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EDITORIAL

This issue of Ground Profile is the first to be produced entirely
by the new Editorial Board. Although the last issue was assembled
after Back Caldwell had left for the United States he did contribute
to the collection of material. Back has not abandoned us entirely
though and this issue contains one of his usually provoking articles.
He has also promised not to let us alone in future and will be sending
us an occasional news letter or article from his new environment.
We take this opportunity of wishing Back well in his new setting and
hope the experience will be rewarding and eventful.

Ground Profile will now be edited by a group or Editorial Board which
will consist of three who will be responsible for various functions.
Trevor Giddings, from Cape Town, will be responsible for the editing of
technical briefs and mini papers while Bohn Wates, from Bohannesburg,
will be responsible for editing of all other material as well as

collation and distribution of the magazine. It is hoped that the third
member of the board will be appointed from the Durban members. Bohn
will co-ordinate the team. The members of the board from the three
centres will be responsible for the collection of contributions from
their respective centres.

Brian Wrench has agreed to contribute by producing paper summaries and
book reviews and Terry Pigeon will collect contributions from the
Pretoria area and in particular from NBRI contributors. It is certain
that with this degree of assistance that the magazines pages can be
kept full of interesting and varied material.

It is the new Editorials intention to continue the presentation of
Ground Profile in its present shape and form and adhere loosely to the
framework used by Back Caldwell. The main text will continue to consist
of letters to the Editor, technical briefs and mini papers. At present
two series of mini papers, which will run concurrently, are being planned.
The one series will be on Expansive soils, the first paper of which appears
in this issue, and the other will cover the state of art of site investi-
gation and building on Dolomites.

It is hoped to promote the publication of articles and mini papers which
would not normally be considered by the prospective author for publication
in the Civil Engineer or any other similar journal. The author who may
not be inclined to prepare a potential paper in the form and detail
required for the Transactions is encouraged to write up the paper for
publication in Ground Profile. It is not intended to provide a forum
for any particular type or style or article but to create a place for
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i tems o f  i n t e res t  wh i ch  wou ld  no t  o the rw i se  have  f ound  the i r  way i n t o
p r i n t .  Of cou rse  we w i l l  a l so  pub l i sh  more comprehens ive  pape rs  i f
such  ma te r i a l  i s  p resen ted  and t he  paper  by  W i l l i e  van de r  Merwe
pub l i shed  i n  t he  p rev ious  i ssue  is  an  example o f  t he  t ype  and s tanda rd
for  which we wou ld  r each .  Wi l l i e  is  t o  be  commended f o r  t h i s  pub l i ca t i on
and  i t  i s  hoped that  more ma te r i a l  l i ke  th i s  w i l l  f i nd  i t s  way i n t o
the  magaz ine .

I t  shou ld  pe rhaps  be  sa id  tha t  t he  magaz ine can  on ly  be  as  good as  t he
con t r i bu t i ons  f r om the  readers  make i t .  We welcome a l l  con t r i bu t i ons ,
l ong  o r  sho r t  and  on  any  sub jec t  o f  i n t e res t  t o  the  members o f  the
Geo techn i ca l  D i v i s i on .  The re  a re  many case  h i s to r i es  o f  success  o r  f a i l u re
wh i ch  cou ld  form the  bas i s  o f  an  i n t e res t i ng  a r t i c l e  i f  t hese  were  pu t
t o  pape r .  I cou ld  even  ven tu re  t o  say  t ha t  a great  number o f  rou t i ne
geo techn i ca l  r epo r t s  con ta i n  t he  bas i s  f o r  an a r t i c l e  o r  m in i  pape r .  You
a re  u rged ,  t he re fo re ,  t o  ass i s t  in  t he  p ropoga t i on  o f  t he  magaz ine  by
g iv ing  some though t  ( say  a t  l eas t  once a year )  t o  w r i t i ng  a sho r t  a r t i c l e .

EDITOR

NINTH INTERNATIONAL CONFERENCE ON SOIL
MECHANICS AND FOUNDATION ENGINEERING

JULY 11  - 15  1977

The P roceed ings  o f  t he  above con fe rence  a re  ava i l ab le  f r om:

The Japanese Soc ie t y  o f  So i l  Mechan i cs  and
Founda t i on  Eng inee r i ng ,

Sugayama Bu i l d ing  4F ,
Kanda Awa j i - cho .  2 -23 ,
Ch iyoda-ku  ,
Tokyo 101 ,
JAPAN.

The cos t  o f  t he  t h ree  vo lumes is  /280-00  l ess  5% fo r  ISSFIFE members
whose names appear  i n  t he  1977  L i s t  o f  Members.

A b rochu re  and o rde r  f o rm  a re  be ing  ma i l ed  w i t h  t h i s  i s sue  o f
Ground P ro f i l e .
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-HOST- R I Sr< 1 c .

CLIENT'S OR CONTRACTOR'S ?

The so i l  p ro f i l e s  a re  p rov ided  f o r  i n f o rma t i on  on l y ;  t he  con t rac to r
must  sa t i s f y  h imse l f  as  t o  t he i r  accu racy  and t o  t he  ex i s t i ng  so i l
cond i t i ons  on  t he  s i t e . "

T hese words o r  words t o  s im i l a r  e f f ec t  appear  on  a lmos t  a l l  con t rac t
documents pu t  ou t  by  consu l t i ng  eng inee rs  f o r  work i nvo l v i ng
p i l es ,  f ounda t i ons  o r  gene ra l  geo techn i ca l  cons t ruc t i on .

