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SYNOPSI Si  Two exampl es of  t he pr edi c t i on of  por e pr essur es under  st at i c and dynami c  condi t i ons ar e pr esent ed.  The 

f i r st  exampl e deal s  wi t h t he pr edi ct i on of  por e pr essur es and l at er al  st r esses i n t he f oundat i on cl ay of  t he Kaubvi k 

Cai sson r et ai ned sand i s l and i n t he Canadi an Beauf or t  Sea.  The second exampl e deal s wi t h t he pr edi ct i on of  por e 
pr essur e gener at i on and di ssi pat i on dur i ng and af t er  an ear t hquake at  t he Paper  Mi l l  Si t e,  Yi ng Kou Ci t y,  PRC.  I nput  

pr oper t i es f or  t he above anal yses wer e obt ai ned usi ng t he i n si t u el ect r i cal  measur ement s.  The t ot al  l at er al  st r esses 
and por e pr essur es pr edi c t ed by t he f i ni t e el ement  anal ysi s  i n t he st at i c  case compar ed f avor abl y wi t h t he act ual  f i el d 

measur ement s made by por e pr essur e t r ansducer s and t ot al  st r ess cel l s.  The 100 per cent  excess por e pr essur e r at i o pr e

di c t ed at  var i ous dept hs usi ng a semi - empi r i cal  one- di mensi onal  el ast opl as t i c const i t ut i ve model  and f i ni t e di f f er ence 

met hod t o sol ve t he gover ni ng di f f er ent i al  equat i on i n t he second exampl e due t o ear t hquake l oadi ng i s i n conf or mat i on 

wi t h t he l i quef act i on behavi or  obser ved at  Yi ng Kou Ci t y dur i ng t he 1975 Hai cheng ear t hquake.

1 I NTRODUCTI ON

Fi ni t e el ement  and f i ni t e di f f er ence met hod wi t h el as t o
pl ast i c  const i t ut i ve model s descr i bi ng t he soi l  behavi or  

have been used i n t he anal ysi s of  boundar y  val ue pr obl ems 

i n geot echni cal  engi neer i ng.  The success of  t he pr edi c 

t i ons depends t o a l ar ge ext ent  on t he accur acy of  t he 

i nput  par amet er s used i n t he anal ysi s.  I n t hi s paper  t wo 
exampl es of  t he pr edi c t i on of  por e pr essur e under  st at i c 

and dynami c condi t i ons ar e pr esent ed.  The f i r st  exampl e 

deal s wi t h t he pr edi c t i ons of  por e pr essur es and l at er al  

st r esses i n t he f oundat i on cl ay of  t he Kaubvi k Cai sson 

r et ai ned sand i s l and i n t he Canadi an Beauf or t  Sea ( Shi nde 

et  al .  1988) .  The second exampl e deal s wi t h t he pr edi c 
t i on of  por e pr essur e gener at i on and di ssi pat i on dur i ng 

and af t er  an ear t hquake at  t he Paper  Mi l l  si t e,  Yi ng Kou 

Ci t y,  PRC,  ( Ar ul anandan,  et  al .  1986) .  The i nput  pr oper 

t i es used i n t he anal yses wer e pr edi ct ed f r om t he non

dest r uc t i ve i n si t u t est i ng usi ng t he el ect r i cal  met hod 

( Ar ul anandan 1977. ) .  The pr edi c t ed r esul t s ar e compar ed 

wi t h t he measur ed val ues i n t he f i r st  case and t he 

obser ved behavi or  i n t he second exampl e.

2 PREDI CTI ON AT THE KAUBVI K 1- 43 SI TE

At  t he Kaubvi k 1- 43 si t e i n t he Canadi an Beauf or t  Sea 

dur i ng t he summer  of  1986,  ESSO i nst al l ed a st eel  Cai sson 
Ret ai ned I sl and ( CRI )  wi t h a compr ehensi ve i ns t r ument a

t i on syst em on t he cai sson and t he f oundat i on t o cont i nu

ousl y measur e env i r onment al  f or ces ( Shi nde et  al .  1988) .  

