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EDITORIAL.

In  the f i e ld  o f  geo techn ica l  engineer ing ,  i t  i s  always ea sy
to  point  to  the la rge  and p re s t i g ious  p ro j ec t s ,  and demonstra te
the ro l e  o f  the p ro fe s s ion .  The nuclear  power s t a t i on ,  the
e legant  b r idge ,  the deep  basement ,  the high earth dam, the
soar ing tower b lock ,  a l l  s ecu re ly  f ixed in  Mother Ea r th .
Perhaps more d i f f i cu l t  t o  s ee  in  pe r spec t ive  i s  the p ro fe s s ion ’ s
ro l e  in  j obs  o f  much smal le r  s i ze ,  but o f  f a r  greater  f requency.
And o f  t hese  sma l l e r  apparent ly  mundane j obs ,  the most
cha l l eng ing  and most  d i f f i cu l t  must su re ly  be  t hose  involving
expansive so i l s .

Some years  ago i t  was e s t ima ted  that in  the U.S.A, a lone ,  the
annual cos t  o f  damage caused  by  expansive so i l s  was 2 b i l l i on
do l l a r s .  This sum might  seem to t a l l y  incredible  at  f i r s t  s i gh t ,
because  i t  i s  easy  to  f a l l  into the trap o f  regard ing
expansive so i l  as  simply causing problems on  a l oca l i s ed  s ca l e .
The exper ience  o f  the individual  i s  usual ly  l imited to  a few
bad ca se s  o f  damage. When t he se  ca se s  are combined on  a
country-wide bas i s  however ,  and the cos t  o f  damage i s  t o t a l l ed
up ,  the f inal  sum i s  s t agge r ing .

In South  Af r i ca ,  the annual cos t  o f  damage caused  by expansive
so i l s  i s  obviously  a very  smal l  f ract ion o f  the U .S .A . ' s
2 b i l l ion  do l l a r s .  The populat ion and land a rea  are far
sma l l e r .  Development i s  a t  a p ropor t iona te ly  lower l eve l .
And th i s  country can be proud o f  i t s  ear ly  recogni t ion  o f  the
problem some 30 years  ago ,  with the subsequent  e f fo r t s  in
p red i c t i on ,  des ign  and cons t ruc t ion  doub t l e s s  saving many
mi l l i ons  of r ands .  But a t  a rough gues s ,  the cos t  o f  damage
in South Af r i ca  due t o  expansive so i l s  p robab ly  l i e s  around
15 mi l l i on  rands pe r  yea r .

Whatever the present  f i gu re ,  one th ing i s  ce r t a in .  The cos t
w i l l  r i s e  un le s s  more economica l ,  r e l i ab l e  and s imple
foundat ion so lu t ions  are found,  and app l i ed ,  in  the  f i e ld  o f
hous ing .  As t h i s  co in t r y  deve lops ,  and i t s  popu la t ion  grows ,
the  demand for hous ing  in  bo th  quant i ty  and qua l i ty  w i l l
i nc rea se ,  l ead ing  t o  bu i ld ing  in  l e s s  and l e s s  geo techn ica l ly
favourable  a r ea s .

In t h i s  i s sue ,  Terry P idgeon  examines foundation op t ions  in
expansive so i l s .  Af : e r  r ead ing  i t ,  you w i l l  r ea l i s e  tha t  no
s imp le  answers  ex i s t ,  and new methods are  s t i l l  be ing
inves t i ga t ed .  But t i i s  i s  the e s sence  of geo techn ica l
eng inee r ing ,  t o  cont inue  to  l ook  for  cheaper  and s imp le r
so lu t i ons  t o  complex p rob lems .  With the cos t  o f  damage due t o
expans ive  so i l s  be ing  so  h igh ,  and l i ke ly  t o  get  h ighe r ,  t he
incen t ive  to  f ind be t t e r  answers i s  c e r t a in ly  cons ide rab l e .
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PROF. JERE JENNINGS (1912 - 1979)

It is with regret that we record the passing of
Prof Jere Jennings on 26th August, 1979.

Since we could do the great man a descredit by
attempting to summarise his background and
achievements in these pages it has been decided
to wait for the biography which is being prepared
L) Di. lony blink, F*i. Guuige Cunaldson and Dr. 7on>
Williams. The biography is to be published in
the January issue of the Civil Engineer.

PRESENT AND FUTURE DIRECTION OF S.A.I.C.E.

The Institution, as you may be aware, has an Objectives and
Policy Development Committee, which is taking a critical
in-depth look at the present activities of the Institution,
to see whether they can be improved or expanded.

All members are being asked as a matter of some urgency to
assist in generating ideas in this regard, or to provide
constructive criticism as to how the Institution might function
more effectively. Trevor Giddings is acting as liaison for
the Geotechnical Division, so please drop him a line in the
near future at P.O. Box 3132, Cape Town if there is anything,
however large or small, that you feel should be changed in the
Institution. He will pass all your ideas through to the
Objectives and Policy Development Committee. If he doesn’t
hear anything from you, then you must be perfectly satisfied!

PREDICTION OF HEAVE:

If after reading Ian Brackleyfe article 'Prediction of Heave Under
Foundations' , in the last issue of G.P. you rushed out, bought a
psychrometer, tested your suspect site for expansive conditions,
and calculated that your proposed structure was about to enter orbit,
you can relax. Divide your answer by ten. Yes, unfortunately the
formula on page 23  was given incorrectly, and should have read

(PI - 10)
10

, S
10 810 pSwell percent

Please get out your last issue straightaway, turn to the last page,
and make the correction. It could save you from some unnecessary
nasty shocks in the future.

APOLOGY

The geotechnical division wishes to apologise to any
members and visitors who turned up for Prof. Savage’s
talk scheduled for tuesday evening 23rd October at Kelvin
House only to find that the talk had been cancelled.

Prof. Savage was taken ill just before the occasion
and had to be admitted to hospital. Unfortunately
it was impossible to reach all members in time.