The consu l t an t  appea rs  t o  be  t e r r i f i ed  to  s ta te  w i t h  con f i dence
" these  a re  t he  p ro f i l es  ue reco rded ,  t h i s  i s  ou r  i n t e rp re ta t i on
o f  them and t h i s  i s  t he  des ign  recommendat ion and hence  cons t ruc t i on
de ta i l  r equ i red . "

No doub t  t he  gamb i t  o f  cas t i ng  t he  onus o f  sa t i s f y i ng  h imse l f  abou t
so i l  cond i t i ons  on  t o  t he  con t rac to r  i s  a s ta te  o f  a f f a i r s  b rough t
abou t  by  ava r i c i ous  con t rac to r s  r a the r  t han  t im id  consu l t an t s .
W i th  the  r i se  o f  t he  spec ia l i s t  " va r i a t i ons  p l ease "  o r  "un fo r seen
cond i t i ons "  c l a im ,  t he  so i l  p ro f i l e  w i t h  i t s  no to r i ous  va r i ab i l i t y
o f f e red  t he  con t rac to r  as  f e r t i l e  a m ine f i e l d  as  he  cou ld  w i sh  f o r ,
t o  c l a im  add i t i ona l  ex t ras .

One ' s  sense  o f  common j us t i ce  d i c t a tes  t ha t  t he  c l i en t  shou ld  pay t o
bu i l d  on  h i s  c l i en t ' s  s i t e .  F i r s t l y  he  shou ld  pay f o r  a p rope r
s i t e  i nves t i ga t i on  and  geo techn i ca l  eva lua t i on  o f  so i l  cond i t i ons .
He must  pay f o r  t he  cons t ruc t i ona l  f ea tu res  requ i red  t o  cope
w i t h  t he  geo techn i ca l  cond i t i ons  on  n i s  s i t e .

I t  i s  man i f es t l y  un fa i r  t o  expec t  t he  con t rac to r  t o  bea r  t he  onus
o f  p rov ing  so i l  cond i t i ons  and o f  bea r i ng  t he  cos t  o f  un fo reseen
work r eou i red  t o  dea l  w i t h  poo r  o r  va r i ab le  so i l s .  Th i s  must be
the  c l i en t ' s  r i s k ,  no t  t he  con t rac to r ' s .

The p rob lem a r i ses  however  because  i t  i s  a lmos t  imposs ib l e  t o  s ta te
what ex ten t  a d i f f e rence  be tween  so i l  cond i t : ons  an t i c i pa ted  a t
des ign  s tage  and t hose  ac tua l l y  encoun te red  du r i ng  cons t ruc t i on  w i l l
o r  w i l l  no t  g i ve  t he  con t rac to r  a va l i d  c l a im  fo r  va r i a t i ons  and
ex t ra  paymen t .

Thus i f  t he  c l i en t  accep t  t he  f u l l  onus f o r  so i l  cond i t i ons  and
unde r takes  t o  pay  f o r  eve ry  m ino r  va r i a t i on ,  he  w i l l  f i nd  h imse l f
ba t t e red  by an  unsc rupu lous  con t rac to r  w i t h  a ba r rage  o f  c l a ims
fo r  t he  mos t  i ns i gn i f i can t  changes o f  p ro f i l e .  Th i s  i s  an  example
o f  a l ud i c rous  ex t reme ;  bu t  ue  a re  a l l  f am i l i a r  w i t h  t he  shrewd
use o f  t he  sample p r i nc i p l e  i n  c i v i l i sed  ga rb .

A l t e rna t i ve l y  i f  t he  c l i en t  d i sc l a ims  any l i ab i l i t y  f o r  t he  so i l
cond i t i ons ,  he  i s  secu re  i n  t ne  Knowledge t ha t  t he  work w i l l  bn
done a t  a p rede te rm ined  cos t  t o  h im ,  even  i f  such cos t  i nvo l ves
a subs tan t i a l  con t rac to r s  con t i ngency  f ee .
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The proper course, the fair and equitable .boundary between the two
extremes lies somewhere, but the problem is: where is that boundary
and how do we specify it.

I do not have the answer, nor do clients and their consultants,
if one is to judge from the number of organisations which demand
at tender stage a fixed lump sum bid for piles. The price
is fixed, will not be altered if changed conditions are encountered
(for the contractor should have foreseen that) and moreover the
contractor is required to guarantee the foundation solution.

The rigid implementation of this attitude has given rise to
many hard luck stories told by smitten contractors. The use of
the formula which started off as a shield for clients against
contractors claims has become a Democlean sword yielded by clients
at the neck of

The influence of the formula of requiring the contractor to carry the
risk for foundations, and piles in particular, has furthermore bred in
consultants a certain laziness and slipshod approach. He does not
bother to consider, design or specify pile types. He accepts at face
value the claims of the cheapest pile solution offered.

He uncritically allows the client to be inundated with inappropriated
foundation and ultimately he allows the persuasive powers of the
contractor rather than the technical needs of the situation to dictate.

