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Pr es s ur es  o n  a Ret ai ni ng Wal l  b y  an  Ex pans i v e  Cl ay

Pr ess i o n s  su r  un M u r  d e So u t èn em en t  p ar  u n e A r g i le Ex p an sive

B .G .R IC H A R D S  Principal Research Scientist, CSIRO, Div. o f Applied Geomechanics, Syndal, V ictoria, Australia

SYNOPSI S A r ei nf or c ed c onc r et e r et ai ni ng wal l ,  7. 5 m deep,  i n t he bas ement  of  t he Gouger  St r eet  Mai l  Exc hange,  

Adel ai de,  Sout h Aus t r al i a,  s uppor t s  s t i f f  Hi ndmar s h c l ay  ov er  mos t  of  i t s  dept h.  Ear t h pr es s ur es  on t he wal l  

and soi l  s uc t i ons  i n t he c l ay  hav e been moni t o r ed  f or  s ever al  y ear s .  The i ni t i al  ear t h pr es s ur es  wer e zer o.  

Subs equent l y  a pr es s ur e i nc r eas e oc c ur r ed at  t he bas e of  t he wal l  and mov ed pr ogr es s i v el y  up t he wal l  wi t h  t i me 

r eac hi ng a max i mum v al ue of  f i ve t i mes  t he ov er bur den pr ess ur e.

A t heor et i c al  model  us i ng t he f i ni t e el ement  met hod of  s ol ut i on wi t h  non- l i near  ( hy per bol i c )  mat er i al  par amet er s  

( pr ev i ous l y  dev e l oped  t o anal y s e t he l oad- moi s t ur e- di s pl ac ement  r es pons e of  ex pans i v e cl ays)  was  us ed t o c hec k 

t he pr opos ed mec han i s m of  behav i our  of  t he wal l .  The model  gav e ear t h p r es s ur es  on t he wal l  c ompar abl e i n bot h 

magni t ude and di s t r i but i on t o t hos e obs er ved.  Whi l e t he i nt er ac t i on p r obl em was  mor e c ompl ex  t han t he model  

used,  t he r es ul t s  s ugges t ed t hat  t he i nt er f ac i al  c ondi t i ons  bet ween t he wal l  and c l ay,  t he mov ement  of  t he wal l  

and t he magni t ude and ex t ent  of  t he s wel l i ng of  t he c l ay  may  be s i gni f i c ant  f act or s .

I NTRODUCTI ON

Wi t h t he dev el opment  of  t heor et i c al  model s  whi c h can 

s uc c es s f ul l y  anal y s e t he i mmedi at e and l ong t er m beha ­

v i our  of  ex pans i v e c l ay i n l abor at or y  t es t  pr oc edur es ,  

i t  i s now f eas i bl e t o ex t end  t hei r  use t o pr ac t i c al  

f i el d pr obl ems .  One pr obl em,  wh i c h was  s ui t abl e f or  

anal y s i s  and has  al r eady  been wel l  doc ument ed,  was  t he 

7. 5 m deep bas ement  of  t he Gouger  St r eet  Mai l  Exc hange,  

Adel ai de,  Sout h Aus t r al i a,  whi c h r equi r ed t he c ons t r uc ­

t i on of  a r ei nf or c ed c onc r et e r et a i ni ng wal l  ( Ri c har ds  

s Kur z eme,  1973) .  Thi s  r et ai n i ng wal l  s uppor t ed s t i f f  

Hi ndmar s h c l ay  ov er  mos t  of  i t s  dept h.  Thi s  c l ay  has  

been wel l  doc ument ed pr ev i ous l y  and s hown t o be a 

hi gh l y  ex pens i v e f i s s ur ed c l ay,  as s oc i at ed wi t h  many  

s t r uc t ur al  pr ob l ems  i n t he Adel a i de ar ea ( St ap^ ’ Oon,  

1970) .  As  f r ee wat er  was  obs er v ed  f l owi ng f r om t he 

c l ay  dur i ng t he ex c av at i on s t age,  t her e was  c onc er n 

t hat  s ubs equent  wet t i ng and heav i ng of  t he c l ay  mi ght  

c aus e l ar ge pr es s ur es  on t he wal l .