An el ect r i cal  pr obe was used i n one t ype of  i n si t u t est  

( Ar ul anandan,  1977;  Ar ul mol i  et  al .  1985) .  The r esul t s 

f r om t he el ect r i cal  soi l  pr obe t est s ( ESPT)  wer e used t o 
conf i r m t he soi l  par amet er s sel ec t ed dur i ng t he desi gn 
st age.  They wer e al so used t o pr edi ct  t he r esponse of  t he 

f oundat i on under  gr avi t y l oads usi ng a numer i cal  model .

l oped at  t he Uni ver s i t y of  Cal i f or ni a at  Davi s 
( Ar ul anandan,  1977] .

Tabl e 1 gi ves t he val ues of  hor i zont al  ( FHD f ver t i cal  

( Fy) ,  aver age ( F)  f or mat i on f act or s and el ect r i cal  ani 

sot r opy i ndex ( A) ,  pr obe measur ement s cal cul at ed f r om 
( Daf al i as and Ar ul anandan,  1979) .

Tabl e 1

Dept h of  Test i ng ( m)  

f r om cai sson sur f ace Fv f h f

( FV+2FH)

3
H

27. 2 -  27. 48 3. 175 2. 941 3 . 019 1. 039

30. 3 -  30. 52 4. 101 3. 328 3. 586 1. 110

34. 8 -  35. 07 3. 853 3. 360 3. 524 1. 071

36. 27 -  36. 55 3. 683 3. 704 3. 697 0. 997

42. 39 -  42. 67 3. 875 3. 774 3. 808 1. 013

The r el at i onshi p bet ween aver age f or mat i on f act or  ( F)  

and por osi t y ( n)  det er mi ned by l abor at or y t est s on a 
r emol ded soi l  sampl e f r om 14. 8 m dept h bel ow_seabed i s 

shown i n Fi gur e 1.  Usi ng Fi gur e 1 and t he F gi ven i n 

Tabl e 1,  t he i n si t u por os i t y  can be obt ai ned.  The i n 

si t u Ko i s obt ai ned by usi ng t he r el at i onshi p bet ween l og 

( Â f )  and Ko,  gi ven by Meegoda et  al .  ( 1986] ,  ” A”  bei ng 

obt ai ned f r om Tabl e 1 and ” f ”  f r om Fi gur e 1.  The pr e
di c t ed Ko i s compar ed i n Fi gur e 2 wi t h t he pr edi ct ed 

val ues by sel f  bor i ng pr essur emet er  t est s and wi t h t he 

val ues measur ed by per f or mance moni t or i ng i nst r ument s.

The pr edi c t ed i n si t u st at e of  t he Kaubvi k  soi l  i n 

t er ms of  voi d r at i o,  ver t i cal  ( ov ) and hor i zont al  ( an)  

ef f ec t i ve st r esses,  over consol i dat i on r at i o and pr econ
sol i dat i on pr essur es (p0) i s gi ven i n ( Shi nde et  al .  

1988] .

2. 1 Pr edi ct i on of  i n si t u st at e of  t he soi l  usi ng t he 

el ect r i cal  pr obe

The el ect r i cal  soi l  pr obe used i n t hi s st udy was a 

Geoel ect r oni cs  El ect r i cal  Soi l  Pr obe Model  GE100 deve

2. 2 Pr edi c t i on of  t he r esponse and per f or mance of  t he 

f oundat i on cl ay

A t wo- di mens i onal  f i ni t e el ement  comput er  pr ogr am SAC2 

( Her r mann and Mi sh 1988]  was used f or  t he pr edi ct i on of

1 6 1
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Fi gur e 1.  For mat i on f act or  vs por osi t y  r el at i onshi p f or  

t he f oundat i on soi l  at  Kaubvi k 1- 43 si t e

K o
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o - - - - - - - - S B P M T  ( E M P E R 1 C  A L )

+ - - - - - - - - - I N S T R U M E N T A T I O N

Fi gur e 2.  Compar i son of  pr edi ct ed & measur ed i n si t u Kq

t he r esponse of  t he f oundat i on cl ay under  t he l oads 

i mposed by t he ’ ’const r uct i on”  of  t he cai sson r et ai ned 
i s l and ( Gr avi t y l oad) .  Thi s comput er  pr ogr am uses t he 

boundi ng sur f ace pl ast i c i t y model  t o descr i be t he st r ess-  

st r ai n behav i or  of  t he soi l .