We trust Prof• Savage will get well soon.
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NATURAL DISASTERS
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7 - 9 th  Janua ry  1900

SPONSORED BY

Un i t ed  Na t i ons  Educa t i ona l ,  Sc ien t i f i c
and  Cu l t u ra l  O rgan i sa t i on
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As ian  I ns t i t u t e  o f  Techno logy
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Sou theas t  As ian  Soc ie t y  o f  So i l  Eng inee r i ng
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THE PROGRAM OF THE CONFERENCE INCLUDES SPECIAL INVITED LECTURES BY OUTSTANDING
INTERNATIONAL EXPERTS OF NATURAL HAZARDS DUE TO FLOODS, DRAUGHTS, EARTHQUAKES, TYPHOONS,
CYCLONES, LANDSLIDES, VOLCANIC ERUPTIONS, ETC.

IN  ADDITION SEVENTY-THREE PAPERS ARE INTENDED TO BE PRESENTED AND DISCUSSED IN
TECHNICAL SESSIONS ON THE THEMES:-

Mode l l i ng ,  M i t i ga t i on  and  Con t ro l  o f  Na tu ra l  Haza rds  ( 11  pape rs )  * Ea r thquake  E f f ec t s
as  Na tu ra l  Haza rds  on  S t ruc tu res  (11  pape rs )  * Geo techn i ca l  Aspec t s  o f  Na tu ra l  Haza rds
(12  pape rs )  * F l ood  P ro tec t i on  and  Con t ro l  ( 0  pape rs )  * S t rong  b i nds  and  Cyc lones  as
Na tu ra l  Haza rds  ( 9  pape rs )  * Ma te r i a l s  and  S t ruc tu ra l  Components  Res i s t i ng  Na tu ra l
Haza rds  ( 10  pape rs )  * Neu Ho r i zons  o f  Ea r thquake  Res i s tan t  Ana l ys i s  and  Des ign  o f
S t ruc tu res  (12  pape rs )  *

CONTRIBUTIONS ON THE ABOVE THEMES ARE RECEIVED FROM TWENTY F IVE  COUNTRIES, NAMELY
AUSTRALIA, BANGLADESH, CANADA, DENMARK, FRANCE, HONG KONG, IND IA ,  INDONESIA, ITALY ,
JAPAN, KENYA, KOREA, MALAYSIA, PAKISTAN, PHIL IPP INES,  REPUBLIC OF CHINA,  SAUDI ARABIA,
SINGAPORE, SR I  LANKA, THAILAND, TURKEY, U .K . ,  U .S .A . ,  U .S .S .R .  AND WEST INDIES .

AUSPICES

In te rna t i ona l  Soc ie t y  f o r  So i l
Mechan i cs  and  Founda t i on
Eng inee r i ng

Japan  Assoc ia t i on  f o r  Wind
Eng inee r i ng

U .S .  W ind  Eng inee r i ng  Resea rch
Counc i l

I n t e rna t i ona l  Assoc ia t i on
Ea r thquake  Eng inee r i ng

In te rna t i ona l  Assoc ia t i on
Eng inee r i ng  Geo logy

In te rna t i ona l  Assoc ia t i on
Hyd rau l i c  Resea rch

In te rna t i ona l  Assoc ia t i on
Hyd ro log i ca l Sc iences

f o r

f o r

f o r

fo r

REGISTRATION FEES

( Inc ludes  a Bound  Volume o f  Con fe rence  P roceed ings )US |  80

US |  20

PARTICIPANT

ACCOMPANYING PERSON

FOR THE CONFERENCE, PLEASE DO SO IMMEDIATELY BYIF  YOU HAVE NOT YET REGISTERED
CONTACTING:

P ro fesso r  P i s i dh i  Ka rasudh i  o r
P ro fesso r  A .S .  Ba lasub raman iam
As ian  I ns t i t u t e  o f  Techno logy
P .O .  Box 2754 .
Bangkok ,  Tha i l and
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LETTERS TO THE EDITOR

"WHOSE RISK, IS  IT? "

THE CLIENT'S OR CONTRACTORS

The a r t i c l e  by  Jack Ca ldwe l l  i n  you r  Ju l y  i s sue  i s  of  obv ious
i n te res t  t o  a p i l i ng  con t rac to r :  o the r  t ypes  o f  f ounda t i on  o r
geo techn i ca l  cons t ruc t i on  re l a ted  t o  t he  so i l  p ro f i l e  shou ld  of
cou rse  be bo rne  i n  m ind .

I t  i s  i n f e r red  immed ia te l y  t ha t  t he re  i s  a r i s k  bu t  i ns tead  of
mak ing an  i s sue  o f  " r i s k ”  su re l y  t he  sub jec t  o f  r i s k  r educ t i on
shou ld  have p r ima ry  cons ide ra t i on .  I t  i s  i n t e res t i ng  t o  cons ide r
t he  t ype  of  i n f o rma t i on  t ha t  i s  i nc l uded  w i t h  t he  many enqu i r i es
fo r  p i l ed  f ounda t i on  cons t ruc t i on  and a few a re  cons ide red : -

( a )  no  so i l s  i n f o rma t i on  - each con t rac to r  must a r range  f o r
h i s  own i nves t i ga t i on  (o r  dec ide  no t  t o  bo the r ) ,

( b )  l im i t ed  i n fo rma t ion  - t he  s i t e  on t he  ad jacen t  b l ock
had  such and such p ro f i l e  or  t es t  p i t s  co l l apsed  a t
2 ,5  me t res ,

( c )  sma l l  d i ame te r  co re  d r i l l ed  or  a i r  d r i l l ed  ho les  -
use fu l  bu t  sometimes no t  su f f i c i en t ,

( d )  l a rge  d iame te r  auger  ho les  combined w i t h  ( c )  above -
a lmos t  s tanda rd  p rocedure  in  t he  T ransvaa l  f o r  t he
p ro jec t  w i th  ex tens i ve  f ounda t i on  work and ,  in  one
recen t  example coup led  w i t h  a programme of  t r i a l
p i l es  where the  consu l t an t  no ted  a l l  pe r t i nen t  da ta
concerned  w i t h  dep th ,  p ro f i l e ,  d r i l l i ng  t ime ,
seepage e t c .