I n o r der  t o i nv es t i gat e t he behav i our  of  t he wal l ,  

ear t h pr es s ur es  on t he wal l  and soi l  s uc t i ons  i n t he 

c l ay  wer e moni t or ed.  Thes e meas ur ement s  ov er  s ev er al  

y ear s hav e s hown t hat  wh i l e t he i ni t i al  ear t h pr es s ur es  

wer e negl i gi bl e,  t he ear t h pr es s ur es  hav e i nc r eas ed at  

t he bot t om of  t he wal l  t o a v al ue of  at  l eas t  f i ve 

t i mes t he ov er bur den pr ess ur e.  Thi s  pr es s ur e i nc r eas e 

mov es  pr ogr es s i v el y  up t he wal l  wi t h t i me.  At  t he 

same t i me,  t he s oi l  s uc t i on meas ur ement s ,  t he near es t  

bei ng 2 m f r om t he wal l ,  hav e s hown no s i gni f i c ant  

c hange.  The mos t  l i k el y  c aus e of  t hi s  pr es s ur e i nc r ease 

was t hought  t o be t he ac c umul at i on of  s eepage wat er  i n 

t he i ni t i al  gap bet ween t he wal l  and t he cl ay,  f ol l owed 

by  t he l oc al  s wel l i ng of  t he c l ay.  When t he c l ay  made 

c ont ac t  wi t h t he wal l ,  t hi s  wat er  woul d no l onger  be 

r eadi l y  av ai l abl e t o t he c l ay  at  t hat  dept h.  The ear t h

pr es s ur es  woul d t hen onl y  i nc r eas e unt i l  t her e was  an 

i nt er nal  r edi s t r i but i on of  s oi l  s uc t i on wi t h i n  t he 

f abr i c  of  cl ay.

The t heor et i c al  model  us ed i n t hi s  paper  was  dev el oped 

by  t he aut hor  ( Ri char ds 1976a)  us i ng t he bas i c  t heor y  

pr opos ed by  Li v neh et  al .  ( 1973) .  I t  us es  t he f i ni t e 

el ement  met hod of  s ol ut i on f or  boundar y  pr obl ems  wi t h 

i nc r ement al  c hanges  i n l oads,  di s pl ac ement s  and soi l  

suc t i on.  The mat er i al  par amet er s  ar e ex pr es s ed i n non ­

l i near  ( hyper bol i c)  f or m as  f unc t i ons  of  s t r es s  and 

s oi l  s uc t i on ( Ri char ds,  1976b) .  Dur i ng t he above 

i nves t i gat i on,  ex t ens i v e ' i n t ac t 1 s ampl i ng and l abor a ­

t or y  t es t i ng of  t he c l ay  was  c ar r i ed out .  The t es t i ng 

pr ogr am i nc l uded a r ange of  t r i ax i al  t es t  i n whi ch 

v ar i ous  s t r ess  pat hs  wi t h soi l  s uc t i on meas ur ement  wer e 

f o l l owed and v ol ume c hange meas ur ement s  wer e c onduc t ed 

under  c ont r ol l ed s oi l  s uc t i on.  Thi s  paper  s hows how 

t he t es t  dat a obt ai ned c an pr ov i de t he nec es s ar y  ma t er ­

i al  pa r amet er s  f or  t he appl i c at i on of  t he t heor et i c al  

model  t o t he pr obl em.  Whi l e t he ex ac t  t r ans i ent  soi l  

wat er  c ondi t i ons  wer e unk nown,  i t  was  pos s i bl e t o t est  

t he hy pot hes i s  s t at ed abov e and demons t r at e t he r el e ­

v anc e of  t he model  t o s t r uc t ur e -  ex pans i v e c l ay  

i nt er ac t i on pr obl ems  i n gener al .

DETAI LS OF STRUCTURE

The Gouger  St r eet  Mai l  Ex c hange i s a s t eel - f r amed 

bui l di ng wi t h a r ei nf or c ed c onc r et e bas ement  s t r uc t ur e 

f ounded i n Hi ndmar s h c l ay.  Cons t r uc t i on of  t he bas e ­

ment  i nv ol v ed ex c av at i on t o a dept h of  appr ox i mat el y  

7 . 5 m and t he er ec t i on of  heav y  t empor ar y  s hor i ng 

bef or e t he per manent  bas ement  wal l  was  cast .

For  t he t empor ar y  s hor i ng,  v er t i c al  t aper  f l ange beams  

( 610 x  190 mm)  wer e pl ac ed i n 0. 9 m di a.  bor ed hol es,
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s pac ed at  appr ox .  2. 5 m and s ur r ounded by c onc r et e.

The i nt er v eni ng s pac es  wer e s panned by  r ei nf or c ed c on ­

c r et e panel s  0. 2 m t hi ck.  The f r ont  of  t he s hor i ng 

pr es ent ed a s moot h f ace agai ns t  whi c h t he per manent  

r et ai ni ng wal l  was  cast .  The t empor ar y  s hor i ng r e ­

mai ned i n pl ace af t er  c ons t r uc t i on of  t he 0. 3 m t hi ck 

r e i nf or c ed c onc r et e bas ement  r et ai ni ng wal l .

