - ESSENTIAL PRELIMINARY STEPS TO RELATE THE
STRUCTURE TO THE SOIL  WHICH PROVIDES ITS  SUPPORT.

3 .E .  JENNINGS AND A .B .A .  BRINK P roc .  I ns tn .  C i v .  Eng rs .  ,
Pa r t  1 ,  197B ,  64 ,  Nov .  ( 19  pages ) .

NUMERICAL METHODS FOR THE SETTLEMENT OF VENICE
AND LAYERED SOIL  DEPOSITS.

A .D .W.  SPARKS. NUMERICAL METHODS IN  GEOMECHANICS, AACHEN,
APRIL ,  1979  (13  pages ) .
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J .E .  JENNINGS AWARD FOR 1976

This is the first time that the J.B. Jennings award in Geotechnical
Engineering is being presented and as such I feel that it would be
appropriate to place on record the background to the award. Prof.

Jennings is known to all of us as the undisputed father of Geotech-
nical Engineering (or Soil Mechanics as some of us still call it)

in this Country.

After obtaining a BSc degree at Wits in Civil Engineering, Prof.

Jennings studied at MIT under Terzaghi. He made his mark on the
Geotechnical Engineering scene in this Country while working at

the NBRI and later as Prof, of Civil Engineering at Wits. The
Geotechnical Division decided to honour Prof. Jennings and what

better way is there than to present an annual award for the most
meritorious paper on Geotechnical Engineering in South Africa
which bears the name of the father of the subject in this Country.

The award for 1978 is being made to Dr. Frank Netterburg, Head of
the Soil Engineering Group at the NITRR for his two papers pub-
lished in "The Civil Engineer in South Africa” in 1978.

"PROSPECTING FOR CALCRETE ROAD MATERIALS IN SOUTH AND SOUTH
WEST AFRICA"

and

"CALCRETE WEARING COURSES FOR UNPAVED ROADS"

Dr. Netterburg is an Engineering Geologist and I think Prof.

Jennings will be proud that this first award is being made to
an Engineering Geologist since he is the person who has always
emphasised the collaboration which is needed between Engineer

and Geologist?

Dr. Netterburg graduated in Geology from the University of Cape
Town and later obtained an honours degree in Engineering Geology

from Wits. It was from the same University that he obtained a
PhD. degree in 1970 for his work on the Geology and Engineering
properties of Calcretes while working at the NIRR. The papers
for which this award is being made, sum up certain aspects of

his work and are a milestone on the understanding of prospecting
for Calcretes and the Specification of Calcretes for unpaved
roads in Southern Africa.

In the introduction to one of the papers Dr. Netterburg states:
"Unpaved roads remain an important part of the Southern African

Road Scene. In 1974 77  % of the roads in the Republic of S.A.,

77 % of Rhodesia’s raods and 9 0  % of the roads in S.W.A. were
not paved".

As the most widespread road building material in Southern Africa
and often the only available, it is understandable that the work

done by Dr. Netterburg on Calcretes is important to the further
development of this sub-continent.
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It is indeed an honour for the Geotechnical Division to be able
to present the first J.B. Jennings award to Dr. Frank Netterburg
for these two important papers on Calcretes.

F. WAGENER
CHAIRHAN

J.E.B. JENNINGS TOEKENNING IN
GE0TEGNIE5E INGENIEURSWESE

1. Die J.E.B. Jennings toekenning, ter ere van Prof. J.E.B. Jennings
en sy uitmuntende werk in the Dntwikkeling van Geotegniese
Ingenieurswese in Suid-Afrika, word jaarliks dour die Geotegniese
Afdeling gemaak.

2. Die toekenning is h boek-koopbewys van R100 en sal toegewys word
aan h lid van die Geotegniese Afdeling wat die outeur is van h
verdienstelike referaat wat in die vorige jaar in S.A. of elders,
in verband met Geotegniese Ingenieurswese in Suid-Afrika, gepublisee.
is.

3. Voorstelle, met motivering, sal jaarliks aangevra word van
individuate lede en moot teen 20 Februarie aan die Sekretaris
van die Geotegniese Afdeling voorgele word.