It is easy to appreciate how this happens.There are a great variety of
pile types available. The major difference between piles offered by
competing organisations and the suble variations offered by any one
organisation are frequently enough to intimidate all but the most
intrepid consultant. Even if he has the courage and intelligence to
choose properly, he probably has not the time or experience to be
familiar with the plethora of brand name piles.

Thus he does not specify a pile, but asks the contractor to submit his
proposals.

Intrinsically there is nothing wrong with asking the contractor to
submit proposals, but when coupled with a disclaimer of responsibility
for soil conditions and an uncritical acceptance of such proposals
the system is open to criticism.

Because clients operate thus it now frequently occurs that contractors
approach consultants to design their proposed piles. But these
consultants seldom have either the time or money to do the full
geotechnical investigation which rightly the client, who seeks the
tenders, should have performed.

The proper way to solve such problems, in my opinion, is for the
general consultant, who is responsible to his client for producing
a job which involves piles, to seek the services of a specialist
consultant, a consultant who is competent and efficient in pile
design and specification.
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Th i s  spec ia l i s t  consu l t an t  mus t  the - .  sa t i s f y  h imse l f  abou t  so i l
cond i t i ons ,  must be  su re  t ha t  the  bes t  p i l e  so lu t i ons  a re  ca l l ed
fo r  a t  t ende r  s tage  and a re  i ns ta l l ed ,  must  no t  cas t  on to  t he
con t rac to r  t he  onus o f  do ing  t hese  t i l i ngs .

The success fu l  imp lemen ta t i on  o f  t h i s  sys tem w i l l  s t i l l  demand,
howeve r ,  t he  so lu t i on  o f  t he  p rob lem o f  l im i t i ng  spu r i ous  c l a ims
fo r  m ino r  va r i a t i ons  i n  t he  so i l  p ro f i l e ,  wh i l e  ye t  a l l ow ing
scope f o r  j us t  compensa t ion  o f  t he  con t rac to r  f o r  the  occu r rence
o f  un fo reseeab le  geo techn i ca l  p rob lems .

JACK CALDWELL

COWENT

Jack Caldwell, in  this issue of G .P .  , has described quite vividly the

dilemma in which client, consultant and contractor can find themselves when

dealing with specifications for work below the ground surface, and in deciding

who should carry the r isk for a change in anticipated soil  conditions.

However, Jack doesn' t  explicitly discuss the overall economics of the

problem. How is the client o r  owner going to obtain the most economical

foundation, consistent of course with satisfactory performance? Surely this is

the fundamental question, which involves all phases of geotechnical work,  from

investigation, through the design stage, and leading to completed construction.

I t 's  all  verj' well saying that throwing the risk on to the contractor offends one ' s

sense of common justice,  and that the client should pay to build on his chosen

s i te .  But if there is one thing that 's certain about the whole problem, i t ' s  that

clients do pay, in the long run ,  for everything, through increased unit rates

from the contractor. The real point is that the client often pays more than he

should.

To  my mind, the onus of providing a solution to the problem rests fairly

and squarely with the consultant, who should be able to demonstrate to his client

quite clearly where overall cost savings can be made for any part icular  project .

If by raising the quality of a soil investigation, through full- t ime supervision for

example,  the increased confidence obtained can lead to design and construction

savings significantly greater than the cost of the investigation, then what client

would refuse such an  option if the consequences a r e  spelt  out to h im?  This
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certainly doesn't  mean,  however, that all  soil investigations should have full-

time supervision. Each project must be considered on its individual meri ts .

Similarly, when considering who should carry the risk of variable soi l

conditions, the consultant should demonstrate to his client the options in economic

terms. If significant savings can be achieved by including soil information and

its interpretation into a contract, then it is up to the consultant to write the

specifications in such a way that won't lay the client open to subsequent

exploitation by the contractor, and to convince his client of the economic benefits  .

Should the client ,  after this approach, still  decide to adopt a minimum soils

investigation, and put the risk of variable soil  conditions on  to the contractor,

then that's up to him.  I t 's  his money, after a l l .

TREVOR GIDDINGS.

INSITUTE FOR NUMERICAL METHODS IN ENGINEERING

DEPARTMENT OF CIVIL ENGINEERING
UNIVERSITY COLLEGE OF SWANSEA.

INTERNATIONAL SYMPOSIUM ON SOILS UNDER CYCLIC AND TRANSIENT LOADING.

Objectives: Computer methods are now available for the solution of
a variety of soil-structure interaction problems. The validity of
such solutions hinges on the soil model used in the computations
and here the state of art is less advanced but rapidly developing.
The main objective of the conference is to provide a forum for
discussion and exchange of views between the researchers and
designers on relevant topics such as constitutive relations of
soils, cyclic degradation, shakedown, liquefaction, calibration of
numerical models, field measurement and prediction of cyclic and
dynamic response. Applications in the field of offshore structures,
nuclear engineering, dams and other fields where soils are subjected
to cyclic or transient loadings are welcome. It is expected that
the published proceedings of the conference would form a definite
volume of the "state of art" of modelling soil behaviour under
cyclic and transient loading.