The Hi ndmar s h c l ay  al l owed a v er t i c al  s moot h,  f r ee 

s t andi ng f ace t o be ex c av at ed t o dept hs  of  at  l east  

7 met r es .  The i ni t i al  pr es s ur es  on t he wal l  wer e 

ex pec t ed t o be l ow,  i f  not  z er o as  c onf i r med by  t he 

s ubs equent  obs er v at i ons .  Howev er ,  as  po i nt ed out  

above,  wat er  was enc ount er ed dur i ng bot h s ampl i ng and 

exc av at i on,  so bot h c r eep and ex pans i on of  t he c l ay  

was  c ons i der ed l i k el y ,  l eadi ng t o t he l ong t er m bui l d 

up of  ear t h pr es sur es .

SAMPLI NG AND I NSTRUMENTATI ON

Thi n wal l ed  and s pl i t  t ube s ampl es  of  50 mm di a.  wer e 

t aken behi nd  t he r et ai ni ng wal l  us i ng a " Pr ol i ne"  

dr i l l i ng r i g.  Soi l  s uc t i on was  moni t o r ed  by  means  of  

ps y c hr omet er s  i ns t al l ed i n ei ght  hol es  beh i nd t he wal l  

at  dept hs  of  2,  4,  5 and 7. 5 m.  The ps y c hr omet er s  wer e 

dev el oped and c ons t r uc t ed by  t he CSI RO Di v i s i on of  

Appl i ed Geomec hani c s  ( Ri char ds,  1971) .

Twent y f our  ear t h  pr es s ur e c el l s  oper at i ng on t he 

Car l s on pr i nc i pl e  wer e c as t  i nt o t he r et ai n i ng wal l  

wi t h t he s ens i t i v e di aphr am pr el oaded agai ns t  t he 

ex pos ed c l ay  f ace.  Thes e c el l s  wer e l oc at ed at  s i x  

v er t i c al  s ec t i ons  al ong t he l engt h of  t he wal l  at  

dept hs  of  appr ox i mat e l y  2,  4,  6 and 7 met r es.

Ful l  det ai l s  and l oc at i on of  s ampl i ng and i ns t r ument a ­

t i on has  been des c r i bed i n Ri c har ds  and Kur z eme ( 1973) .

SOI L DESCRI PTI ON

An ex ami nat i on of  t he bor ehol e l ogs  and t he soi l  

s ampl es  ex ami ned i n t he l abor at or y  c l ear l y  s howed f our  

s epar at e and di s t i nc t  s oi l  t ypes.

The s ec t i on par al l e l  and i mmedi at el y  beh i nd  t he wal l  

i ndi c at i ng t he r el at i v e pos i t i ons  of  t hese s oi l s  s hows 

t he soi l  c ondi t i ons  wer e r eas onabl y  uni f or m ov er  t he 

25 m l engt h of  t he t es t  s i t e wa l l . The s ur f ace c ons i s t ed 

of  1 t o 2 m of  r ubbl e,  c al c r et e and c l ay  f i l l ,  ov er l y i ng 

about  2 m of  mar l  over  s l i ght l y  f i s s ur ed Hi ndmar s h c l ay 

t o a dept h of  about  10 m.  The f l oor  l ev el  of  t he bas e ­

ment  was  s l i ght l y  bel ow t he mi d- hei ght  of  t he Hi ndmar s h 

c l ay  l ayer .  The r et ai ni ng s t r uc t ur e was  ex pos ed t o t he 

Hi ndmar s h c l ay  ov er  a dept h of  appr ox i mat el y  5 m.

LABORATORY TESTI NG OF SAMPLES

1.  St r es s  Cont r ol l ed Undr ai ned Tr i ax i al  Test s

Sampl es  wer e ex t r uded f r om t he 50 mm di a.  s ampl e t ubes 

and t r i mmed t o t r i ax i al  spec i mens ,  50 mm di a.  by  75 mm 

l ong.  The s pec i mens  wer e t hen s et  up i n a c onv ent i onal  

t r i ax i al  cel l  i n a pneumat i c a l l y  oper at ed s t r es s  c on ­

t r ol l ed l oadi ng f r ame and pr el oaded unt i l  v er t i c al  

di s pl ac ement s  wer e c ons t ant  over  a 5 mi n.  per i od.

Thr ee t y pes  of  s t r es s  pat hs  wer e f ol l owed.

Fi r st l y ,  c ons t ant  s t r es s  r at i o t es t s wi t h 03/ 0] -  1. 0,  

0. 75 and 0. 5 r es pec t i v el y  wer e at t empt ed.  The i ni t i al  

pr el oad us ed i n t hese t est s was  O]  equal  t o 69 k Pa and 

t he appr opr i at e 03. The s t r es s  r at i o of  1. 0 di d not  

gi ve s uf f i c i ent  v ol ume c hange t o be meas ur ed acc ur at el y .

The s t r es s  r a t i o o f O. 5  c aus ed al mos t  i mmedi at e f ai l ur e.  

