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MODEL  F OR SL AB FOUNDATI ONS ON EXPANSI VE CL AYS

UN MODEL E DES FONDATI ONS A BET ON FL EXI BL E OU NON- F L EXI BL E SUR DES ARGI LES DI L ATEES 

. MOÆEJl b nJl MTbl  HA HABy XAl OI HMX TJ 1HHAX

B.G . R ICH AR DS, B .E , M .S., M .I .E . A u s t., P r in c ip a l Research S c ie n tis t, Com m onwealth S c ie n t if ic  and In d u s tria l Research O rg a n iza tio n , D iv is io n  

o f A p p lie d  G eom echanics, Syndal, V ic to r ia  (A u s tra lia )

S Y N O P S IS . The behaviour of unsaturated expansive clay, particularly in relation to soil-struc- 

ture interaction, is not properly understood either at the theoretical or the practical level 

and current published work on this subject has little relevance to practical problems.

In this paper a deterministic, mathematical model is described which was developed previously 

by the author for unsaturated and saturated expansive clay with non-linear properties. It is 

an extension of Biot's consolidation theory to include unsaturated soils and has been checked 

satisfactorily against available mathematical solutions for saturated soils. Extrapolation 

to unsaturated soils still requires field verification.

A mathematical model for soi1-structure interaction has now been set up by coupling the above 

soil model to the structural model for various structures, such as reinforced slab-on-ground 

foundations. Some preliminary results obtained from this application are described. A hypo­

thetical but realistic example was chosen to show centre-heave behaviour of a slab-on-ground 

foundation, a phenomenon commonly observed in Australia. Several interesting and possibly 

important conclusions emerged:

1 ) thin concrete slabs exhibit sufficient rigidity to reduce differential displacement signi­

ficantly ;

2 ) the behaviour of slabs is very sensitive to the non-linear and cracking criteria used for 

the soil;

3) for a rough slab-soil interface, the behaviour of the slab may depart considerably from 

simple slab theory.

While this model is not proposed as a design procedure or an accurate method of analysis of 

practical structures, it is presented to show that the whole problem can be approached in a 

rational manner. It gives a realistic framework within which relevant and important research . 

areas can be defined to lead to a more profitable and efficient application of research effort.

I NT RODUCT I ON

The engineering problems associated with 

structures built of, on or retaining expan­

sive clays have defied most theoretical and 

practical attempts made for obtaining a solu­

tion. This is particularly true for many 

areas in Australia where negative pore pres­

sures in clay under sealed road pavements are 

invariably within the range of 1 Bar to 100 

Bars at least (Aitchison and Richards, 1965).

Current published research work bears little 

relationship to practical problems. On the 

other hand, many good practical soil enginee­

ring techniques, presently employed with ex­

pansive clays may, in some circumstances, 

actually be the cause of serious failures; 

for example, the use of filter sand or gravel 

behind retaining walls and gravel under slab-

on-ground structures. For the design of these 

structures as well as large embankments, bet­

ter physical concepts of the behaviour of 

unsaturated expansive clay (Richards, 1967, 

and Richards and Gordon, 1972) and suitable 

instrumentation and techniques for the mea­

surement of the relevant parameters (Richards, 

1968) , particularly the psychrometric tech­

niques for soil moisture measurement, make it 

possible to move away from current empirical 

ad hoc practices.

Since saturated (i.e. pore pressures are posi­

tive) clay soils have been extensively inves­

tigated (e.g. London Clay), adequate tech­

niques are now available for design procedu­

res. However, when such soils are drained 

and the pore pressures decrease and become 

negative, they do not undergo any sudden 

magical transformation at zero pore pressure.
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Thei r  behav i our  i s  s i mi l ar  t c  t hat  doc ument ed  

f or  ex pans i v e  c l ay s  and i t  i s r eas onab l e  t o 

as s ume t hat  i t  i s c ont i nuous  i nt o t he uns a t u ­

r a t ed  s t at e.  Wh i l e  s ome mor e  c ompl ex  b o u n ­

dar y  c ond i t i ons  and mod i f i ed  s oi l  par amet er s  

mi gh t  hav e t o be t ak en i nt o ac c ount ,  t he 

ex t ens i on  of  ex i s t i ng  c ons o l i da t i on  t heor i es  

i nt o uns a t u r a t ed  s oi l s  s houl d be pos s i bl e.