I nput  par amet er s f or  SAC2,  i n addi t i on t o l oadi ng con

di t i ons,  ar e t he i ni t i al  condi t i ons of  t he soi l  and 

boundi ng sur f ace model  par amet er s and i s gi ven i n Shi nde 

et  al .  1981.
The geomet r y at  Kaubvi k was asymmet r i c  due t o t he pr e

sence of  an of f - cent er  gl or y hol e ( Fi gur e 3) .  Due t o t he 

2D nat ur e of  t he comput er  pr ogr am and si nce a pl ane 

st r ai n appr oxi mat i on i s not  appr opr i at e f or  t hi s 

geomet r y,  t he pr obl em i s anal yzed as t wo axi symmet r i c 

pr obl ems wi t h l oads pr oper l y scal ed usi ng t he cent er l i ne 
of  t he gl or y hol e as t he axi s of  symmet r y.  Thi s appr ox i 

mat i on r esul t s i n a sour ce of  er r or  f or  subsequent  pr e

di ct i ons.  Pr edi c t ed t ot al  hor i zont al  st r esses and t ot al  

por e wat er  pr essur e at  var i ous dept hs ar e gi ven i n Fi gur e

4 and 5.  Al so gi ven i n t hese f i gur es ar e t he t ot al  hor i 

zont al  st r esses and t ot al  por e wat er  pr essur es at  var i ous 
dept hs obt ai ned by i nst r ument at i on as wel l  as pr essur e 

met er .  Assumi ng t he I nst r ument at i on t o pr ovi de basel i ne 

i n si t u t ot al  hor i zont al  st r esses and por e wat er  pr essur es 

due t o t hei r  r obust  and por e wat er  t emper at ur e i nsensi t i ve 

nat ur e,  val ues pr edi ct ed by SAC2 agr ees r easonabl y wel l  
wi t h t he measur ed i n si t u val ues except  i n t he t op 5 m.  

Thi s can be at t r i but ed t o t he nat ur e of  t he ver y sof t  t op 

cl ay l ayer s and t o t he ax i symmet r i c  assumpt i on made.

3 PREDI CTI ON OF PORE PRESSURE GENERATI ON AND 

DI SSI PATI ON

A met hod was devel oped and i ncor por at ed i nt o a comput er  

pr ogr am ( EI MA1)  f or  l evel  gr ound soi l  l i quef ac t i on anal y 

si s,  whi ch i s t r eat ed as a boundar y val ue pr obl em 

( Ar ul anandan and Mur al eet har an 1985) .  Thi s met hod uses a 

semi - empi r i cal ,  one- di mens i onal  el ast opl as t i c const i t u

t i ve model  and f i ni t e di f f er ence met hod t o sol ve t he 
gover ni ng di f f er ent i al  equat i on f or  t he pr edi ct i on of  

por e pr essur e gener at i on and di ssi pat i on dur i ng and af t er  

dynami c exci t at i on.  A compr essi bi l i t y  f unct i on i ncor por 

at i ng ef f ec t s  at  l ow ef f ect i ve st r esses i s i nc l uded i n 

t hi s met hod,  whi ch was ver i f i ed by cent r i f uge model  

t est s.  Thi s pr ocedur e ut i l i zes i nput  pr oper t i es r epr e

sent at i ve of  f i el d condi t i ons det er mi ned by nondest r uc 

t i ve el ect r i cal  met hod.
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T O T A L  H O R I Z O N T A L  S T R E S S  < k P o )