4. Die voorstelle sal deur h sub-komitee van die Bestuurskomitee
van die Geotegniese Afdeling oorweeg word en h finale aanbeveling
sal aan die S.A.I.S.I. Toekennings - Komitee voorgele word.

5. Indien enige van die lede van die Sub-komitee voorgestel word
vir die toekenning, sal die Bestuurskomitee h ander lid tot
hierdie komitee benoem.

6. Die oorspronklikheid van die referaat asook sy bydrae tot die
vooruitgang van Geotegniese Ingenieurswese in Suid-Afrika, sal
in aanmerking geneem word.

7. Indien geen referaat deur die sub-komitee as verdienstelik
vir *n betrokke jaar beskou word nie, mag hulle besluit om
geen toekenning te maak nie.

8. Die sub-komitee mag besluit om die toekenning te verdeel tussen
outeurs van ewe-verdienstelike referate.

9. Indien die sub-komitee van mening is dat meer as een referaat
gedurende die jaar gepubliseer, van uitstaande standaard is,
mag hulle voorstel dat die naasbeste oorgedra word na die
volgende jaar vir oorweging met die nuwe voorstelle.

10. Die besluit van die sub-komitee sal onderhewig wees aan die
goedkeuring van die Bestuurskomitee.

11. Die toekenning sal gemaak word by the Jaarlikse Algemene
Vergadering van die S.A.I.S.I.
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SOME PROBLEMS OF DISPERSION
IN RESIDUAL CAPE GRANITE SOILS

1.  DISPERSION - A CAUSE OF COLLAPSIBLE GRAIN STRUCTURE ? :

It was in 1957 that the phenomenon of a collapsible grain structure in residual soils
formed by the decomposition of granite, was first discovered by Brink and Kantey.
All previously reported cases of a collapsible grain structure in soils had been
associated with aeolian soils .  Since then, this phenomenon has been found to occur
in residual granite-derived soils from as far north as Chingola, Zambia, to Cape
Town in the south.

In their investigations. Brink and Kantey (1957) found that the phenomenon appeared
to be confined to slopes containing well-drained soils and they concluded that, due
to the leaching out of soluble and colloidal matter from the decomposed granite, a
collapsible grain structure, very similar to that for aeolian sands , resulted.

C.R.  van der Merwe, in his publication "Soil Groups and Sub-groups of South
Africa11, commented that "waters, s eeping from granite formations after heavy
rains , contain a marked milky turbidity consisting of a fine colloid suspension
which is so fine that a filter paper used for fine precipitates does not separate it
from the water The physical removal of colloidal material to the extent
indicated by van der Merwe would thus significantly affect the void ratio, and hence
grain structure, of the residual soil .

The process discussed above is essentially a physical one with colloidal material
in suspension being leached out by circulating groundwater. The process that
causes the clay particles to go into suspension, however, is believed to be  a
chemical one, referred to as  dispersion or  deflocculation.

Dispersive clays, which cannot be differentiated from non-dispersive clays by
conventional soil mechanics tes ts ,  deflocculate rapidly in slow-moving water, and
even under no-flow conditions. The process occurs when the repulsive or
electrical surface forces between individual clay particles exceed the attractive,
or van der Waal's forces. When the clay mass is in contact with water, individual
clay particles are progressively detached from the surface and go into suspension.
Should the water be flowing, the dispersed clay particles are carried away.

Although the development of a collapsible grain structure in residual soils formed
from decomposed granites can be considered to represent the end product of a
process involving the physical removal of colloidal material from the residual soi l ,
the start point or  initial step in the process has not to date been clarified.

However, if one accepts that the clays in the residual granite-derived soils are
potentially dispersive, the starting point of the process can now be clearly defined,
and the following sequence of events appears logical.

(a) Dispersion of the clays commences under no-flow or minimum flow
conditions.
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(b) If drainage paths already exist either due to a biotic activity ( termites ,  e tc .  )
o r  the presence of f i ssures ,  quartz veins,  e t c .  , then physical erosion s tar ts .  If
the residual so i l  i s  relatively intact and impermeable,  d ispers ion  can  continue until
such time as the dispersive process nears ,  and eventually intersects a free
surface o r  conduit containing moving pore or  ground water,  at  which stage,
physical erosion starts .