I n t hi s  paper  a de t e r mi n i s t i c  mat hemat i c a l  

mode l  i s d i s c us s ed  wh i c h  has  p r ev i ous l y  been 

dev e l oped f or  t he i ns t an t aneous  and t i me-  

dependen t  de f o r mat i on  of  c ompr es s i b l e  ma t e r ­

i al  ( ei t her  s a t ur a t ed or  uns at ur at ed)  due t o 

app l i ed  l oads  and c hanges  i n por e pr es s ur es . *  

I t  i s an ex t ens i on  o f  Bi o t ' s  c ons o l i da t i on  

t heor y  t o r. r r mi t  ana l y s i s  of  uns a t ur a t ed 

s oi l s  wi t h  i * on- l i near  pr oper t i es .  When 

c hec k ed aga i ns t  av a i l ab l e  c l as s i c a l  s ol u t i ons  

f or  s a t ur a t ed  and uns a t u r a t ed  s oi l s ,  i t  gav e 

v er y  s a t i s f ac t o r y  r es ul t s ,  and t he Mande l -  

Cr y er  e f f ec t  c ou l d  be pr oduc ed  ac c ur at e l y .

The ex t ens i on  of  t he mode l  i n t o  f i e l d  pr ob l ems  

enc oun t e r ed  wi t h  uns a t u r a t ed  s oi l s  s t i l l  r e ­

qu i r es  a l ar ge number  of  f i e l d  t r i a l s  be f or e  

i t  c an be us ed wi t h  any  c onf i denc e.  Whi l e  

t he de t a i l s  of  t hi s  mode l  ar e t he s ub j ec t  of  

a s epar a t e  pub l i c at i on,  a br i e f  s ummar y  i s 

g i v en l at er  on.

Thi s  mode l  wi l l  a l s o be ex t ended  t o i nc l ude 

r e i n f or c ed c onc r e t e  s t r uc t ur es  t o enabl e p r e ­

l i mi nar y  ana l y s es  of  s i mpl e s o i l - s t r uc t ur e  

i n t er ac t i on  pr obl ems .  I t s  app l i c a t i on  t o 

r e i n f or c ed c onc r e t e  s l ab - on- g r ound  s t r uc t ur es  

i s  d i s c us s ed  l at er  on and s ome s i mpl e,  t y p i ­

c al  ana l y s es  ar e s hown.  Thi s  app l i c a t i on  i s 

ex t r emel y  i mpor t ant  as  t he s t i f f nes s  of  t he 

s l ab  mus t  obv i ous l y  hav e an e f f ec t  i n r educ ­

i ng t he of t en l ar ge pot en t i a l  d i f f e r en t i a l  

d i s p l ac ement s  t hat  oc c ur  i n ex pans i v e  c l ay s .  

Thi s  e f f ec t  s houl d  be  t he r eal  bas i s  of  s l ab 

des i gn f or  hous es  and ot her  s i mi l a r  s t r uc t u ­

r es  .

I t  i s  not  t he pur pos e  of  t h i s  paper  t o p r es ­

ent  a f u l l y  dev a l oped  mode l  f or  des i gn  pu r ­

pos es ;  i t  r at her  s hows  t hat  i t  i s  pos s i b l e  

t o f or mul a t e  a r a t i ona l  mode l  f or  e f f ec t i v e  

p l ann i ng  of  l abor at or y  and f i e l d  r es ear c h  

pr ogr ammes  t ha t  wi l l  l ead t o a mor e  e f f i c i ent  

and p r o f i t ab l e  app l i c a t i on  of  r es ear c h  

ef f or t s .  I n f ac t ,  des i gn  p r oc edur es  of  t he 

f ut ur e f or  s mal l  s t r uc t ur es  wi l l  p r obab l y  

need t o  be muc h  s i mpl er  t han t hi s  mode l  and 

i nc l ude p r obab i l i t y  c onc ept s  of  wha t  c oul d 

be c a l l ed ' r i s k  des i gn'  ( Ly t t on,  1971) .

C O N S O L ID A T IO N  M ODEL FOR U N S A T U R A TE D  S O IL S

The mode l  dev e l oped  by  t he aut hor  i s  s i mi l ar  

t o t he mode l  by  Chr i s t i an  and Boehmer  ( 1970)  

and Sandhu and Wi l s on  ( 1969)  f or  s at ur at ed 

c l ay s .  I t  wi l l  t her e f or e  not  be des c r i bed i n 

de t a i l  her e.  The f l ow c har t  f or  t he c ompu ­

t er  pr ogr amme i s s hown i n Fi g.  1.  The p r o ­

g r amme i s  wr i t t en  i n For t r an  f or  t he CSI RO 

CDC3600 c omput er  and us es  t he f i n i t e e l ement

" ■ Ri char ds,  B. G.  " The t r ans i ent  behav i our  of  

s a t ur a t ed and  uns a t ur a t ed  c l ay s  under  l oad 

and c hangi ng mo i s t u r e  c ondi t i ons "  ( i n p r epa ­

r at i on)  .