The f ou r  bas i c  p resen ta t i ons  above may be  r e l a ted  d i r ec t l y  t o  t he
e l im ina t i on  o f  t he  degree o f  r i s k :  t he  re l uc tance  o f  a consu l t an t
t o  accep t  r espons ib i l i t y  f o r  h i s  so i l  p ro f i l e  i s  mere l y  an  a t t emp t
a t  t r ans fe r r i ng  t h i s  r i s k  ( hope fu l l y )  t o  someone w i l l i ng  t o  accep t
i t .

However,  t he  p rov i s i on  of  t he  most use fu l  i n fo rma t i on  a imed a t
e l im ina t i ng  o r  r educ ing  t he  r i s k  w i l l  have been p rov ided  under  ( d )
above and t he  enqu i r y  document w i l l  have been i s sued  t h rough  a
spec ia l i s t  geo techn i ca l  consu l t an t ,  ab le  t o  dea l  w i t h  t he  p rob lem.
Such a document sa fegua rds  t he  c l i en t  and t he  con t rac to r  and •
f u r t he r ,  i t  i s  l i ke l y  t ha t  t he  c l ause  d i sc l a im ing  respons ib i l i t y
f o r  t he  so i l  p ro f i l e  w i l l  be exc luded  f rom,  t he  document .

A t ende r  i s sued  w i t h  l im i t ed  so i l s  i n f  e rns t  z " r  . i l l  r esu l t  i n  t he
con t rac to r  mak ing p rov i s i on  f o r  added r i s k :  t h i s  p rov i s i on  cos t s
money and  o f t en  an  app rec iab le  amount more t han  t he  cos t  o f  a
s i t e  i nves t i ga t i on .

2 /
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The advice of the contractor may be sought to determine the most
acceptable foundation solution but opinion will invariably be
influenced by the ground conditions (unless for example a
geographical influence imposes a restraint). This only serves
to emphasize that, in the context of Caldwell's article the
interests of the client and the contractor are best served by
employing a specialist geotechnical consultant able to conduct
an investigation that is not fully quantified in advance. This
will allow the investigation to be altered if necessary, to
provide information relevant to the project under consideration.

By fallowing this procedure it is possible to issue a tender
document with a degree of confidence that will provide for the
exclusion of the pitiful cry "soils information provided for
information only ...." and the same consultant will be able to
analyze the cost responsibility between contractor and client
where variation occurs.

Clients don't always employ specialists and the preparation of
the fixed lump sum contract document is often hatched at the
client/architect/general consultant level. There will always
be a "general consultant" and it is here that a Geotechnical
Division, Specialist Committee, South African Core Drilling
Association or whatever should continue to aim at exerting an
influence: the general body of the engineering profession can
be made more aware of acceptable procedures for reducing risk
both to client and contractor.

W.F. HARTLEY

MCLAREN i EGER PTY. LTD.

WHOSE KISK IS IT?

THE CLIENT'S OR CONTRACTOR'S

The article in the Duly issue of Ground Profile by Jack Calweld
and comments by Trevor Giddings made interesting reading. As a
member of a contracting organisation involved in both subsoil
investigations and pile installation, I offer my views.

Firstly, it appears that there is a growing awareness of the
basic unfairness of the statement : "The soil profiles are
provided for information only; the contractor must satisfy
himself as to their accuracy and to the existing soil conditions
on the site." This or similar statements already have been
removed from some sepecifications. There are some views that
depending on overall circumstances this disclaimer could be
challenged in the courts with success.



As often as not the contractor is given insufficient time before
tenders close to satisfy himself as to the accuracy of the subsoil
information. Where there is sufficient time, - is it reasonable
to expect each prospective tenderer to repeat the subsoil invest-
igation? It must be remembered that the cost of additional sub-
soil investigation will have to be recovered and most likely by
increased rates for which clients subsequently will pay.

It seems obvious that most problems would be eliminated if the
subsoil investigation conducted for the client was executed
properly in the first place. Most clients are prepared to pay
for this work and have the right to expect accurate information
from which they can derive the advantages of being able to stand
by the information supplied. Firstly, a sound and fully exper-
ienced contractor should be employed to undertake the subsoil
investigation. Too often the lowest bid is accepted which may
have been submitted by an inexperienced or poorly equipped driller
who subsequently may be supervised inadequately and to top it all,
the soil description of the driller is accepted and later noted in
the logs forming part of the foundation tender documents.

In my opinion far greater care would be experienced in executing
the subsoil investigation if it was not possible for anyone to
hide behind a disclaimer for responsibility. Full time supervision
of the subsoil investigation, which Trevor Giddings rightly suggests
as a method of raising the quality of a soil investigation, also
would carry the advantage of being able to readily modify the
investigation approach as the work progresses to meet the conditions
being encountered. An inadequate or misleading subsoil report
could have more serious repercussions than having no subsoil
investigation at all.

Should the client accept responsibility for the soils information
supplied, he is at the risk for extra claims if this information
is at variance with the conditions encountered.

The problem, as pinpointed by Jack Calweld, is to determine the
extent to which this variance is material and effect on the
particular foundation installation. Looking at this in relation
to piling, this problem could be over-emphasised if one assumes
that the probable variations of an accurate subsoil investigation
can be assessed. The client should select a pile type which can
cope with these probable subsoil variations. For example, where
boulders of 25omm diameter are shown in the soil profile, do not
specify or accept bored piles of only 300mm diameter as a small
increase in boulder diameter will cause major installation
problems and lead to claims.