CORRESPONDENCE relating to the Conference should be addressed to:-

DR. G.N. PANDE
DEPARTMENT OF CIVIL ENGINEERING
UNIVERSITY COLLEGE OF SWANSEA
SWANSEA SA 2 8 PP, U.K.



Since the introduction of reinforced earth to
Southern Africa in 1976 structures 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

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.

• 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

REINFORCED EARTH (PTY) LTD.
Fortuna, 4th Street. Wynberg. Sandton.
P.O. Box 376, Bergvlei, 2012, Tvf
Telex 8-0148 Telephone 786-8480

Contact us for the solution to your problem.
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LETTERS TO THE EDITOR

Dear Sir,

SITE INVESTIGATION

The December issue of Ground. Profile included a letter from myself
and a questionnaire, asking whether the" readers agreed that the
current system for carrying out geotechnical investigations is

unsat isfactory.

In oolitical circles there have recently been many esoteric

discussions regarding the question of what constitutes a valid poll
and hence, a mandate for action.

I regret to have to inform you that our poll results would fall
outside any of criteria put forward.

The grand total of replies numbered 7, and if we take the

Geotechnical Division membership as say 400, it will be seen we
have a % poll of 1,75. Since one of the replies could be
considered as invalid - it was mine - we should perhaps say the
figure should be reduced to 1,5%.

Possibly we could look at the results in the advertiser’s manner
and say:-

In a poll recently conducted of 400 specialist civil engineers,

100% of the replies revealed that they agreed that current
geotechnical investigations were unsatisfactory. Furthermore,
60% of these urged that a high level committee should be set
up to examine the situation and recommend such changes as
they consider to be necessary.

Not yet having given up all faith in polling, I would like to ask
our members one further question. Did those who failed to reply
do so because they thought the question was superfluous, or because
they were too idle?. It is recommended that you keep the answers
to yourselves.

On a less frivolous note, may I through your magazine, thank
Nr. Scheurenberg for his comments in resply in the April issue and
assure him that I agree almost without exception to these. I
would however like to emphasize one point he made, which was that

investigations should be just ified.

One frequently hears disparaging comments on clients' parsimony and
subsequent inadequate investigation; rather less often are we ready
to comment adversely when we hear of investigations that are clearly

excessive for the obvious reasons that in the latter case there are
obviously delicate matters of correct ethical professional behaviour
involved.
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Ths p rob lem,  as  Mr .  Scheurenberg  r i gh t l y  s t a tes ,  i s  one o f  judgement  and
hr.- men t i ons  va r i ous  manuals  wh i ch  may bo r e fe r red  t o  f o r  gu idence .

I wou ld  sugges t  t ha t  what  we may need  i s  a s im i l a r  Sou th  A f r i ca
pub l i ca t i on ,  no t  so much f o r  t he  geo techn i ca l  f r a te rn i t y  bu t
f o r  t he  c l i en t s ,  so t ha t  t hey  may have  some bas i s  f o r  j udg ing
ou r  p roposa l s  f o r  any pa r t i cu l a r  i nves t i ga t i on .

G .A .  JONES

Dear S i r ,

GRANITIC SOILS

Wi l l i e  van dec Merwe i s  t o  be  cong ra tu l a ted  on  h i s  conc i se  and
exce l l en t  r ev i ew  o f  g ran i t i c  so i l s  i n  Vo l .  18  1979 ,  bu t  t he re  i s ,
I t h i nk ,  one s i gn i f i can t  ommiss ion  f r om h i s  r ev i ew .  He s ta ted
tha t  i t  was i n  1957 ( and p resumab l y  pub l i shed  i n  1961 )  t ha t  t he
phenomenon o f  a co l l aps ib l e  g ra i n  s t r uc tu re  i n  r es i dua l  so i l s
fo rmed by t he  decompos i t i on  o f  g ran i t e ,  was f i r s t  d i scove red
by B r i nk  and  Kan tey .

Some 60% o f  t he  deve lopment  o f  Rhodes ia  i s  i n ,  o r  nea r ,  g ran i t i c  o r
gne i ss i c  (wh i ch  a re  s im i l a r )  so i l s ,  and  C .P .  van dec  Merwe and
myse l f  app rec ia ted  t he  co l l apse  and d ra i nage  p rob lems  assoc ia ted
the rew i t h ,  app rec ia ted  t he  co l l apse  and  d ra i nage  p rob lems
assoc ia ted  t he rew i t h ,  and pub l i shed  a se r i es  o f  pape rs  t he reon
beg inn ing  w i t h  "G ran i t i c  Sandve ld  - I t s  Fo rma t i on  and Con t ruc t i on
Prob lems"  i n  t he  Rhodes ian  Eng inee r ,  V .2 .  N . I .  September ,  1957 and ,
s i nce  much has  been subsequen t l y  pub l i shed  on o r  abou t  g ran i t i c
so i l s  i n  Rhodes ia ,  f u t u re  wo rke rs  wou ld  be  adv i sed  t o  consu l t  t h i s ,
and o the r  l oca l  pub l i ca t i ons .  One appos i t e  quo ta t i on  f r om th i s
pape r  r eads :

" I f  t he  sand (A  ho r i zon )  i s  no t  d i s t u rbed  du r i ng  t he  p l ac i ng
o f  a f oo t i ng ,  a co l l apse  se t t l emen t  i s  poss ib l e ,  bu t  i n
a l l  p robab i l i t y  t he  excava t i on  and  p l ac i ng  o f  t he  conc re te  w i l l
i n c rease  t he  dens i t y  du r i ng  cons t ruc t i on ,  and  l i t t l e  subsequen t
se t t l emen t  w i l l  r esu l t .  I t  i s  t he re fo re  adv i sab le  t o  sa tu ra te
and  pun  exposed f oo t i ngs ,  and a sma l l  v i b ra to r  wou ld  doub t l ess
p rove  i t s  wo r th Foo t i ngs  may sa fe l y  be  r es ted  on  t he
fe l spa r  en r i ched  (B  ho r i zon )  l aye r " .