Cons equent l y  t he s t r es s  r at i o of  0. 75 gav e t he onl y  

us ef ul  r es ul t s .  I n al l  c as es  t he v er t i c al  s t r es s  was  

i nc r eas ed i n i nc r ement s  of  69 k Pa ( and t he appr opr i at e 

s t r es s  l at er al l y )  t o t he as s umed ov er bur den s t r es s es  

f or  t he dept h of  t he s ampl e,  unl oaded and t hen r e l oad ­

ed t o f a i l u r e .

The s ec ond t ype of  s t r es s  pat h was  us ed i n a s er i es  of  

t es t s  i n whi c h t he oc t ahedr al  nor mal  s t r ess  was  hel d 

c ons t ant  at  one of  f our  l evel s,  v i z.  69,  138,  207 and 

276 kPa.  The s ampl e was  f i r s t  l oaded wi t h  an al l - r ound 

pr es s ur e equal  t o t he oc t ahedr al  nor mal  s t r es s  chosen.  

The v er t i c al  s t r es s  was  t hen i nc r eas ed i nc r ement al l y  

t o f ai l ur e whi l e t he l at er al  s t r es s  was  r educ ed t o 

mai nt ai n c ons t ant  oc t ahedr al  nor mal  s t r ess.

The t hi r d t ype of  s t r es s  pat h  was  us ed on a s el ec t i on 

of  t es t  s pec i mens  r epr es ent at i v e of  t he mat er i al  t ypes,  

v i z.  c ons t ant  c el l  pr es s ur e t es t s  wi t h t he cel l  p r es ­

sur e equal  t o 69,  130,  207,  276 k Pa.  Some s pec i mens  

wer e t es t ed as  s ampl ed and ot her s  af t er  be i ng equ i l i ­

b r at ed i n a pr es s ur e membr ane appar at us  wi t h ai r  pr es ­

s ur es  c ont r ol l ed at  35,  105,  350,  1050 and 3500 kPa.

Vol ume c hange meas ur ement s  wer e obt ai ned f or  t he 

t r i ax i al  t est s ,  enabl i ng bot h  t angent i al  and s ec ant  

modul i  and Poi s s on ' s  r a t i o  t o be det er mi ned at  eac h 

s t r es s  l evel  f or  eac h spec i men.  The s oi l  s uc t i on of  

t he s pec i mens  was  det er mi ned as t he mean of  ni ne 

ps y c hr omet er  det er mi nat i ons  t hr oughout  t he s pec i men 

at  t he c ompl et i on of  t he t est .

2.  Moi s t ur e Di s t r i but i on at  Ti me of  Sampl i ng

The i ni t i al  s oi l  s uc t i on dat a wer e meas ur ed ps y c hr o-  

met r i c a l l y  on s ampl es  t ak en at  i nt er v al s  of  300 mm 

f r om t he s pl i t  t ube s ampl es.

3.  Vol ume Change Tes t s

Fi ve s pec i mens  50 mm di a.  by  25 mm hi gh wer e pr epar ed 

f r om t he 50 mm di a.  t hi n wal l ed t ube sampl e.  They  

wer e i mmedi at el y  wei ghed,  t hei r  d i mens i ons  meas ur ed 

at  a number  of  poi nt s  and t hen p l ac ed i n a pr es s ur e 

membr ane wi t h  ai r  pr es s ur es  c ont r o l l ed at  f i ve d i f ­

f er ent  l evel s  v i z .  35,  105,  350,  1050 and 3500 kPa.

At  mont h l y  i nt er val s ,  t he s pec i mens  wer e wei ghed and 

t hei r  di mens i ons  chec ked.  When no c hange was r ec or d ­

ed  bet ween t wo s uc c es s i v e mont hl y  meas ur ement s ,  t he 

s pec i mens  wer e ov en- dr i ed and r e- wei ghed.  The r es ul t s  

wer e pl ot t ed as v er t i c al ,  l at er al  and v ol ume s t r ai ns  

v er s us  t he l ogar i t hm of  t he f i nal  meas ur ed s uc t i on,

e. g.  Fi g.  1.  The s l ope of  t he s t r ai ght  l i ne f i t t ed 

t hr ough t hese poi nt s  gav e c oef f i c i ent s  of  s t r ai n i n 

t wo di mens i ons ,  CCj  and CC2 and t he v ol ume change,

CCy r espec t i v el y .

RESULTS OF THE FI ELD I NSTRUMENTATI ON

The ear t h pr es s ur e cel l  obs er v at i ons  wer e t aken on 

eac h cel l  f r om t he t i me of  i ns t a l l a t i on i n Augus t  1971 

t o J ul y  1975.  As  ex pec t ed t he i ni t i al  r eadi ngs  i ndi ­

c at ed v er y  l ow pr es s ur es  on t he wal l  ov er  t he whol e 

dept h.  However ,  at  eac h of  t he s i x  v er t i c al  sect i ons,  

t he l owest  ear t h pr es s ur e cel l  s howed an i mmedi at e 

pr ogr es s i v e i nc r eas e i n pr es s ur e wi t h t i me as  i ndi c a ­

t ed by  t he ex ampl es  i n Fi g.  2.  A gener a l  pr ogr es s i v e 

i nc r eas e i n pr es s ur e of  t he s ec ond l owes t  r ow of  cel l s 

al s o c ommenc ed many  mont hs  af t er  i ns t al l at i on,  f ol l ow­

ed by  t he t hi r d l owes t  r ow,  18 t o 24 mont hs  af t er .