Claims for unforeseen conditions are often regarded as a nmnr
of profiteering by the contractor, whereas in just about all
cases, they are an attempt to recover costs incurred as a result
of the changed conditions. The best profits on foundation
contracts are made when the full subsoil conditions are known
and the contractor is prepared for most possible events and
completes the contract in his tendered time or hopefully ahead
of schedule.
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I ag ree  f u l l y  w i t h  lack  Ca lwe ld ' s  v i ew  t ha t  t he  gene ra l  consu l t an t
shou ld  use  t he  se rv i ces  o f  a spec ia l i s t  geo techn i ca l  consu l t an t  i f
t he  gene ra l  consu l t an t  i s  i n  any  way l im i t ed  i n  h i s  know ledge  o f
p i l es .  However ,  t h i s  does  no t  mean t ha t  t he  consu l t an t  shou ld  be
fam i l i a r  w i t h  a p l e tho ra  of  brand-name p i l es .  He shou ld  have  a
bas i c  unde rs tand ing  o f  t he  va r i ous  p i l e  t ype  ca tego r i es ,  name ly
d r i ven  so i l  d i sp lacemen t  t ype  w i t h  p re fab r i ca ted  or  cas t - i n - s i t u
sha f t s ,  bo red  (auge red )  so i l  r emova l  t ype  w i t h  or  w i t hou t  t emp-
o ra ry  or  pe rmanen t l y  l i ned  sha f t s  and compos i t e  t ype  p i l es .  Mos t
tender  documents ca l l  f o r  t he  con t rac to r  t o  submi t  a de ta i l ed
desc r i p t i on  of  t he  me thod  o f  p i l e  i ns ta l l a t i on  w i th  h i s  t ende r .
I n  some cases  i t  wou ld  be  advan tageous  f o r  t he  t ende r  document  t o
ac tua l l y  spe l l  ou t  t he  p rob lems  env i saged  by  t he  consu l t an t  and
to  requ i re  t he  con t rac to r  t o  e l abo ra te  on  how h i s  p roposed  method
of  i ns ta l l a t i on  w i l l  cope  w i t h  t hese  p rob lems .

The reasons  f o r  t he  need  f o r  t he  d i sc la imer  f o r  r espons ib i l i t y
fo r  t he  so i l  cond i t i ons  so  o f t en  i s  l a i d  a t  the door  o f  t he
"ava r i c i ous " ,  " unsc rupu lous "  or  d i shones t "  con t rac to r .  The days
of  t h i s  t ype  of  con t rac to r  i s  over  or  ce r t a i n l y  numbered as  a re
the  days  of  t he  c l i en t  who de l i ve ra te l y  omi t s  r e l evan t  i n f o rma t i on
in  o rde r  t o  ob ta i n  a cheape r  p r i ce .

The ra t i ona le  f o r  t he  accep tance  of  r espons ib i l i t y  f o r  t he  subso i l
i n fo rma t i on  by  t he  c l i en t  w i t h  due a l l owance  i n  t he  document f o r
changed cond i t i ons  was we l l  s t a ted  by  1976 Supreme Cou r t  o f
W iscons in  USA dec i s i on :

"The  changed cond i t i ons  c l ause  in  a con t rac tu ra l
i nnova t i on  des igned  f o r  t he  mu tua l  bene f i t  o f
bo th  t he  Owner and  t he  Con t rac to r .  The Owner
bene f i t s  by  use  of  such  c l ause  because t he
Con t rac to r  no  l onge r  needs  t o  add l a rge
con t i ngency  sums t o  h i s  b i d  i n  o rde r  t o  cover
t he  r i s k  o f  encoun te r i ng  adve rse  subsu r face
cond i t i ons .

The Con t rac to r  bene f i t s  because  he  i s  awarded
ex t ra  compensa t i on  i f  adve rse  subsu r face
cond i t i ons  are  encoun te red  wh i ch  ma te r i a l l y
d i f f e r  f r om those  i nd i ca ted  in  t he  con t rac t .
Thus ,  much of  t he  gamble  is  t aken  ou t  o f
u rde rg round  cons t ruc t i on .  The government
dees  no t  have  t o  pay  t he  Con t rac to r  a w ind fa l l
p r i ce  when on l y  norma l  cond i t i ons  a r i se .
F i  r t he rmore  , bo th  pa r t i es  bene f i t  by  t he
e> i s t ence  o f  an  i n f o rma l  mach ine ry  f o r  r eso l v i ng
p rob lems  t h rough  nego t i a t i ons  ra the r  t han  l i t i ga t i on . "

D .  BRINDLE.

FRANKIPILE S .A .  PTY. LTD.
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FOUNDATION OPTIONS FOR EXPANSIVE SOILS.

by J.T. Pidgeon

INTRODUCTION :

The search for a reliable, economic, and simple foundation treatment
for light structures and in particular private housing, has been carried
out relentlessly by the National Building Research Institute for the last
•30 years. Many possible solutions have been investigated and have
generally proved to be successful in satisfying one, or in some cases
even two, of the above requirements. Unfortunately to date the ideal
engineering solutions have rarely been found acceptable to the public as
a result of their high cost. This factor is even more crucial in the
provision of low-cost housing, and may result in a foundation or
structural treatment being selected which does not adequately satisfy
serviceability requirements. In this paper the different techniques which
may be used to solve varying degrees of expansive soil problems are
outlined briefly. The relatively new approach of using a stiffened
slab to reduce differential movements to acceptable levels is introduced,
and it is hoped that this approach can be shown in the near future to
meet all three of the above requirements.

POSSIBLE SOIL AND STRUCTURAL TREATMENTS :

Many techniques have been investigated in an attempt to find solutions
to the problem of foundation in expansive soils. These techniques are
based on one of the following principles:

(a) modifying the behaviour of the soil,

(b) improving the response characteristics of the structure,

(c) combining these two approaches and utilizing the soil-structure
interaction phenomenon,

(d) isolating the structure from the expansive soil layer.

These are dealt with in turn below :

(a) Modification of soil behaviour :

By considering the factors which affect the nature and extent of
heaving when a structure is built on an expansive soil, it has
been possible to devise techniques which modify the soil
behaviour. The potential expansiveness of a soil is determined
by its mineralogical composition and the physicochemical forces
acting within its structure. By chemically interfering with these

Terry Pidgeon obtained his MSc. in soil mechanics at Imperial College
London in 1974, and after experience with a large S.A. contractor, and
with the Kwazulu Government Service, joined the Geotechnical Division
of the N.B.R.I. a year ago, where he now holds the position of Chief
Research Officer.
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forces, the potential expansiveness may be reduced, the basic
principle being that an increase in the ionic concentration in
the free water reduces the base exchange capacity, and thus the
activity of the clay. Overseas research has shown a wide range
of organic and inorganic chemicals to be effective under laboratory
conditions, but their application in the field has generally been
found very difficult. There is no supporting evidence to date
that the use of chemicals has any economic justification
(Gromko 1974). Lime stabilization has been used successfully for
pavement construction and it has been found that, in addition to
reducing potential expansiveness, it changes the soil texture
through flocculation of the clay particles, and improves the
structural capacity. Intimate mixing of the lime and clay is
required for success and the amounts of lime used range from 3
to 7 per cent in the various cases reported. Lime may also be
added in slurry or dry form, the former being applied under
pressure at either the surface or through an injection technique.
The success of the pressure-injection method is dependent on the
extent of lime migration into the swelling soils and this is not
likely to be adequate unless the clay is highly fissured or
shattered. The use of cement has an advantage over lime in that
the stabilized layer acts as a semi-rigid slab and tends to reduce
the potential differential heave from deep seated movements
(Chen 1975).