I n  t h i s  pape r  i t  was shown t ha t  g ran i t i c  and  gne i ss i c  so i l s  have
s im i l a r  p rope r t i es .  Wh i l s t ,  howeve r ,  o t he r  wo rke rs  have  now t aken
the  pu re  so i l  mechan ics  p rob lems  t o  new f r on t i e r s  i n  t he  l as t  two
decades ,  i t  appea rs  t ha t  t he  second p rob lem - poss ib l y  t he  ma jo r
one t o  road  eng inee rs  - has  been i gno red .
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The co l l apse  p rob lem,  wh i ch  i s  con f i ned  t o  the  A ho r i zon ,  no rma l l y
f r om a few mm to a maximum o f  2 m, has  been so l ved  by p reco l l aps ing
the  roadbed ,  du r i ng  t he  ra i ny  season w i t h  50 t cneuma t i c  r o l l e r s ,
bu t  t he  second ,  t ha t  o f  d ra i nage  o f  pe rched  wa te r  t ab les  he ld  up
by t he  f e l spa r  en r i ched  B ho r i zon ,  r e - i a i ns .  G rave l  l aye rs ,  rock  ba rs ,
p i pe  cu l ve r t s ,  and undu la t i ons  i n  t he  B ho r i zon  ac t  as  subso i l  dams,
resu l t i ng  i n  sponges and  sp r i ngs .  These necess i t a te  t he  ra i s i ng  o f
roads  (no t  t he  l ess  re l i ab le  cons t ruc t i on  o f  deep s i de  d ra i ns ) ,
t he  l oca t i on  and remova l  o f  obs t ruc t i ons ,  and i n  ex t reme cases  i n
cu t ,  che i ns ta l l a t i on  o f  he r r i ngbone  d ra i ns .

F ina l l y ,  t he  p reco l l apse  by  r o l l i ng  o r  v i b ra t i ons  means, i n  e f f ec t ,
t ha t  s t r uc tu ra l  f ounda t i ons  a re  p l aced  on  compacted so i l  - f o l l ow ing
th i s  l og i c  P ro f .  Mackechn ie  has  p l aced  f ounda t i ons  o f  gan t r i es
on compacted g ran i t i c  f i l l  p l aced  above such  o reco l l apsed  ho r i zons .

R .L .  MITCHELL

Jack Caldwell’s article "Whose risk is it - Client’s or Contractor’s?"
describes an issue which has, in the past, led to interesting and
sometimes heated exchanges. The side of the story described by Jack
represents only one of the many arguments which may be presented and
it is hoped that some comment may be evoked by the article. I shall
be writing to a few selected contractors for their comment and hope
to publish these in the next issue.

EDITOR



ADVERTISEMENT

UNIVERSITY OF NATAL

DEPARTMENT OF GEOLOGY

DURBAN

Applications are invited from suitably qualified persons,
regardless of race or national origin for appointment to the
post of:

LECTURER OR SENIOR LECTURER IN ENGINEERING GEOLOGY

The present salary scale attached to the post is:

Senior Lecturer : RIO 575 - R13 488 per annum

Lecturer : R 7 533 - Rll 006 per annum

Salaries are at present under review and an increase is anticipated.

In addition to teaching duties the person appointed will be expected
to be active in, and to supervise, research. There will be considerable
opportunities to reorganize and co-ordinate existing courses in
engineering geology. An interest in hydrogeology may be an advantage.

The grade of appointment and commencing salary notch will depend on
the qualifications and experience of the successful applicant.
In addition, an annual vacation savings bonus is payable, subject
to Treasury regulations.

Application forms, further particulars of the post and information on
pension, medical aid, housing loan and subsidy schemes, long Leave
conditions and travelling expenses on first appointment are
obtainable from the Registrar, University of Natal, King George V
Avenue, Durban, 4001, with whom applications, on the prescribed
form, must be lodged not later than 30th Duly, 1979, Quoting
the reference Adv. D33/79.
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HIGHLIGHTS FROM:

INTERNATIONAL CONFERENCE ON SOIL REINFORCEMENT
REINFORCED EARTH AND OTHER TECHNIQUES

The international Conference on Soil. Reinforcement described
in this report was held in Paris on March 20th, 21st and 22nd and was

organised by the ’’Ecole Nationale des Ponts et Chaussees" and its
associated Central Laboratory.

This report attempts to give a brief and general description of the
conference content and to describe in greater detail some of the
interesting recent developments in soil relnforcamcnt. The
conference was divided into five sessions.