START

READ AMD PRINT INPUT DATA

d

- > I Z

CALCULATE INITIAL PORE PRESSURES 

\ 7

LOOP IT = I ,FINAL TI ME,  AT

PRINT TIME AND PORE PRESSURES

CALCULATE UNDRAI NED SOIL 
PARAMETERS AND BOUNDARY CONDITIONS
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S7

CALCULATE NEW PORE PRESSURES

V
CALCULATE FLOW PARAMETERS 
AND BOUNDARY CONDI TI ONS

^ 7

S7
CALCULATE TI ME DEPENDENT DI SPLACEMENTS,  
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CALCULATE NEW PORE PRESSURES 
______ AND GEOMETRY

^ 7

PRINT RESULTS

a

i

□

STOP

FI G.  1.  FLOW CHART FOR COMPUTER PROGRAMME.

met hod  o f • s o l u t i on  anal y s es  of  l oa . - di s pl ac e ­

ment s  and  c hanges  i n por e p r es s ur es  ( Zi enck i e-  

wi c z  and Cheung,  1967) .

For  t he i r  l i near  model ,  Ch r i s t i an  and Boehmer

( 1970)  made t he as s umpt i ons  t hat

a)

b)

c)

d)

e)

f )

i n f i n i t es i ma l  s t r a i ns  and s mal l  v e l oc i t i es  

ex i s t ,

Dar c y ' s  l aw i s  v a l i d  f or  f l u i d f l ow,  

t he s oi l  i s  s at ur at ed,

t he por e  f l u i d i s i nc ompr es s i b l e  r e l a t i v e  

t o t he c ompr es s i b i l i t y  of  t he s oi l  s k e l e ­

t on,

t he e f f ec t i v e  s t r es s  pr i nc i p l e  i s v al i d,  

t her e i s  a l i near  r ev er s i b l e  ( i . e.  el as t i c )  

r e l a t i on  be t ween  e f f ec t i v e  s t r es s  and 

s t r ai n.

I t  p r ov ed t o be a us ef u l  met hod  of  s o l u t i on 

f or  Bi o t ' s  t wo- d i mens i ona l  c ons o l i da t i on  

t heor y  and gav e r es u l t s  c ompar ab l e  t o pub l i ­

s hed s ol ut i ons .  The mode l  des c r i bed  i n t hi s  

paper  was  c hec k ed aga i ns t  t hes e s o l u t i ons  and 

gav e s i mi l ar  r es ul t s .  An  ex ampl e i s  s hown i n 

Fi g.  2 f or  t he MI T p l ane s t r a i n  s hear  t es t i ng 

dev i c e  ( Ri xner ,  1968) .

The as s umpt i ons  made abov e c an s t i l l  app l y  t o 

c l ay s  when  por e pr es s ur es  bec ome negat i v e.  

Ther e ar e s ugges t i ons  f or  ex ampl e  t hat  t he 

i n t ac t  c l ay  i n many  of  t he Aus t r a l i an  ex pan ­

s i v e s oi l s  r emai ns  p r ac t i c a l l y  por e s pac e 

s at ur a t ed  t o negat i v f e por e  p r es s ur es  of  t he
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FI G.  2.  CONSOLI DATI ON OF PLANE STRAI N SAMPLE.

or der  of  - 100 a t mos pher es  ( Hol mes ,  1956) .  

Howev er ,  s ev er a l  of  t hes e as s umpt i ons  may  not  

be v a l i d  i n gener a l  and may  hav e t o be mo d i f ­

i ed as  f ol l ow.

A.  STRAI NS ARE FI NI TE

Ex pans i v e  c l ay s  c an ex h i b i t  v e r y  l ar ge s t r a i ns  

( of t en i n ex c es s  of  25 per  c e n t ) . Due t o t he 

i nc r ement a l  na t ur e  of  t he s ol ut i on,  t he geo ­

me t r y  of  t he p r ob l em c ou l d  be c hanged f or  

eac h i nc r ement  of  l oad i ng and t i me i nt er v al .  