Few examples of the use of chemical stabilization as a foundation
treatment on expansive soils have been reported. It has generally
been found to be either impracticable or highly expensive but its
potential does appear to warrant further investigation.

Variations in the moisture regime of a potentially expansive soil
are the root cause of volume changes, and thus any measure which
is aimed at stabilizing this regime is a possible treatment option.
Chemical stabilization and especially the use of organic compounds
has, in addition to its other effects, a tendency to waterpoof the
surface soil layer. Concrete, asphalt or polythene membranes
provide more effective water barriers and should be laid at a
reasonable fall away from the building to prevent ponding near it.
The aim of this measure is to move the zone of seasonal moisture
variation away from the edges of the building. It may be used
either in conjunction with pre-wetting, as an additional measure
with conventional, semi-flexible or split construction, or as a
remedial measure for a distressed house built without any
precautions on expansive soil. Care must be taken with rigid
membranes to provide sufficient expansion, and construction joints
which must be waterproofed.

In order to speed up the heaving process which will occur as
moisture accumulates under the building, and also to avoid an
edge heave situation developing, the technique of wetting up the
expansive soil prior to construction was investigated.
Pre-wetting may be carried out by surface ponding or accelerated
by the provision of well points. This method relies however on
the prevention of subsequent moisture loss from around the edges
of the building due to evaporation or evapotranspiration. It
is essential therefore to provide an impermeable membrane around



the structure and to site trees and bushes a considerable distance

from the building. If edge shrinkage were to occur, it is possible

that it would be more exaggerated in the case of pre-wetting than

where the moisture had accumulated gradually under the building.
This conclusion has been reached on the basis of evidence that the

total heave is dependent on the load-wetting sequence, (Brackley

1975), and would probably be greater in the case of pre-wetting.
The difficulty in accurately predicting the edge moisture variation

distance is an additional problem in the use of this technique,
which should not be regarded as a complete solution.

In some instances it may be economically feasible to replace all

or a part of the expansive soil layer with non-expansive material
or to recompact the in-situ material to a lower density. These
methods have the advantages of being less expensive than chemical

stabilization, and not causing the delays which are inherent with
the pre-wetting technique.

(b) Adaptation of the structure :

Having estimated the maximum total and differential heaves, the

structure may be designed to accommodate this movement without
unsightly cracking. This may be done by adopting semi-flexible

or split-construction but there are limitations to the extent of
differential movement which these methods can tolerate before

becoming unserviceable. By pre-wetting the soil, it may be
possible to bring the potential differential movement within the

range of a flexible treatment. Comprehensive details of the split-

construction method can be found in papers by Jennings & Kerrich
(1962), Jennings & Evans (1962) and Webb (1969).

Although not often used in domestic housing, steel and wood-framed
structures are capable of withstanding large differential movements.

The allowable magnitude of this movement can be increased by

articulating all the structural connections of beams to columns and

columns to foundations. In addition provision must be made for
cladding and partitions to move freely without angular and

longitudinal distortion by the generous provision of movement gaps
and joints. This is the basic idea behind the CLASP-system which

has had considerable success in the U.K. in overcoming problems
due to mining subsidence, more details of which may be found in the

papers by Gibson (1957).

(c) The use of soil-structure interaction :

Claims have been made in both Austral ia and the U.S.A, that, by using

a stiffened raft foundation, :he differential movements experienced

by the structure may be reduc ;d or eliminated altogether depending
on the stiffness of the slab. If one accepts that ideally the long
term heave conditions are as shown in Fig. 3,  the problem becomes

one of predicting the worst possible support condition for the raft
foundation. The slab must then be capable of limiting deformations
to amounts which can be tolerated by the structure, thus the cost of

the slab can be varied depending on the level of serviceability
demanded of the structure as well as the soil conditions. Although
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actual comparative cost estimates under South African conditions
are not yet available, some guidance may be obtained from
Australian experience, and Figure 1 indicates the relative cost of
stiffened slab and pier or pile foundations for varying depths of
expansive soil. Three slab types have been recommended by Walsh
(1974) for use on expansive clay soils. These are shown in
Figure 2 and brief descriptions are as follows :

Type 1 Thin slab - 100 mm slab with light edge beams.

Type 2 Light stiffened raft - 100 mm slab with stiffening
beams, at 3 - 4 m spacing and 400 mm depth.

Type 3 Heavy stiffened raft - similar to type 2 but
with deeper, more strongly reinforced beams.

In order to obtain the maximum economy - together with the
minimum risk of failure - it is essential, especially in the case
of the type 3 slab, to carry out detailed design. Current design
procedures are basically empirical and thus are not suitable for
use under South African conditions without extensive investigation.
Research is currently being carried out at the NBRI into the
development of a rational design procedure, further discussion of
which is unfortunately beyond the scope of this paper.

The stiffened raft may be used in conjunction with a flexible,
conventional or rigid structure, but it is felt advisable at this
stage to use a flexible or semi-flexible structure. The shell
foundation which has been patented by Frankipile, works on
basically the same principal as a stiffened raft, in that
differential movements are reduced by the rigid foundation.

An alternative to stiffening the raft is to increase the rigidity
of the structure by reinforcing the brickwork and using three-
point support. This has the effect of increasing the bearing
pressure at the points of support and thus reducing the heave at
these points (Boardman, 1956). A number of houses have been built
using this method, and have performed satisfactorily.

However, the technique requires a high level of workmanship and is
an expensive form of construction.