The t op r ow whi c h i s at  t he l ev el  of  t he mar l ,  has 

s hown no i nc r eas e i n pr es s ur e as  at  Febr uar y,  1976.
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FI G.  1.  TYPI CAL SUCTI ON -  VERTI CAL STRAI N RELATI ON­

SHI P FOR HI NDMARSH CLAY

Ps y c hr omet er  obs er v at i ons  t aken at  t he same i nt er val s  

of  t i me hav e s hown no s i gn i f i c ant  c hanges  of  soi l  

s uc t i on i n t he Hi ndmar s h c l ay  ov er  t he same t i me per i od.  

Smal l  f l uc t uat i ons  wer e obs er v ed  at  l oc at i ons  i n t he 

mar l ,  wher e s eepage was  det ec t ed  dur i ng i ns t al l at i on.

t o s ome f i nal  s t at e.  For  eac h i nc r ement ,  t wo s t ages  ar e 

c ons i der ed.  Fi r s t ,  t he i ni t i al  s t r ai ns  ar i s i ng f r om t he 

v ol ume c hange due t o t he i nc r ement al  s oi l  s uc t i on c hange 

i s  c al c ul at ed at  eac h node as s umi ng c ons t ant  s t r ess .

Then,  t he ac t ual  el as t i c  r es pons e i s obt ai ned and any  

addi t i onal  appl i ed l aods  as s umi ng c ons t ant  soi l  s uc t i on.  

Thi s  t wo- s t ep pr oc es s  i s  r epeat ed i t er at i v el y  unt i l  

r eas onabl e c onv er genc e i s  obt a i ned  bef or e pr oc eedi ng t o 

t he nex t  i ncr ement .

SOI L PARAMETERS

The mat hemat i c a l  model  r equi r es  t hr ee s et s  of  par a ­

me t er s  as  di s c us s ed bel ow.

1.  Vol ume Change Par amet er s ,  CC]  and CC2
These ar e def i ned  as t he s l ope of  t he v er t i c al  and hor i ­

z ont al  s t r ai ns  r es pec t i v el y  due t o moi s t ur e c hanges  

v er s us  t he l ogar i t hm of  t he s oi l  s uc t i on c ur v es  f r om t he 

v ol ume c hange t est s.  Ov er  pr ac t i c al  c hanges  of  s oi l  

suc t i on,  t hese c ur v es  appr ox i mat e s t r ai ght  l i nes ( eg.  

Fi g . l ) .  Henc e CCj  and CC2 c an be c ons i der ed as c ons t ant s . 

Res ul t s  f or  t he t hr ee mai n s oi l  t y pes  f ound beh i nd t he 

r et ai ni ng wal l  c an be s ummar i z ed as  f ol l ows:

CC? = 0. 010 

= 0. 026 

CC2 = 0. 045

Fi l l  CCj  = 0. 012

Mar l  CC]  = 0. 030

Hi ndmar s h Cl ay  CC]  = 0. 072

2.  Mohr - Coul omb Yi el d  Cr i t er i on

Ear l i er  at t empt s  ( Kur z eme and Ri c har ds ,  1973)  t o def i ne 

a v al ue of  t he undr ai ned par amet er s ,  C and <f> f or  t he 

Hi ndmar s h c l ay  i n t er ms  of  t ot al  s t r es s es  wer e made 

di f f i c u l t  by  t he appar ent  mat er i al  v ar i abi l i t y .  For t u ­

nat el y,  s oi l  s uc t i on de t er mi nat i ons  had been made on al l  

t est  s pec i mens,  al t hough i t  was  not  pr ev i ous l y  c ons i der ­

ed as  a pos s i b l e v ar i abl e.  An ex ami na t i on of  t he depend ­

enc e o f  C and <J) on  soi l  s uc t i on c oul d  t her ef or e be made.