( i )  Mechanisms and behaviour: Design Methods

(ii) Use of Soil Reinforcement in Civil Engineering

(iii) Construction Techniques

(iv) Durability

( v )  Observations and Full Scale Experiments.

The large majority of papers in all sessions dealt with the
technique of Soil Reinforcement known as ’’Reinforced Earth” while
a lesser number, although not lesser in interest, on other
techniques of Soil Reinforcement were presented.

REINFORCED EARTH

Reinforced earth is the name of a technique whereby an association
of soil and horizontally placed metal strips is formed to
withstand tension forces. Provision for a skin on the external face
is made to prevent the soil from running out between the reinforce-
ment and to give the face of the structure its desired shape.

1. DESIGN METHODS AND RESEARCH

A wealth of information on all aspects of the design
of reinforced earth structures was offered. Some
of the papers were highly theoretical and sometimes even
downright impractical. The behaviour and design of

walls with rectangular cross-sections is now well
understood even under dynamic and overload conditions and
the main direction of research should be in the behaviour
of unconventional walls such as those which have a
reduced reinforcing strip length or those which are
terraced.

The most significant refinement in design methods has
been a method for verification of internal and overall
stability of the Reinforced Earth structures along
circular or planar failure surfaces cutting through
the reinforcements. The resistance of reinforcements

is described either in terms of their resistance to
failure in tension (breakage) or their resistance to
sliding (pulling out). If these methods are used it
would be possible to admit a reduction in the amount
of reinforcement required compared to the classical

method for calculation of local stresses.
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Some full scale tests have proved the analitical
methods described to be of some practical value and thus
far it appears that the design method which assumes a
planar failure plane (wedge failure) may be used to
verify safety factors obtained by the classical method
and possibly used for exceptional loading cases such
as high point loads.

The classical method of analysis of local eouilibrium has
been further refined as a result of research into the
friction between soil and reinforcements, which has been
shown to vary with depth, and the variation between Ko and
Ka of the coefficient of earth pressure used to calculate
horizontal stresses©

The locus of maximum tension in the reinforcements has
been shown both theoretically and experimentally to be
vertical with distortion near the foot of the wall due
to the effect of the facing and differing displacements.

2. SPECIAL APPLICATIONS

Since the first structure was build in 1964 near Pragnere
in France more than 1 350 000 square meters of face area
had been erected up to the end of 1978. This represented
2 266 structures of which 81% were used for roads, 4,5%
for residentail uses (terraces for houses etc.), 2,5% for
railways and 12% for industrial structures. Some of the
unusual applications have been as follows:

(i) Reinforced Earth Abutments.

(ii) Containment dykes around liquid natural gas and crude
oil storage yards.

(iii) Rafts for roads in areas of subsidence.

(iv) Harine structures

(v) Earth dams

(vi) Embankments on marshy areas or where relatively
severe differential settlements may be expected.

(vii) Storage silos using sloping facing elements.

New applications are continually being developed as
engineers become familiar with the technique and its
applications.



3. MATERIALS

Research has concentrated on applications of tfv use of
clays and otter fine grained material, hitherto unaccept-
able, as 3 backfill material. Although the concepts
generated much interest and enthusiasm much furtner and
significant work is rcouimd before the unrestricted
use of fine grained soils as Reinforced Earth fill may
be permitted. The effects on the structure of the
reduced drainage and different compaction effects of
fine grained backfill remain important areas co
investigate.

The majority of structures to date have utilised mild
steel strips with or without profiles and either
galvanised or not. Although it is certain that these
strips will corrode inside the earth the rate and extent
of corrcssion is predictable in contrast with other
materials. Stainless steel can be most stable if the
protective coating which develops when the material
corrodes is not removed. Tn soil with a high chlorine
content however the protective layer is attacked and
Stainless steel is corroded away quite ouickly.

The use of plastics and fabrics warrants special attention
and matters of consideration are friction, deformation and
durability. The modulus of elasticity of the reinforcement
must be higher than that of the soil otherwise the behaviour
of Reinforced Earth is radically altered. Since most fabircs
creep considerably fabrics walls have been used mainly for
temporary construction where deformation and durability are
not important. Recent developments in this field include a
fibre strip from Pilkington Glass and a polymer net fabric
by Notion. In Japan net fabric structures have been used
extensively for earth embankments. Although theses reinforce-
ments claim their resistance to corrosion as their main
advantage other possible types of deterioration such as
bacterial attach should be bourne in mind. These alternatives
could however prove to be economical and development of
plastics and fabrics should be closely followed.

4. DURABILITY

Durability is of utmost importance since the corrosion of
the reinforcement strips has always beep a mjor concern.
An extensive program of tests has been initiated to define
durability. Although in general corrosion as a phenomenon
is fairly well understood the influence of various para-
meters such as degree of compaction, moisture content,
bacterial resistivity and chemical content on the rate
and extent of corrosion remains to be researched further.
It was agreed that present knowledge is sufficient
provided that specifications regarding type of backfill and
sacrificial thickness of steel are adhered to.
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Romanoff’s research on the corrosion of pipe culverts
in the U.S.A, remains the basis for the estimation of
sacrificial thickness of reinforcement. It is generally
acknowledged that galvanised mild steel is the safest
material available.