(d) Isolation of the structure :

The structure may be isolated completely or partially from the
movements of the expansive soil by founding on piles or piers.
Complete isolation can be obtained by using anchorpiles founded
in a stable stratum, the walls being built on grade beams which
are suspended clear of the ground by an amount greater than the
predicted total heave. Floors should be suspended between walls
with at- least the same ground clearance. This method is the ideal
engineering solution when executed properly, but is relatively
expensive and rarely justifiable in the case of a single storey
domestic house. It has been proved feasible to construct
conventional brick buildings on steel piles of 25 to 50 mm diameter
(Donaldson (1967)), where an adequate end bearing stratum is
available to carry sufficient load to overcome the uplift forces
on the pile. This method has not been used widely in South Africa
to date.



A partial solution may employ the use of piles to a limited depth
and split-construction above the pile cap. Alternatively, if the
expansive soil does not exceed 3 metres in depth, isolated footings
and short columns may be used in preference to piles.

The use of piles is generally unpopular with the public in view of
the high costs involved. This option would normally not be
considered for a single dwelling, but in the case of a large
housing scheme the unit costs could possibly be significantly
reduced.

SELECTION OF TREATMENT :

The selection of foundation and/or structural treatment is still highly
empirical and based principally on the recommendations of Jennings and
Kerrich (1962). These have been summarized in Table 1, but have been
presented in terms of differential rather than total heave, since it
is the former which causes distortion and subsequent damage of the
structure. The maximum differential heave was defined in the above
report as the difference between the maximum and minimum movements of
the foundation. This parameter alone, however, does not provide
adequate description of the foundation deflected shape to enable
assessment of the degree of distortion. The reader is referred to
Burland and Wroth (1974) for detailed definitions of the various terms
used to describe foundation movements. The limiting criterion used for
framed structures has generally been the relative rotation (e), whereas
for unreinforced loadbearing walls which have a different mode of
deformation, the deflection ratio (A/L) has been preferred. Angular
strain M has also been found useful in predicting crack widths where
movement occurs at existing cracks, or at construction joints.

It is felt that Table 1 may be used for initial selection, but since the
plan layout and dimensions are important in determining the degree of
distortion, a check must be made that the allowable deflection ratios
or relative rotations, for the type of construction chosen, are not
exceeded. When a flexible solution is adopted, it may be assumed that
the deflection ratio is determined principally by the mound geometry
and in particular by the differential heave and edge distance. At the
outset of design a decision must be made on the acceptable level of
serviceability and Table 2, although subjective, may be used to assess
this on the basis of visible damage and ease of repair. In order to
limit damage to 'very slight’ or ’slight’, it is recommended that, for
framed buildings and reinforced loaibearing walls, the relative rotation
should not exceed 1/500. In the case of unreinforced loadbearing walls
the deflection ratio should not exceed 1/2500 for a length to height
ratio (L/H) of 5 and 1/1500 for L/F of 12. Further increases in the
allowable A /L for values of L/H greater than 12 are not recommended.
If these criteria cannot be satisfied by a flexible structure it will
be advisable to choose a piled fourdation with flexible or isolated
structure.

Where it is decided to opt for a raft foundation, it is necessary to
consider the interaction of the stiffened slab and soil mound formed
by heave or shrinkage. The type of superstructure chosen is still
determined by the limiting deflection criterion, but this may now be
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con t ro l l ed  by ad jus t ing  t he  s t i f fnes s  o f  the r a f t .  I t  i s  f e l t  tha t  the
s l ab  and beam dimensions  p roposed  by Walsh (1974) for  t ypes  1 and 2 ,
a s  mentioned p rev ious ly ,  may be inadequate to  guarantee s a t i s f ac to ry
performance. He has sugges t ed  that a l lowable  values o fA/L  be  taken
as  1 /240  for  we l l  a r t i cu la t ed  super s t ruc tu res ,  1 /480  for  b r i ck  veneer
or  s imi l a r ,  and 1 /960  for so l i d ,  unreinforced masonry.  The main problem
with  the current  des ign  procedures  fo r  s t i f fened  ra f t s  l i e s  in  the  fact
that they are par t icu la r ly  s ens i t i ve  t o  the assumed mound geometry.
The accura te  p red ic t ion  o f  edge  d i s t ance ,  ( e ) ,  i s  pa r t i cu l a r ly  impor tan t ,
and must be  cons idered  in  conjunct ion wi th  the p red ic t ed  d i f f e r en t i a l
heave .  A s t rong cor re la t ion  has been found between ' e '  and c l ima te ,
a s  defined by the Thornthwaite mois ture  index.  However, i t  i s  a t
present  preferable  to  ob ta in  va lues  from f i e ld  t e s t s  such a s  t hose
conducted by de  Bruyn (1973 ,  1975) .

The assumption that- the  di f ferent ia l  heave may be  taken as  ha l f  the
pred ic ted  t o t a l  heave a s  proposed by Jennings and Kerr ich  (1962)  i s  not
recommended. I t  i s  f e l t  that an  attempt should be made to  determine
the  heave fac to r  by considering the f ac to r s  influencing d i f f e r en t i a l
heave ,  as  recommended by Donaldson (1973) .  The d i rec t  predic t ion o f
d i f fe ren t i a l  heave i s  highly complex,  and,  except  in  the development
o f  a ra t iona l  procedure for the des ign  o f  s t i f f ened  s l abs ,  i s
considered unwarranted.

REFERENCES :

1 .  BOARDMAN, V.R.  (1956) .  Reinforcement o f  br ick  wa l l s  t o
reduce cracking on heaving foundat ions .  Bu l le t in  No . 1 4 ,
NBRI, P re to r i a .

2 .  DE BRUYN, C.M.A. (1973) .  Mois ture  red is t r ibut ion  in  Southern
African so i l s .  P roc .  8 th  In t .  Conf ,  on SMFE, Moscow, 1973 ,
pp 37 - 44 .

3 .  DE BRUYN, C.M.A. (1975) .  Mois tu re  r ed i s t r ibu t ion  and so i l
movements in  Barkly Eas t ,  Bloemfontein and Richmond. 6 th  Reg.
Conf,  f o r  Af r .  on  SMFE, Durban,  Sep t .  1975,  pp 81 - 88 .