Fi gur e 4.  Compar i son of  pr edi c t ed and measur ed hor i zont al  

st r ess

P O R E  P R E S S U R E  t k P o )

O  1 0 0  2 0 0  3 0 0  4 0 0  5 0 0  6 0 0  7 0 0  

OJ---- ■---- 1---- .---- .---- ■---- 1---- L

Fi gur e 5.  Compar i son of  pr edi ct ed and measur ed por e 

pr essur es

Comput er  pr ogr am ELMA1 t oget her  wi t h i nput  pr oper t i es 

obt ai ned by i n si t u el ec t r i cal  measur ement s ( Ar ul anandan 

et  al .  1986)  i s used i n t hi s st udy t o pr edi ct  por e 
pr essur e gener at i on and di ss i pat i on af t er  a par t i cul ar  

ear t hquake at  t he paper  mi l l  si t e.
Soi l  pr of i l e at  t he paper  mi l l  si t e based on CPT r e

sul t s ( Ar ul anandan et  al .  1986)  and bor e hol e dat a 

( pr ovi ded by I nst i t ut e of  Engi neer i ng Mechani cs,  Har bi n,  

PRC)  t oget her  wi t h t he l ocat i on of  t he por e pr essur e 

t r ansducer s whi ch wer e i nst al l ed r ecent l y ( i ndi cat ed by 

t he ar r ows)  ar e gi ven i n Fi gur e 6.  El ect r i cal  measur e
ment s wer e made up t o a dept h of  9. 4 m.  Bel ow t hi s dept h 

el ect r i cal  pr oper t i es  wer e deduced based on t he el ec t r i 

cal  pr oper t i es of  si mi l ar  soi l s  above 9. 4 m.  The el ec 

t r i cal  pr oper t i es ( see Tabl e 2)  wer e used t o obt ai n t he 

necessar y  i nput  par amet er s f or  t he pr ogr am ELMA1,  usi ng 

t he avai l abl e cor r el at i ons ( Ar ul anandan et  al .  1988) .  

Dur i ng t he 1975 Hai cheng ear t hquake t he maxi mum gr ound 
sur f ace accel er at i on at  Yi ng Kou Ci t y was est i mat ed t o 

t o var y bet ween 0. 1 t o 0. 15 g ( Ar ul anandan et  al .  1986) .

Si nce no accel er at i on- t i me hi st or i es wer e measur ed at  

Yi ng Kou Ci t y dur i ng t hi s ear t hquake,  t he paper  mi l l  si t e 

was anal yzed usi ng an ear t hquake havi ng a sur f ace accel er 

at i on of  0. 0813 g ( = 0. 65x( 0. 1 + 0. 15) / 2.  Equi val ent  num
ber  of  uni f or m cycl es and t he dur act i on of  t he ear t hquake 

wer e obt ai ned as 20 cycl es and 40 sec. ,  r espect i vel y.

Dept h

( " )
Symbol SOI L TYPE

0.75
FI LL

2.75
'•y : Si l t y  Si nd -  Sandy  Si l t

*—  6.0 »1

5.25
Cl ay ey  Si l t  -  Si l t y  Cl ay

7.50
Sand -  Si l t y  Sand

10.00 -

Si l t y Sand -  Sandy  Si l t

17.00

I  I

Cl ayey  Si l t  

and 

Si l t y Cl ay

—  12.5 m

22.50

Fi ne Sand

Si l t y  Cl ay  

( assumed I mper v i ous)

Fi gur e 6. Soi l  pr of i l e at  t he 

Tabl e

Paper  Mi l l  

2

si t e

Mai n

l ayer
#

Thi ck 
ness

( m)