While it is generally argued that a failure of a
reinforced earth structure will be gradual, thus
giving ample warning of impending disaster, test
structures in accelerated corrosion tests fail suddenly
probably due to the fragility of the strips.

Theoretical assumptions such as those of the characteristics
of the plane of rupture have been confirmed and it also
seems that structures only fail when the factor of safety
has decreased to far less than unity .’

OTHER TECHNIQUES DF SOIL REINFORCEMENT

Papers on soil reinforcement other than Reinforced Earth were
submitted in the following three categories.

(i) The reinforcement of soil by inclusions (randomly
orientated fibres or rigid inclusions).

(ii) Stone or sand columns.

(iii) Root piles and soil nailing.

1. REINFORCEMENT OF SOIL BY INCLUSIONS.

Reinforcement of soil by inclusions is by no means a new
development since logs and earth fortifications were
built by the Gauls and in China dykes were constructed
using earth and tree branches. There have however been
some significant developments in technique and knowledge
since these early structures were erected.

Triaxial tests on soil mixtures prepared from fibres
and soil have shown that depending on the quantity
(density) of fibres both strength and ductility are
increased. It is important to note however that the
reinforcement inherently increases the porosity and
therefore decreases the strength and that therefore in
order to take advantage of the possible increases in
strength and ductility greater densities through
greater compactive efforts are required.



17

The add i t i on  o f cement i nc r  ’ast.s s t r eng th  fu r the r  and t he
use  o f  bo th  pu lp  and  po l yp rooy  l one  f i b res  was . i nves t i ga ted .
I t  was a l so  f ound  t ha t  r i g i d  i nc l us i ons  used  i n  back f i l l
a round  p i pes  s i gn i f i can t l y  dec reases  the  de fo rma t i on  of '
t he  p i pes .

2 .  STONE AND SAND COLUMNS

The use  o f  s t one  o r  sand co lumns improves  t he  bea r i ng
capac i t y  and dec reases  conso l i da t i on  se t t l emen t  o f  t he
so i l  by concen t ra t i ng  t he  deve loped  s t r esses  i n  t he
g ranu la r  ma te r i a l  and by imp rov ing  t he  d ra i nage  cha rac -
t e r i s t i c s  .

3 .  ROOT PILES AND SOIL NAILING

Most i n t e res t i ng  i s  t he  so  ca l l ed  Root  P i l e  method o f
imp rov ing  s tab i l i t y  i n  wh i ch  t he  s tab i l i t y  o f  wea the red
and f r ac tu red  s l opes  may be  imp roved  by ancho r i ng  a
re i n fo r ced  conc re te  g r i l l  w i t h  r e i n fo r ced  conc re te
ancho rs  t o  sound rock  and g rou t i ng  up  t he  mass i n  between
the  p i l es .

The method o f  So i l  Na i l i ng  whereby t he  ea r t h  may be
re i n fo r ced  i n - s i t u  by  na i l i ng  de fo rmed s tee l  o r  p l as t i c
ba rs  ( 20  t o  30 mm d iame te r )  i n t o  t he  g round  and g rou t i ng
the  space between so i l  and  na i l  i s  p rom is i ng .  No p res t ress ing
i s  r equ i red  and t he  na i l s  a re  connec ted  by  a sho t c re te  sk i n .
Th i s  t echn ique  seems to  be  em inen t l y  su i t ab le  f o r  use  i n
cu t s  where conven t i ona l  Re in fo r ced  Ea r th  necess i t a tes
a l a rge r  excava t i on .

I n  summar i s i ng  t h i s  con fe rence  i t  may be s ta ted  t ha t  a con t i nuous
and impo r tan t  deve lopment  i n  t he  des ign  o f  and  t he  use  o f
r e i n fo r ced  so i l  can  be  f o reseen  and t ha t  improvements  t o  t he
techn ique  on  a l l  l e ve l s  ( des ign ,  cons t ruc t i on  e t c . )  and new
app l i ca t i ons  w i l l  evo l ve  f r om a c l ose  co -ope ra t i on  between
con t rac to r s  and t he  C i v i l  Eng inee r i ng  p ro fess ion .

N .  ZOOMERS
REINFORCED EARTH (PTY) LIMITED
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COURSE ON GEOLOGY AND ENGINEERING

The course which was held recently at the C.S.I.R. conference
centre launched Dr. Tony Brink’s book on Engineering Geology
most audibly. The course itself introduced each chapter of
tho book and highlighted the text of each. It also went
beyond the back cover of the book to ultimately cover the
complete South African Geological succession including the
Transported and Pedogenic materials usually neglected under
the heading of Geology.

It was a pity that Dr. Brink’s second volume was not available -
unfortunately we shall have to wait until 1980/81 for that.
It would however have been useful to have received a set of
course notes for the second half of the course. This would
have at least saved some delegates some feverish note taking.

The worst criticism which could be levelled at the course
and its organisers is from the Engineers "to much Geology"
and from the Geologists "too much Engineering". Of course if
this complaint had been heard from one camp only then it
would have been valid as a criticism but the fact that the
yesses were as many as the nos says that the content and
presentations were well balanced and that the course was probably
a success.