Thi s  i s  a s t ep- wi s e  v a r i a t i on  of  t he f i n i t e  

s t r a i n  t h e o r y  p r o p o s e d  by  Ph i l i p  a n d  Smi l es  

( 1969)  wh e r e  t he g e o me t r y  i s  r e l a t e d  t o  t he 

s o i l  s k e l e t o n  a n d  no t  f i x e d  i n  s pac e .

B.  THE SOI L  I S NOT SATURATED

s
§ The  a s s u mp t i o n  t ha t  t he  s o i l  i s  s a t u r a t e d  

pe r mi t s  t v© s i mp l e  eq ua t i o ns  t o  b e - u s ed , v i z .

3 u _ ~ 

3t
( 1)

gj  i n t wo d i mens i ons

whe r e  u = por e  pr es s ur e;  t  = t i me;

a and o = s t r es s es  i n x  and z d i r ec t i ons  
x z

FI G.  3.  TRANSI ENT FLOW FROM A PRESSURE 

MEMBRANE SAMPLE.

and

wher e  0 

v o l ume ;

36

3t
dV

at

= v o l umet r i c  wa t e r  c ont ent ;  

v Q = i n i t i a l  s o i l  v ol ume.

( 2)

s oi l

For  uns a t u r a t ed  s o i l s , t hes e equa t i ons  c an no 

l onger  be as s umed t o hol d and s hou l d  be r e ­

p l ac ed  by  c or r e l a t i ons ,  wh i c h  c an be de t e r ­

mi ned  ex per i ment a l l y .  I n t he app l i c a t i ons  

c u r r en t l y  be i ng  c ons i der ed  by  t he aut hor ,  

equa t i on  ( 1)  has  ac t ua l l y  been  r e t a i ned  as  i t  

i s appr ox i ma t e l y  c or r ec t  wh en  t he nega t i v e  

por e pr es s ur es  ar e of  t he s ame or der  as  t he 

app l i ed  s t r es s es  and t he ef f ec t s  of  t he 

s t r es s es  bec ome i ns i gn i f i c an t  at  t he l ower  

por e  pr es s ur es .

The c o r r e l a t i ons  r ep l ac i ng  equa t i o n  ( 2)  c an 

be r ead i l y  de t e r mi ned  ex pe r i men t a l l y  i n a 

number  of  way s ,  i nc l ud i ng  t he us e of  t he me m­

b r ane  oedomet er  ( Ai t c hi s on and Woodbur n ,  1969) .  

Us i ng  s uc h c or r e l a t i ons ,  t he mode l  has  been  

a p p l i e d  t o u n s a t u r a t e d  s o i l s ,  e . g . t o  ana l y s e  

t he  t r a n s i e n t  behav i ou r  of  a  s o i l  s a mp l e  i n  

t he p r es s u r e  memb r ane  appar at us  ( Kunz e a n d  

Ki r k h a m, 1 9 6 2 , Ri c h a r d s , 1 9 6 5 ) . 3ood a g r e  e- men t  

h as  been o b t a i n e d  as  s hown i n Fi g . 3.

C.  THE EFFECTI VE STRESS L AW I S NOT VAL I D

Whi l e  t h e  p r i n c i p l e s  of  e f f e c t i v e  s t r es s  s t i l l  

appl y » t h e  c o mmo n l y  u s e d  e f f ec t i v e  s t r es s  l aws  

may  no t  be v a l i d  f or  uns a t u r a t ed  s o i l s  and 

on l y  t o t a l  s t r es s  c onc ept s  hav e been  us ed.

The  ex pe r i me n t a l  da t a  mu s t  be o b t a i n e d  a l o n g  

t he t o t a l  s t r es s  a n d  por e p r es s u r e  p a t h s  s i mi ­

l ar  t o  t ho s e  i n t he f i e l d  s i t ua t i on .  The 

mo d e l  i t s e l f  c an  be ma d e  t o  c l o s e l y  f o l l o w f cbe 

f i e l d  pat hs  i n an i nc r ement a l  s t ep - wi s e  ma n n e r .