( 1)
Por osi t y F 7 A

1 2. 00 0. 358 2. 430 1. 000 1. 04

2 1. 25 0. 468 2. 140 1. 002 1. 07

3 1. 25 0. 551 2. 430 1. 490 1. 10

4 1. 25 0. 399 3. 920 1. 487 1. 07

5 2. 50 0. 358 2. 801 1. 000 1. 10

7 2. 00 0. 446 2. 637 1. 002 1. 09

8 3. 50 0. 399 2. 246 1. 002 1. 09

9 5. 50 0. 355 2. 511 1. 002 1. 09

Excess por e pr essur e r at i o ( Au/ av ’ ) t i me hi s t or i es

o

pr edi ct ed by ELMA1 at  var i ous dept hs ar e gi ven i n Fi gur es 

7 and 8,  wher e Au = excess por e wat er  pr essur e and ’ =
o

i ni t i al  ef f ect i ve ver t i cal  st r ess.  Obser ved l i quef act i on 

at  t hi s si t e val i dat es t he pr edi ct ed l i quef act i on ( 100*  

excess por e pr essur e r at i o at  dept hs 10. 0 m and 12. 5 m) .

4 SUMMARY AND CONCLUSI ONS

The Kaubv i k  st udy has shown t hat  a combi nat i on of  i nst r u

ment at i on,  i n si t u t est i ng and anal yt i cal  met hods can be 

used t o enhance conf i dence i n cur r ent l y used desi gn 
met hods.  The f ol l owi ng concl us i ons can be dr awni

1)  El ect r i cal  soi l  pr obe t est i ng i s a vi abl e t ool  f or  
det er mi ni ng i n si t u pr oper t i es espec i al l y i f  t hese pr o

per t i es  ar e t o be used i n numer i cal  model s t o pr edi ct  

f oundat i on per f or mance.

2)  Fi ni t e el ement  anal ysi s usi ng t he boundi ng sur f ace 

pl ast i c i t y model  t o descr i be t he st r ess- st r ai n behavi or  

of  t he soi l ,  wi t h i nput  par amet er s  obt ai ned usi ng i n si t u 

el ect r i cal  pr obe t est i ng,  pr ovi des good pr edi ct i ons of  

f oundat i on r esponse.

H Y D R O S T A T I C  P R E S S U R E  

= IOkN/n?>

L E G E N D

■  O  P r e s  s u r e r o e  t e r

-  •  S A C  2

-  □  P o r e  P r e s s u r e  C e i l

▲  S A C  2  ( L e f t  H a n d  S i d e )

163



2 /4

T| IC<*I

Fi gur e 7.  Excess por e- pr essur e r at i o- t i me hi st or i es pr e

di ct ed by ELMA1 at  var i ous dept hs of  t he Paper  Mi l l  si t e

Fi gur e 8.  Excess por e- pr essur e r at i o- t i me hi s t or i es pr e

di ct ed by ELMA1,  i ndi cat i ng l i quef act i on at  t he Paper  

Mi l l  si t e

Tr eat i ng soi l  l i quef act i on as a boundar y  val ue pr obl em 

and usi ng i n si t u el ect r i cal  measur ement s,  a pr i or i  pr e

di ct i on of  por e pr essur e gener at i on and di ss i pat i on ar e 

made dur i ng and af t er  a par t i cul ar  ear t hquake at  t he 
Paper  Mi l l  si t e i n Yi ng Kou Ci t y,  PRC.  Measur ement s  made 

usi ng t he i nst al l ed por e pr essur e t r ansducer s dur i ng and 

af t er  a f ut ur e ear t hquake can be used t o ver i f y t he pr e

di c t ed por e pr essur e val ues f or  t hi s f ut ur e ear t hquake.  

Li quef act i on obser ved at  t he si t e dur i ng t he 1975 

Hai cheng ear t hquake val i dat es t he pr edi ct ed excess por e 

pr essur es at  dept hs 10. 0 12. 5 m t hat  ar e equal  t o t he 

i ni t i al  ef f ect i ve ver t i cal  st r esses at  t hese dept hs 
( i . e. ,  100% excess por e pr essur e r at i os) .  The met hod used 

i n t hi s paper  pr edi c t s  l i quef act i on of  l evel  gr ound 

si t es,  a boundar y  val ue pr obl em based on t he r esul t s of  

i n si t u t est i ng.
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