Fi g.  3 s hows  t he r es ul t s  of  t he s pec i mens  whos e soi l  

s uc t i on was  c ont r ol l ed be f or e t he t r i ax i al  t es t  was  

c ar r i ed out .  Thes e t es t  r es ul t s  i ndi c at e a good c or r el a ­

t i on wi t h t he meas ur ed soi l  s uc t i on.  The s t r ai ght  l i ne 

used as a s ugges t ed y i el d c r i t er i on gi v es  C = 0 and t he 

equi v al ent  angl e of  f r i c t i on f or  a c hange i n s oi l  s uc t -

The r es ul t s  of  a l l  t he ot her  t r i ax i al  t es t s  on Hi ndmar s h 

c l ay  ar e a l s o  p l ot t ed i n Fi g.  3 and t he s ugges t ed y i el d 

c r i t er i on i s i n good agr eement .  Thi s  y i el d c r i t er i on 

c an t her ef or e be wr i t t en  as

( Oj  -  03) = 2. ht - t an4>,1 
wher e <»1 = v er t i c al  s t r ess ;  03 = hor i z ont al  s t r ess:

h = soi l  s uc t i on;

3.  St r es s - St r a i n  Rel at i ons hi ps

8 . 3

VERTx CAL PRESSURE DI STRI BUTI ONS FOR CELLS 

304 -  307 and 316 -  319.

The t r i ax i al  t es t  dat a was  bac k - anal y s ed us i ng a f i ni t e 

el ement  model  of  t he t es t  s pec i mens  t o det er mi ne t he 

hy per bol i c  non- l i near  e l as t i c  par amet er s  ( Ri char ds,  

1975,  1976b)  f or  Hi ndmar s h Cl ay,  v i z.

THEORETI CAL MODEL

The t heor et i c al  model  empl oy s  an i nc r ement a l  i t er at i ve 

f i ni t e el ement  met hod of  s ol ut i on f or  mat er i a l s  wi t h 

non- l i near  el as t i c  par amet er s  s ubj ec t  t o bot h i ni t i al  

v ol ume s t r a i ns  and t he Mohr - Coul omb y i el d c r i t er i on.  

Thi s  met hod c ons i der s  a number  of  i nc r ement s  of  s uc t i on 

and l oad f r om t he i ni t i al  s oi l  s uc t i on and s t r es s  s t at e

f or  v i r gi n l oadi ngs:  K = 10°  k Pa

G = 107 h  °*61

f or  unl oadi ng or  

r el oadi ng :

s hear  s t r es s  

y i el d s t r es s

( O i - o 3 ) / 2  

= h . t an$
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FI G.  3.  ULTI MATE SHEAR STRESS -  SOI L  SUCTI ON RELATI ON­

SHI P FOR HI NDMARCH CLAY -  SUCTI ON CONTROLLED 

SPECI MENS.

As  an ex ampl e,  t hi s  r el at i ons hi p  gav e t he pr edi c t ed 

s t r es s - s t r ai n c ur v es  i n Fi g.  4 f or  t he c ons t an t  cel l  

pr es s ur e (03) t r i ax i al  t es t s  c ompar ed wi t h  t y pi c al  

ex per i ment a l  r es ul t s  wi t h  whi c h t hey  wer e mat c hed.

A c hec k  on t he par amet er s  was obt ai ned b y  s et t i ng up 

t he t heor et i c al  model  f or  a membr ane c ons ol i domet er  

t es t  ( Ri c har ds ,  1976a) . The r es ul t s  of  t hes e anal y s es  

ar e s hown i n Fi g.  5.  Thes e r es ul t s  ar e pr es ent ed i n a 

f or m c ompar abl e wi t h t hat  c ommonl y  r epor t ed f or  ex pan ­

s i v e c l ay s .  Thi s  i ndi c at es  t hat  t he v ol ume c hange par a ­

met er  f or  Hi ndmar s h  c l ay  f r om a c ons ol i dat i on t est ,  v i z .  

CC,  f or  Oj  = 0 k Pa c oul d be of  t he or der  of  0. 15.  Thi s  

i s c ompar abl e  wi t h v al ues  f or  t he mos t  hi ghl y  ex pans i v e 

c l ay s  i n t he Adel ai de ar ea ( Ai t chi s on,  1972) .

ANALYSES OF RETAI NI NG WALL

The f i ni t e el ement  mes h r epr es ent i ng t he pr obl em i s 

s hown i n Fi g.  6, i n whi c h t he el ement  di mens i ons  ar e

FI G.  4-  PREDI CTED AND EXPERI MENTAL STRESS- STRAI N

CURVES FOR CONSTANT CELL PRESSURE TRI AXI AL 

TESTS ON HI NDMARSH CLAY

FI G.  5.  PREDI CTED RESPONSE OF HI NDMARCH CLAY I N 

MEMBRANE CONSOLI DOMETER

FI G.  6. FI NI TE ELEMENT MESH REPRESENTI NG RETAI NI NG 

WALL

1 m x  1 m.  As  t her e was  obv i ous l y  no s i gni f i c ant  c on ­

t ac t  bet ween t he soi l  and t he wal l  i ni t ai l l y ,  t he j oi n 

el ement s  of  Ghabous s i  e t  al .  ( 1973)  wer e us ed t o  model  

t he i nt er f ace. .