(c) Continued dispersion aided by physical erosion will then result in the
development of the open or  collapsible grain structure discussed earlier.

2.  DISPERSIVE SOILS - WHAT TO LOOK FOR :

(a) Clay Mineralogy and Chemistry :

Initial analyses of soi ls  known to be  dispersive by  workers overseas revealed that .
the bulk of the materials tested contained a variety of clay minerals,  generally
present in more o r  less equal quantities, namely

Montmorillonite 30  - 50%
Illite 10  - 25%
Kaolinite 10  - 25%

(and Quartz 20 - 40%).

A number of Australian investigators are of the opinion that all dispers ive  soils
probably contain an  appreciable percentage of montmorillonite. This does not
appear to be  the case in South Africa where workers in the agricultural soil  sc ience
field have found that granite-derived soils containing large amounts of kaolin and
relatively little o r  no montmorillonite, can ,  under certain conditions, be  highly
dispersive.

(b) Soluble Salt Content of Pore Water :

The main property of the clay governing its susceptibility to dispersion is the
quantity of dissolved sodium cations in the pore  water relative to the quantities of
the other main basic cat ions,  i . e .  Calcium, Magnesium and Potassium, also
present in the pore water .

Studies have shown that the sodium acts to increase the thickness of the diffused
double water layer surrounding individual clay par t ic les ,  thus decreasing the
attractive force between the part icles ,  making it easier for Individual particles to
be  detached from the mass .  Hence,  the higher the ratio of soluble sodium content
versus total soluble salt content in the pore water,  the greater is the likelihood that
the soil will be  dispersive.

Based on the results of further studies carried out by soil scientists both in  South
Africa and in the U .S .A .  , i t  would appear (Lamprecht, 1979) that, apart from the
soluble cation content, the Iron (Fe2C>3) and alumina contents of the soil a re  also
important in that, provided there is sufficient free iron available in the soi l  for
precipitation to occur,  thus coating the clay particles, deflocculation will be
inhibited.
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(c) Soluble Salt Content of Eroding Water :

The second main factor influencing the dispersive susceptibility of the soils is the
total content of dissolved salts in the eroding water.

The lower the content of dissolved salts in the water, the greater is the risk of
dispersion: storage of rainwater would thus increase the risk of dispersion if the
storage dam was either constructed of, or  is underlain by, soils having a dispersive
potential.

The fact that agricultural fields covered by a layer of dispersive clay could be
rendered useless by the development of sinkholes and erosion runnels brought about
by infiltration of rainwater, has been known to soil scientists for many years.

3.  A RECENT CASE OF DISPERSIVE CAPE GRANITE SOIL :

Recently, the author was involved in  an investigation of a small earth dam
constructed on the slopes of the Helderberg, near Stellenbosch, composed of
decomposed residual granite. Sinkholes had developed in the floor of the dam and
water was leaking out to reappear some distance downslope.

Examination of the dam basin revealed the presence of numerous sinkholes of the
type described by Brink (1977) in his thesis under the heading of Pseudokarst
Phenomena. He ascribed the presence and formation of these features to a process
of "selective mechanical suffusion", i . e .  the selective washing out of
deflocculated kaolinite colloids.

In addition, detailed visual examination of the residual material revealed that the
soil was riddled with small holes even at  a depth of 2 metres below basin level o r
approximately 4,5 metres below original ground level. Apart from the honey-
combed appearance of the soil ,  erosion runnels up to 20 mm across and lined with
soft, wet mud, appeared to occur at random in the residual soil .

The initial impression gained, that these features were related to termite activity
in the geologic past as suggested by Brink (1978), was discounted due to the
widespread occurrence of the features, the presence of the erosion runnels, and
the arguable fact that the features did not quite fit the pattern of known termite
colonies .

As the farm owner wanted the dam enlarged, it was important that the cause of the
leakage problem first be determined and that a solution to the problem be found.

3 .1  The Investigation :

The nature and extent of the features described above suggested that the residual
soils might be dispersive and accordingly, a limited number of samples of the
material were subjected to physical and chemical tests .






