4 .  DONALDSON, G.W. (1967) .  The use  o f  sma l l  d iameter  p i l e s  in
expansive so i l s .  P roc .  4th Reg.  Conf .  Af r .  on  SMFE, Cape Town,
Vo l .  1 ,  pp 249 - 251 .

5 .  DONALDSON, G.W. (1973) .  The p red ic t ion  o f  d i f f e r en t i a l  movement
on expansive so i l s .  P roc .  3rd In t .  Conf ,  on Expansive So i l s ,
Ha i f a ,  I s r ae l ,  Vo l .  I ,  pp 289 - 293 .

6 .  GIBSON, D. (1957) .  Bu i ld ings  w i thou t  founda t ions .  Jn l  o f
RIBA 65 (2 ) ,  1957 ,  pp 47 - 53 .

7 .  GROMKO, G . J .  (1974) .  Review o f  expansive so i l s .  Jn l  Geo tech .
D iv . ,  ASCE, Vo l .  100 ,  no .  GT6, P roc .  Paper  10609,  June 1974 ,
pp 667 - 687 .

8 .  HOLLAND, J .E .  (1978) .  Res iden t i a l  s lab research  - recent  f i nd ings .
Swinburne Co l l ege  o f  Technology p rog re s s  r epo r t ,  August  1978.



9. JENNINGS, J.E. & KERRICK, J.E. (1962). The heaving of buildings
and the associated economic consequences with particular
reference to the OFS Goldfields. Trans, of the SAICE, Vol. 4,
no. 11, pp 221 - 248.

10. JENNINGS, J.E. & EVANS, G.A. (1962). Practical procedures for
building in expansive soil areas. The S.A. Builder, Oct. 1962.

11. WALSH, P.F. (1974). The design of residential slabs-on-ground.
CSIRO Australia, Div. Bldg. Res. Tech. Paper (2nd Series)
No. 5, pp 1 - 25.

12. WEBB, D.L. (1969). Foundation and structural treatments for
buildings on heaving subsoil. Proc. 2nd Int. Res. & Engng.
Conf, on Expansive Clay Soils, Texas, pp 126 - 134.

DIFFERENTIAL
HEAVE (mm) CLASSIF ICAT ION

SOUTH AFRICA
JENNINGS & KERRICH

(1962)

AUSTRALIA
WALSH (1974)

0 -3 Very Good No  special
precautions

Thin slob3 -6 Good
Provision of con -
struction joints
and minor re in -
forcements

6 -10

Moderate
Split
construction

10 - 25
Light
stiffened
raft

25 -50 Bad
Shallow under -
reamed pi les  and
partly spl i t
construction

Heavy
stiffened
slab

50 Very bad Pi led
foundation

TABLE 1 Foundation selection chart

DEPTH OF PIER <*•)

FIG. I Cost comparison pier
and suspended slab versus
stiffened slab (Holland 1978)
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DEGREE OF
DAMAGE

DESCRIPT ION OF  TYPICAL DAMAGE +
(EASE OF  REPAIR  IS  UNDERLINED)

APPROXIMATE
CRACK WIDTH
(mm)

1.  Very
S l igh t

2 .  S l igh t

3 .  Modera te

4.  Severe

5 .  Very
Severe

Ha i r l ine  c racks  of  l ess  than  about  0 .1  mm are  c lassed  as  neg l ig ib le .

F ine  c racks  wh ich  cun  eas i l y  be  t rea ted  dur ing  normal  decora t ion .  P erha ps
iso la ted  s l igh t  f racture  in  bu i ld ing .  Crocks  tn  ex te rna l  br ickwork  v is ib le
on  c lose  inspec t ion .

Cracks  eas i l y  f i l l ed .  Re  -decora t i  on  probobly  requ i red .  Severa l  s l igh t
f rac tu res  showing  ins ide  o f  bu i ld ing .  Cracks  are v is ib le  ex te rna l l y  and
some re -po in t ing  may  be  requ i red  ex te rna l l y  to ensure  weather t igh tness .
Doors  and  w indows  may  s t i ck  s l igh t ly .

The  c rocks  requ i re  some open ing  up  and con be  pa tched  by a mason .
Recur ren t  crocks can be masked  by  su i tab le  l in ings .  Repo in t ing  o f  ex te rna l

>1 *

> 5 *

5 to 15 *
or  a number  o f

c racks
>3

15  to 25  *
but  a lso  depends
on number  o f

c racks

usua l  l y  > 25
but  depends  on
number  o f  c racks

br ickwork  and  poss ib ly  a sma l l  amount  of  b r ickwork  to be rep laced .  Doors
and  w indows  s t iddng .  Serv ice  p ipes  may f rac ture .  Weather t ightness  o f ten
impa i red .

Ex tens ive  repa i r  work invo lv ing  break ing  — out and rep lac ing  sec t ions  o f
wa l l s ,  espec ia l l y  over  doors and  w indows .  Windows and door f rames
d is to r ted ,  f loor s lop ing  no t iceab ly .  Wa l ls  l ean ing  or bu lg ing  nonceob ly ,
some loss of bear ing  in  beams.  Serv ice  p ipes  d is rup ted .

Th is  requ i res  a ma jor  repa i r  j ab  invo lv ing  par t i a l  or comple te  re -bu i ld ing .
Beams lose  bear ing ,  wa l l s  l ean  bad ly  end requ i re  shor ing.  Windows
broken w i th  d is to r t ion .  Danger  o f  ins tab i l i t y .

TABLE 2 C lass i f i ca t ion  of v is ib le  damage  to wa l l s  wi th  par t i cu la r  re fe rence  to ease  of repa i r  o f  p las te r
and  br ickwork  or masonry .

In  assess ing  the degree  o f  damage  account  must  be taken o f  i t s  loca t ion  in  the  bu i ld ing  o r  s t ruc ture .

Crack  w id th  i s  on ly  one  aspec t  of  damage  and  shou ld  no t  be  used  on  i t s  own  as  a d i rec t  measure  o f  i t .