D.  ELASTI C AND FL0. 7 PARAMETERS ARE NOT CONSTANT

Whi l e  at  a n y  l o a d  o r  t i me  i n c r e me n t ,  t he 

s t r e s s - s t r a i n  r e l a t i o n s h i p s  a r e  a s s u me d  t o  be 

l i nea r  a md  r ev e r s i b l e ,  t h e y  wi l l  v a r y  wi t h  

t he s t r es s  and mo i s t u r e  c hanges  t hat  oc c ur  

ov er  a per i od  of  t i me.  The  s i gn i f i c an t  e f f ec t  

mo i s t u r e  has  on t he modu l i  of  ex pans i v e  c l ay s  

has  a l r eady  been  i nv es t i ga t ed  ( Ri c har ds  and 

Gor don,  1972) .

Per meab i l i t y  s hou l d  no t  be as s umed t o be a 

c ons t an t  s i nc e l ar ge v ar i a t i ons  i n por e p r e s ­

sur e' s,  c aus ed f or  i ns t anc e by  c l i ma t i c  c on ­

d i t i ons  ( Ri c har ds  and Chan,  1971,  Ri c har ds ,  

1972* )  , r es u l t  i n l ar ge v a r i a t i ons  i n p e r mea ­

b i l i t y  ( Ri c har ds ,  1965) .  The i nc r ement a l  

nat ur e of  t hi s  mode l  per mi t s  t he modul i ,  p e r ­

meab i l i t y  and o t her  pa r amet e r s  t o be v a r i ed  

f or  eac h l oad and t i me i nc r ement .

For  un s a t u r a t ed  c l ay ,  t he mi no r  mod i f i c a t i ons  

wh i c h  need  t o be made t o t he s a t u r a t ed  c l ay  

mode l  c an be c ar r i ed out  i n a r a t i ona l  manner .  

The c hanges  made t o t he f i n i t e e l ement  t ec h ­

n i que ( e. g.  f i n i t e  s t r a i ns  and non- l i near i t y )

‘ Ri c har ds ,  B. G.  , " The anal ysi s of  r oad pavement s I n 

t he Aust r al i an envi r onment  : Par t  I .  Changes of  por e 

pr essur e or  soi l  suct i on"  ( i n pr epar at i on) .
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hav e a l r eady  been  s uc c es s f u l l y  us ed i n o t her  

app l i c a t i ons  ( e. g.  Zi enc k i ewi c z  and Cheung,  

1967) .

ST RUCT URAL  MODEL  FOR REI NF ORCED CONCRET E  
SL AB

The mode l  us ed i n t he f o l l owi ng anal y s es  was  

bas ed  on  t ha t  p r opos ed  by  Ngo  and Sc or de l i s  

( 1967) .  I t  app l i es  t he bas i c  s t r es s - s t r a i n  

r e l a t i ons h i ps  i n t he i r  ex ac t  f or m and av oi ds  

t he as s umpt i ons  made  i n t he t heor y  of  p l a t es  

or  s l abs .  As  t her e ar e obv i ous l y  i ns u f f i c ­

i en t  e l ement s  av a i l ab l e  t o ac c ur a t e l y  r ep r e ­

s ent  pa r t i c u l a r l y  t hos e par t s  of  t he s l ab,  

wher e  l ar ge s t r es s  and s t r a i n  g r ad i en t s  c an 

be ex pec t ed,  r es u l t i ng  i n ex c es s i v e l y  l ong 

c ons t an t  s t r a i n  e l ement s ,  t he s l ab i t s e l f  

was  c hec k ed wi t hou t  t he s oi l  as  a s i mpl e 

s t r uc t u r a l  member .  Be i ng  v er y  s ens i t i v e  t o 

t he mes h  and boundar y  c ond i t i ons  as s umed,  

t he mode l  a l way s  s howed i ns t ab i l i t y  i n t he 

c a l c u l a t ed  s t r es s es  and  s t r ai ns .  The s o l u ­

t i on  ob t a i ned  by  t he f i n i t e  e l ement  met hod  

howev er  g i v es  noda l  d i s p l ac emen t s  as  t he 

p r i mar y  r es u l t  wh i c h  wer e  a l way s  s t abl e,  a l ­

t hough s i gn i f i c an t l y  l es s  t han  t hos e p r ed i c ­

t ed by  t he c l as s i c a l  beam t heor y .

A c ar e f u l  c hec k  r ev ea l ed  t hat ,  f or  t he s ame 

mes h  and boundar y  c ondi t i ons ,  t he def l ec t i ons  

der i v ed  at  by  t he f i n i t e e l ement  me t h o d  wer e  

a l way s  a c ons t an t  pe r c ent age of  t hos e g i v en 

by  t he b eam t heor y ,  i r r es pec t i v e  of  t he l oad ­

i ng c ond i t i ons ,  f or  i ns t anc e,  v e r t i c a l  and 

ho r i z on t a l  po i n t  and  d i s t r i bu t ed  l oads .  