The mai n unk nown was  how t he s oi l  s uc t i ons  c hanged wi t  

t i me.  Any  s i gni f i c ant  c hanges  wer e r es t r i c t ed t o wi t h 

i n a z one 2 met r es  f r om t he wal l  ac c or di ng t o t he 

ps y c hr omet er  r es ul t s .  Ps y c hr omet er  det er mi nat i ons  cor  

duc t ed on wat er  s ampl es  t ak en f r om t he Mar l / Hi ndmar s h 

c l ay  i nt er f ac e i ndi c at ed t hat  due t o i t s  el ec t r ol y t e  

c ont ent ,  i t  ex hi bi t ed an ef f ec t i v e s uc t i on of  100 t o 

300 kPa.  Cons equent l y ,  i t  was  as s umed t hat  200 k Pa w« 

t he l i mi t i ng s oi l  s uc t i on on wet t i ng.

The ex t ent  t o whi c h wet t i ng t ook  p l ac e f r om t he wal l  

woul d  be dependent  on t he v o l ume of  wat er  av ai l abl e t r  

t he c l ay.  Howev er ,  as  t he wet t i ng was  k nown t o be 

l i mi t ed t o l es s  t han 2 m f r om t he wal l ,  t hi s  meant  t h;  

wet t i ng c oul d onl y  t ak e p l ac e as  f ar  as t he s ec ond 

c ol umn of  nodes  f r om t he wal l  i n  t he f i ni t e el ement  

mes h i n Fi g.  6. The f i r s t  c ol umn r epr es ent s  an ef f ec  

i ve wet t i ng of  0. 5 m wher eas  t he s ec ond r epr es ent s  1.

Wi t hi n t hes e c ons t r ai nt s ,  t he f ol l owi ng c as es  wer e 

ana l y s ed:

1)  Pr ogr es s i v e wet t i ng up  of  t he s i ngl e node at  t he 

bot t om of  t he wal l  f r om 1500 k Pa t o 200 k Pa soi l  

s uc t i on ( Fi g.  7) .

2)  Pr ogr es s i v e wet t i ng up of  t he s i ngl e  node at  t he 

bot t om of  t he wal l  f r om 1500 k Pa t o 200 k Pa soi l  

s uc t i on bef or e t he nex t  node up t he wal l  begi ns  t o 

wet  up  and s o on ( Fi g.  8) .
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FI G.  7.  RESULTS OF ANALYSES FOR CASE 1

3)  Pr og r es s i v e wet t i ng  u p  of  t he s i ngl e node at  t he 

bot t om of  t he wal l  f r om 1500 -  1000 -  700 -  450 -  

300 -  200 k Pa wh i l e wet t i ng c ommenc es  pr ogr es s i v el y  

up  t he wal l  node by  node at  eac h i nc r ement .

Thes e t hr ee c as es  wer e  r epeat ed as s umi ng c ont i nui t y  

bet ween t he s oi l  and t he wal l  and t he r es ul t s  obt ai ned 

ar e s hown as  das hed l i nes  i n Fi gs .  8 - 1 0 .  Thes e c as es  

wer e al s o r epeat ed as s umi ng wet t i ng  up of  t he s oi l  t o 

t he s ec ond node f r om t he wal l .  As t he pr es s ur e pat t er ns  

wer e s i mi l ar  ex c ept  f or  bei ng s l i ght l y  hi gher ,  on l y  t he 

r es ul t s  f or  c as e 3 ar e s hown i n Fi g.  10.

FI G.  8.  RESULTS OF ANALYSES FOR CASE 2 

DI SCUSSI ON

The r es ul t s  of  c as e 1 i n Fi g.  7 s hows  how t he ear t h 

pr es s ur e on t he wal l  i nc r eas es  wi t h  r educ i ng soi l  

s uc t i on t o v al ues  c ompar abl e t o t hose obs er v ed by  t he 

ear t h pr es s ur e cel l s .

The r es u l t s  o f  c as e 2 i n Fi g.  8 s how how t he ear t h 

pr es s ur e peak  mov es  pr ogr es s i v e l y  up  t he wal l  but  t ends  

t o di s s i pat e.  A c l os er  ex ami nat i on of  t he r es ul t s  

s ugges t ed t hat  t he ear t h  pr es s ur es  at  t he l ower  par t  

of  t he wal l  c aus ed t he s oi l  adj ac ent  t o t he upper  par t

FI G.  9.  RESULTS OF ANALYSES FOR CASE 3

of  t he wal l  t o mov e away  f r om t he wal l .  Subs equent  

s wel l i ng up  t he wal l  was  i ns uf f i c i ent  t o c l os e t hi s  

gap and dev e l op  s i gn i f i c ant  ear t h pr es s ur es .  Thi s  was  

al s o  v er i f i ed by  t he r es ul t s  of  t he ana l y s i s  as s umi ng 

c ont i nui t y  bet ween t he s oi l  and t he wal l  al s o s hown 

i n Fi g.  8.