TYPE I

FIG. 2 General illustra-
tion of stiffened raft
types (Walsh 1974)

TYPE 3
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for them.
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1. Application of geotechnics to the solution of engineering
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Sampling, Singapore 1979.

Papers 1 and 2 are obtainable from :
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P.O. Box 395,
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Paper 3,  which incidentally was compiled with the help of a

questionnaire completed by many of the Division's members, is
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T. Giddings,
P.O. Box 3132,
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THE CASE GOBLE P ILE  ANALYZER

BY r,ALCOLU JAROS *

INTRODUCTION

In teg r i t y  t es t i ng  o f  p i l es  has  e t t r ec ted  cons ide rab le  a t t en t i on
and  e f f o r t .  I n  add i t i on  t o  e ta t i c  l oad  t es t s  t he re  a re  now
seve ra l  t echn iques  ava i l ab le .  P re i ss  e t  a l  ( 1978 )  have  rev i ewed
some o f  t he  more popu la r  me thods  i nc l ud ing  i nspec t i on  o f  pe rcuss ion
bo red  o r  co re  d r i l l ed  ho les  w i t h  c l osed  c i r cu i t  t e l ev i s i on  cameras
o r  bo reho le  ca l i pe rs ,  son i c  o r  nuc lea r  l ogg ing  i n  t ubes  cas t  i n t o
the  p i l es ,  and  v i b ra t i on  t es t i ng .  Use o f  t hese  methods  wou ld
gene ra l l y  be  res t r i c t ed  t o  l a rge  capac i t y  ( i . e .  l a rge  d i ame te r )
p i l es  whe re  t he  h i gh  cos t  o f  an  i nd i v i dua l  p i l e  wou ld  j us t i f y
t he  expense  i nvo l ved  i n  the  p repa ra t i on  and  t es t i ng  o f  t he  p i l e .
They a re  no t ,  i n  p rac t i ce ,  app l i cab le  t o  d r i ven  p i l es .

A r esea rch  p ro j ec t  a t  Case Wes te rn  Rese rve  Un i ve rs i t y ,  Oh io ,
by a t eam unde r  P ro fesso r  G .G .  Gob le  i n  the  pe r i od  1964 t o  1972 ,
has  l ed  t o  a t echn ique ,  based  on  t he  wave equa t i on  me thod ,  whereby
the  shock  wave i nduced  by  the  d r i v i ng  hammer i n  a p i l e  i s  mon i t o red
end  ana l yzed  t o  y i e l d  no t  on l y  a quan t i t a t i ve  check  on  t he  i n teg r i t y
o f  t he  p i l e  bu t  a l so  a measure  o f  i t s  e ta t i c  l oad  ca r r y i ng  capac i t y .
The me thod  i s  qu i ck  and  i nexpens i ve ,  r equ i res  no  spec ia l  p repa ra t i on
o f  the p i l e ,  and  the equ ipmen t  can  be t r anspo r ted  by  ca r .

THE EQUIPMENT

The c rux  o f  t he  method  was the  deve lopmen t  o f  r obus t  r eusab le  s t r a i n
t r ansduce rs  end  acce le rome te rs  wh i ch  can  read i l y  be  a t t ached  t o  t he
head  o f  the p i l e .  Th rough  t hese  the  s t r a i ns  and  acce le ra t i ons  a t
the  p i l e  head  can  be mon i t o red  and  p rocessed  by  t he  Ana l yze r ,  wh i ch
i s  essen t i a l l y  a po r t ab le ,  p re -p rog rammed ,  ana logue  compu te r  w i t h
d ig i t a l  p r i n t  and  read -ou t  f ac i l i t i e s .

The da ta  i s  p rocessed  ’ ’ i n s tan taneous l y "  b l ow  by  b l ow  i n  t he  f i e l d
to  y i e l d  ex t reme  va lues  o f  pa r t i c l e  ve loc i t y  and  f o r ce  i nduced  by
the  shock  wave ,  t he  ene rgy  impa r ted  by  t he  b l ow ,  and ,  u l t ima te l y ,
the  s ta t i c  l oad  ca r r y i ng  capac i t y  o f  t he  p i l e .

The t r ansduce r  s i gna l s  can  be v i ewed  on  an  osc i l l o scope  and
s imu l t aneous l y  r eco rded  on  magn i t i c  t ape  f o r  f u r t he r  p rocess ing
a t  l e i su re .  Th i s  i s  done by means o f  an  i ns t r umen ta t i on  t ape
reco rde r  connec ted  t o  t he  ou tpu t  t e rm ina l s  o f  t he  Ana l yze r .

SUW1ARY OF THE THEORETICAL BASIS OF THE CASE METHOD

A s t ress  wave t r ave l l i ng  a l ong  t he  ax i s  o f  a homogeneous r od
(a  p i l e  o f  un i f o rm  c ross -sec t i on  and  ma te r i a l  p rope r t i es )  w i l l
p roduce  a t  any  g i ven  c ross -sec t i on  an  ax ia l  f o r ce  i n  the  rod
wh i ch  i s  r e l a ted  t o  t he  l ong i t ud ina l  pa r t i c l e  ve loc i t y  a t  t ha t
c ross -sec t i on .  Where no  supe r -pos i t i on  o f  waves has  occu r red ,
t he  f o r ce ,  F ,  w i l l  be  equa l  t o  t he  p roduc t  o f  t he  pa r t i c l e  ve loc i t v ,
V,  and  t he  impedance ,  EA /c ,  whe re  E i s  Young ’ s  modu lus  f o r  t he  roc ,
A i s  i t s  c ross -sec t i ona l  a rea  end  c i s  the  ve loc i t y  o f  t he  s t r ess
wave ( t he  speed  o f  sound)  i n  t he  rod .

ǅ Ha l co lm  Ja ros  g radua ted  f r om Wi t s  Un i ve rs i t y  i n  1970  and  t hen
spen t  8 yea rs  as  an  Eng inee r  w i t h  Ove A rup  w i t h  a yea rs  breal-
i n  1976  t o  ob ta i n  h i s  FISC f r om Impe r i a l  Co l l ege  London ,  ftalcclr
i s  a t  p resen t  a con t rac t s  eng inee r  w i t h  F ' c l a ren  and  Ege r .
