Ther ef or e,  by  dec r eas i ng  t he v a l ue  of  t he 

modu l us  of  t he c onc r e t e  us ed i n t he f i n i t e  

e l ement  ana l y s i s  be l ow t he v a l ue  r equi r ed,  an 

ex ac t  l oad - de f l ec t i on  r e l a t i ons h i p  c ou l d  be 

obt a i ned  ac c or d i ng  t o t he beam t heor y .  A 

r educ t i on  i n s l ab  t h i c k nes s  a l s o ac h i ev ed  t he 

s ame r es ul t .  Fi g.  4 s hows  t he r es u l t s  f or  a 

s l ab us ed i n t he f o l l owi ng  anal y s es  under  i t s  

own we i gh t  and an as s umed wa l l  l oadi ng,  but  

wi t hou t  f oundat i on  s uppor t  o t he r  t han at  t he 

c ent r e- l i ne.  The  r es u l t s  d i s c us s ed  be l ow 

s ugges t  t ha t  t he s mal l  v a r i a t i ons  i n s l ab 

s t i f f nes s  wo u l d  onl y  hav e a mi nor  e f f ec t  on 

t he end r es ul t .

THE SL AB- ON- GROUND MODEL

The c ompl et e t wo- d i mens i ona l  mode l  as  s hown i n 

Fi g.  5 was  f i r s t  anal y s ed as  a non- l i near  c on ­

t i nuum.  The  adhes i on and t her e f or e  c on t i nu i t y  

be t ween c onc r e t e  and ex pans i v e  c l ay  when  heav ­

i ng oc c ur s  has  been  obs er v ed by  Bar a  ( 1967) .  

The  env i r onment a l  c ond i t i ons  as s umed ar e t y p i ­

cal  of  t he s emi - ar i d  ar eas  of  s out her n  Aus t ­

r a l i a  ( Fi g.  6) .  The mo i s t u r e - f l ow par amet er s ,

I t I !•
f b e e  p sm i o u s m u n d a h y
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pr es ent ed i n Fi g.  7,  ar e t hos e of  t he r ed-  

b r own  ear t hs  ( one t y pe of  ex pans i v e  c l ay)  

f ound i n t hes e s emi - a r i d  ar eas .  Fi g.  12 

s hows  moi s t u r e  pr of i l es  as s umed under  nat ur a l  

v ege t a t ed  s ur f ac e c ov er .  St a r t i ng  f r om t he 

i n i t i a l  condi t i c . i s  ( Fi g.  8)  i n J ul y ,  t he 

r es u l t s  of  t he por e pr es s ur es  af t er  6 mont hs  

( Januar y )  ar e s hown i n Fi g.  9,  and t he c o r ­

r es pond i ng  s ur f ac e d i s p l ac ement s  i n Fi g.  10,  

wh i c h  s hows  i mmedi at e  s e t t l ement s  and Fi g.  11,  

wh i c h  s hows  t he t o t a l  s e t t l ement s  a f t e r  6 

mo n t h s .

An  ex ami na t i on  of  t he s t r es s es  i n t he s oi l  

r ev ea l ed  v e r y  l ar ge,  obv i ous l y  unr eal i s t i c ,  

t ens i l e  s t r es s es ,  pa r t i c u l a r l y  t ens i l e  s t r es ­

s es  i n t he v e r t i c a l  d i r ec t i on  i mmedi a t e l y  

under  t he c ent r e  of  t he s l ab.  The s ec ond 

anal y s i s  was  made  wi t h  t he f o l l owi ng s pec i ­

f i c a t i ons  f or  s oi l  behav i our .

a)  The s oi l  has  t ens i l e  s t r engt h  equal  t o 

Ej / l OOO i n t he hor i z on t a l  d i r ec t i on  and

E2/ 1000 i n t he v er t i c a l  d i r ec t i on.

b)  I f  t he t ens i l e  s t r engt h  i n t he v er t i c a l  

d i r ec t i on  was  ex c eeded,  E i and E 2 wer e  al s o 

r educ ed  t o 100 p. s . i .  and G t o zer o.  Thi s  

pe r mi t t ed  s i mu l a t i on  of  s epar a t i on  bet ween 

s l ab and gr ound.

c)  I f  t he t ens i l e  s t r engt h  i n t he hor i z ont a l  

d i r ec t i on  was  ex c eeded,  E1 was  r educ ed  t o 

100 p. s . i . ,  s i mu l a t i ng  v er t i c a l  c r ac k i ng.

d)  I f  t he s hear  s t r es s  ex c eeded t he s hear  

s t r engt h  ( al so as s umed Ei / 1000) ,  t hen t ' \ was  

r educ ed t o 100 p. s . i .  and G t o zer o.