FI G.  10.  RESULTS OF ANALYSES FOR CASE 3 WI TH WETTI NG 

OVER 2 NODES
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The r es ul t s  of  case 3 i n Fi g.  9 ar e i n bes t  agr eement  
wi t h t he obs er v ed ear t h pr es s ur es .  As f or  cas e 2,  t he 

ear t h pr es s ur es  di s s i pat e as  t he wet t i ng f r ont  mov es 

up t he wal l ,  when no adhes i on i s as s umed bet ween t he 

soi l  and t he wal l .  The c ompar abl e ana l y s es  as s umi ng 

wet t i ng oc c ur s  ov er  a di s t anc e of  1 m,  i . e.  t o t he 

s ec ond node f r om t he wal l ,  i s  s hown i n Fi g.  10.  Thes e 

show t hat  t he ear t h pr es s ur es  ar e s i mi l ar  ex c ept  t hat  

t hey ar e hi gher .  Ref er enc e t o t he obs er v ed ear t h 

pr es s ur es  i n Fi g.  2 s ugges t  t hat  t he as s umpt i ons  made 

i n pr edi c t i ng t he f our  r es ul t s  s hown i n Fi gs.  9 and 

10 c oul d enc ompas s  t he ac t ual  behav i our .

Thes e pr ed i c t ed r es ul t s  t her ef or e hel p c onf i r m t he 

pr ev i ous l y  pr opos ed mec hani s m of  behav i our ,  v i z.  t hat  

t he f r ee wat er  enc ount er ed at  t he Mar l / Hi ndmar s h c l ay 

i nt er f ac e at  a dept h of  appr ox i mat el y  3 m c oul d pene ­

t r at e t he gap be t ween t he t empor ar y  s hor i ng and t he c l ay  

f ace.  Thi s  wat er  c oul d c ol l ec t  i n t hi s gap  at  t he 

bot t om of  t he ex c av at i on c aus i ng s wel l i ng of  t he c l ay 

at  t hat  poi nt .  The s wel l i ng f r ont ,  wi t h t he ac c ompany ­

i ng r i se i n pr es s ur e as i ndi c at ed by  t he ear t h pr es s ur e 

cel l s,  woul d  mov e upwar ds  as t he gap  i s pr ogr es s i v el y  

s eal ed of f  t o f ur t her  ac c es s  of  t he wat er .

CONCLUSI ONS

The ex per i enc e wi t h t he t heor et i c al  model  s ugges t s  

t hat  t he s oi l - wal l  i nt er ac t i on i s compl ex.  Howev er ,  

i t  i s obv i ous  t hat  i n gener al ,  t he ear t h  pr es s ur es  

ar e dependent  on t he r educ t i on of  s oi l  s uc t i on,  t he 

v ol ume c hange par amet er  and t he ex t ent  of  wet t i ng i nt o 

t he s oi l .  The gap be t ween t he soi l  and t he wal l  appear s  

t o hav e an ef f ec t  on t he ear t h pr es s ur e pat t er n.  Apar t  

f r om t he ef f ec t  t hi s  gap woul d have on t he av a i l abi l i t y  

of  wat er ,  t he ot her  f ac t or s  di s c us s ed abov e c oul d be 

quant i f i ed  and c ons i der ed i n t he t heor et i c al  model .

I n pr ac t i c e,  t he det er mi nat i on of  t hese f ac t or s  woul d 

not  be ec onomi c al  i n t he des i gn of  mos t  r et ai ni ng 

s t r uc t ur es .  However ,  r eas onabl e l i mi t s  c oul d be 

pl ac ed on t hem f ol l owi ng a s i mpl e f i el d i nv es t i gat i on,  

enabl i ng c ons er v at i v e ear t h pr es s ur e pat t er ns  t o be 

pr edi c t ed wi t h t he t heor et i c al  model .  Whi l e not  c on ­

s i der ed her e,  t he s t r uc t ur al  det ai l s  of  t he wal l  

i t s el f  c oul d hav e been i nc l uded i n t he model ,  t hus 

per mi t t i ng a pr edi c t i on of  t he wal l  per f or manc e t o be 

made and ev al uat ed f or  des i gn pur pos es .

The f ut ur e t r ends  i n t he ear t h pr es s ur es  wi l l  be of  

c ons i der abl e i nt er est .  I f  wat er  i s no l onger  av ai l abl e 

t o t he c l ay,  t he r educ t i on i n s oi l  s uc t i on wi l l  ev en ­

t ual l y  di s s i pat e  and t he ear t h pr es s ur es  wi l l  decr eas e.

I f  wat er  i s s t i l l  avai l abl e,  al t hough at  a muc h 

r educ ed r at e,  t he ear t h pr es s ur es  wi l l  i nc r eas e t o an 

upper  l i mi t  of  t he s wel l i ng pr es s ur e,  whi c h i s pr edi c ­

t ed t o be of  t he or der  of  1200 kPa.
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