Professor Dennings in his opening address paid attention
to some points of concept which bear repeating. As the longest
standing champion of the concept of the Geotechnical Engineer
and Engineering Geologist working as a team Prof. Jennings
emphasised that Engineers and Engineering Geologists should
and must work together but should never try to do each others
work. It is most important, he said, that an Engineer obtain
an understanding of the site through an understanding of the
Geology and how else but to work with someone with Geological
background and Engineering experience combined. Too many
Engineers believe that they can - of course there are a few
who could - handle the definition and description of the site
Geology singlehanded.

It is important to recognise the expertise of the Engineering
Geologist and make use of him in such fields as Geomorphology,
photo-interpretation thermal imagery, Geophysical methods and
many others.

Prof. Jennings also emphasised that soils and rocks are not
"nice uniform masses" but that categorization and typing is
most important in obtaining a wider understanding of the
strata on which we build. This philosophy can well be
understood when on considers the vast significance of the
simple phrase - "some residual decomposed Granites have a
collapsible grain structure" or sees in a orofile the words
"pebble marker".
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Theo Walraven, Chairman of the South Africa Committee for
Stratigraphy presented a very well illustrated description
of the new nomenclature. Many who have spent hours
studying the old stratigraphic series (or is it senuences’.')
must have felt rather unhappy at facing the prospect of
having to convert all their experience to the new names.
There was of course also an outcry when the decimal
monetary system we know today emerged and the same when the
metric system was introduced over a decade later. These
conversions have proved themselves to have been justified
many times over and if the new nomenclature can do the
same there will be few compalints. Many are however sceptical

There were many excellent presentations ( and some poor ones)
too many unfortunately to present a short summary in this note.
It is therefore hoped that some of the presenters may be
persuaded to publish their contributions in the magazine in
future issues.

The course was indeed a course, but it went further, to show
to Geotechnical Engineers what Engineering Geologists can do
and how we can work together in the future. Dr. Brink is to be
congratulated on his book which is a further contribution
(a most significant one at that) to our mutual understanding
of the respective allied disciplines and is likely to form a
basis for future co-operation and working relationships between
Engineers and Geologists.

JOHN UATE5

TECHNICAL ARTICLES IN GROUND PROFILE.

As mentioned elsewhere in this issue, we hope to see G.P. being
used increasingly as a means of informal communication between
members of the division. From a technical point of view, the aim
is to get you thinking and questioning, and airing your opinions
in these pages.

To maintain some continuity, we’ll try and follow a technical
theme for a few issues, and the first of these is on Expansive
Soils. There is perhaps a tendency in most engineers to stay

with the tried and tested methods, in all branches of engineering.
That’s all very well, but those methods should never be used without
thought as to the validity of their application in any given situation.

In starting the ball rolling, Ian Brackley dicusses the validity
of available heave prediction methods, and highlights with a
monitored case study the real difficulties of accurate heave
prediction. Your comments and own experiences into Ground Profile,
please.
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PREDICTION OF HEAVE I'NDFP FOUNDATIONS.

By Ian Brackley*

INTRODUCTION :

In South Africa, heave of expansive clay is routinely predicted using index
test and grading analysis results in the method of Van der Merwe (1964)'.
If the extra cost is justified, undisturbed sat.pies are sometimes taken and
tested in the laboratory using the 'Double Oedometer' method*.

In discussing these and three other prediction techniques, I intend to
emphasise the limitations which can result in an incorrect evaluation of

potential heave. Heave is affected by soil suction, density, external
loading and stress history, and it is neglect of one or more of these factors

which can cause errors.

The need for brevity in this article demands an almost telegraphic style
which will permit unsubstantiated assertions. (More detail will be found in

a forthcoming publication - 'Effect of density, moisture content and load
upon clay swell, and methods of prediction of heave').

PREDICTION METHODS :

a) Van der Merwe (1964) Method:

Derived from level measurements on a few sites on the Highveld, the
method uses a chart proposed by Williams (1958)-' to predict heave using

the plasticity index and percentage of clay. If the reader examines
the data from which the assumed relationship between expansiveness

and activity was deduced , he will agreed that there is not yet

justification for using the percentage clay fraction as one of the
criteria of heave potential. That is, a soil should be classified
by its plasticity index only.

A more fundamental criticism of the method is that, because it is

derived from results of a few measurements in a particular region, it

is not generally applicable. Experience has proved that, although it

can be used in many areas, there are indeed situations to which the
method does not relate. For instance there will be overprediction in

more humid areas (e.g. Magoebaskloof) and underprediction in more

arid places (e.g. Kimberley). Heave will also be overpredicted for
some residual soils because of their low densities.

Although the Van der Merwe method is only applicable to light structures,

I have made allowance for significant foundation loads by treating the
increase in pressure as an equivalent depth of overburden. Thus, if the

increase in vertical pressure at the centre of the layer from two to
three metres below the surface is say 20 kPa, I would take the layer as

being from three to four metres in Van der Merwe's equation

(20 kPa — 1 m of overburden).

* Dr. Brackley is a geotechnical engineer with Ove Arup and Partners in

Johannesburg. Until recently, he held the position of Research Officer
at the National Building Research Institute, and carried out work on

factors affecting heave, for which he was awarded his doctorate by

Natal University in 1976.