The r es u l t s  of  t hi s  s ec ond anal y s i s  ar e al s o 

s hown i n Fi g.  11,  i nd i c a t i ng  t hat  t he d i s ­

p l ac ement s  ar e c ons i der ab l y  r educ ed.  To 

e l i mi na t e  a degr ee of  i ns t ab i l i t y  obs er v ed  

wi t h  t i me,  an add i t i ona l  s pec i f i c a t i on  f or  

t he s oi l  was  i n t r oduc ed i nt o t he t hi r d ana l y ­

s i s .  I f  t he s pec i f i ed  t ens i l e  s t r engt h  was  

ex c eeded,  t he nodal  f or c es  due t o v o l ume 

c hange wer e  r educ ed at  eac h i nc r ement  of  t i me 

by  an amount  c a l c u l a t ed  t o r educ e t he t ens i l e  

s t r es s es  t o t he t ens i l e  s t r engt h.  Thi s  i n 

e f f ec t  s i mu l a t es  t he c ase,  wher e  a s oi l  e l e ­

ment  c an under go v ol ume dec r eas e unt i l  soi l

SUCTION h (cm o f w o te r )

f i s s ur es  open up,  af t er  wh i c h  f ur t her  v o l ume 

dec r eas e  has  l i t t l e  e f f ec t  on t he c ont i nuum.  

Thi s  i s a l s o one pos s i b l e  me c han i s m f or  t he 

X f ac t or ,  onc e c ommonl y  us ed t o des c r i be  un ­

s a t ur a t ed  s oi l  behav i our .

Thi s  t h i r d ana l y s i s  p r ov ed t o be v e r y  s t abl e 

and gav e t he d i s p l ac ement s  s hown i n Fi g.  11.

FI G.  9.  PORE PRESSURE DI STRI BUTI ON AFTER 

SI X MONTHS.

FI G.  10.  DI SPLACEMENTS AFTER SI X MONTHS.

FI G.  8. SEASONA L  MOI S T URE  PROF I L ES UNDER 

NA T URA L  SURF ACE COVER.

FI G.  11.  DI SPLACEMENTS AFTER SI X MONTHS 

WI TH SI MPLE AND I MPROVED NO- TENSI ON CRI TERI A.
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I t  was  t her e f or e  r epeat ed,  wi t h  t he s l ab e l e ­

me n t s  h a v i n g  t he  s t i f f ne s s  of  t he s oi l  but  

t he p e r me a b i l i t y  of  t he c onc r e t e .  The  f o u r t h  

ana l y s i s  wa s  c a r r i e d  out  t o  c ompa r e  t he b e h a ­

v i o u r  01 an i mp e r v i o u s  f l ex i b l e  s u r f ac e  wi t h  

t hat  of  t he mor e  r i g i d  s l ab;  t he r es u l t s  ar e 

a l s o s hown i n Fi g.  11.  Thes e  r es u l t s  do i n ­

d i c a t e  t he s i gn i f i c an t  e f f ec t  t hat  a c onc r et e 

s l ab c an hav e i n r educ i ng  po t ent i a l  d i f f e r ­

en t i a l  d i s p l ac ement s  i n ex pans i v e  c l ay s .  As  

a po i n t  of  i nt er es t ,  t he s ame pr ob l em was  r e ­

r un f or  an 8 i n.  t h i c k  c onc r e t e  s l ab.  The 

r es ul t s  ar e i nc l uded i n Fi g.  11 and s ugges t  

t hat  i nc r eas i ng  t he s l ab t h i c k nes s  f r om 5 i n.  

t o  8 i n.  wou l d  hav e l i t t l e  e f f ec t  on t he 

per f o r manc e of  t he s uper s t r uc t u r e  or  hous e.

Thi s  i s  not  en t i r e l y  unex pec t ed  due t o t he 

as s umed l i near  r e l a t i ons h i p  b e t ween  s t r a i n  

and t he l ogar i t hm of  t he s oi l  s uc t i on  and 

t her e f or e  s wel l  pr es s ur e.

The r es u l t s  i n Fi g.  11 a l s o g i v e a max i mum 

d i f f e r en t i a l  d i s p l ac emen t  of  1 i n 360 and an 

av er age ov er  t he hal f  wi d t h  of  t he s l ab of  1 

i n 600.  Thes e f i gur es  ar e s a t i s f ac t o r y  f or  

t he b r i c k  v e n e e r  c o n s t r u c t i o n  u s e d  i n  Au s t ­

r a l i a ,  but  p r o b a b l y  no t  f o r  d o u b l e  b r i c k  c on ­

s t r u c t i o n  ( Ai t c h i s on ,  1970) .

Al t hough t he mode l  f or  t he s l ab gav e f l ex ur e 

s t r es s es  wh i c h  s howed i ns t ab i l i t y  and wer e  

l ower  t han t hos e ob t a i ned f r om t he beam 

t heor y ,  t hey  c ou l d  be c or r e l a t ed  wi t h  t he 

t heor e t i c a l  s t r es s  dat a.  The es t i mat ed 

s t r es s es  f o r  t i me  z e r o  and at  s i x  mo n t h s  ar e 

s hown i n  Fi g . 12.  Wi t h  r e a l i s t i c  s oi l  s t i f f ­

nes s es ,  t he  s o - c a l l e d  n e u t r a l  a x i s  was  l oc a ­

t ed  b e l o w t he bas e of  t he s l ab  at  t he c en t r e ­

l i ne,  i . e.  n e a r  t he r eg i on  cf  ma x i mu m t ens i l e  

s t r es s .  Si nc e  t he ma x i mu m t ens i l e  s t r es s  i n  

t he  5 i n*  a n d  6  i n.  s l abs  a f t e r  6 mon t hs  i s  

of  t he or der  of  t he n o r ma l l y  e x p e c t e d  t ens i l e  

s t r engt h  of  c onc r et e,  c r ac k i ng  c an  be ex pec ­

t ed.

To c hec k  t he i n t e r ac t i on  be t ween  s oi l  and 

s l ab on t he pos i t i on  of  t he neut r a l  ax i s ,  

s ev er a l  ana l y s es  of  i mmedi a t e  s e t t l ement  wer e  

made us i ng  r educ ed  s oi l  modul us .  The r es u l t s  

f or  z er o and a l ow s oi l  modul us ,  s hown on 

Fi c .  12,  s ugges t  t hat  at  l ow s oi l  s t i f f nes s es ,  

t he beam ac t s  ac c or d i ng  t o t he c l as s i c a l  beam 

t heor y .  At  h i gher  s t i f f nes s es ,  us ua l l y  ex hi -

FIG. 12. STRESSES IN SLAB.

b i t ed  by  ex pans i v e  c l ay s  i n t he i r  na t u r a l  

s t at e,  t he s l ab  and s oi l  beg i n  t o ac t  mo r e  i n 

a c ompos i t e  manner ,  wi t h  t he neut r a l  ax i s  

s h i f t i ng  s i gn i f i c an t l y  f r om t ha t  de t e r mi ned  

by  t he b ea m t heor y .

CONCL USI ONS

The mode l  des c r i bed  i n t hi s  paper  i s c apab l e  

of  as s es s i ng  s l ab - on- g r ound  be hav i ou r  of  

ex pans i v e  c l ay s .  The  r es u l t s  gener a l l y  agr ee 

wi t h  t he au t hor ' s  ex per i enc e  of  t he behav i our  

of  ex pans i v e  c l ay s  i n s emi - ar i d  ar eas .  The 

dev e l opment  of  t he mode l  f or  ac c ur a t e  q uan t i ­

t a t i v e pur pos es  wi l l  on l y  be pos s i b l e  when  

mor e  r e l ev an t  i nput  dat a f or  ma t e r i a l  p r o p e r ­

t i es  and boundar y  c ond i t i ons  c an be ob t a i ned 

and as s es s ed  i n s u i t ab l e  f i e l d  t r i a l s .  At ­

t empt s  i n t hi s  d i r ec t i on  ar e c ur r en t l y  be i ng  

under t ak en.  Mor e ac c ur a t e  and e f f i c i en t  

f i n i t e e l emen t  t ec hn i ques  wi l l  nec es s ar i l y  

hav e t o be  dev e l oped  f or  quan t i t a t i v e  ana l y ­

s es  .
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