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O n  t h e  m o d e l l i n g  o f  t h e  c o n s o l i d a t i o n  r e s p o n s e  o f  e n d  b e a r i n g  p i l e s  

L a  m o d é l i s a t i o n  d e  l a  r é p o n s e  e n  c o n s o l i d a t i o n  d e s  p i e u x  p o r t a n t  e n  p o i n t e

A .R S .S E L V A D U R A I ,  D e p a r tm e n t  o f  C iv i l  E n g in e e r in g ,  C a r le t o n  U n iv e rs i ty ,  O t ta w a ,  O n t a r io ,  C a n a d a  

R .K A R P U R A P U ,  D e p a r tm e n t  o f  C iv i l  E n g in e e r in g ,  C a r le to n  U n iv e rs i ty ,  O t ta w a ,  O n t a r io ,  C a n a d a

S Y N O P S I S :  Th i s  p a p e r  appl i es  t he f i ni t e e l ement  t ec hni que t o e x a mi n e  t he c onsol i dat i on r es pons e of  

pur el y  e n d  bear i ng pi l es.  T h e  mode l l i ng  f ocusses o n  t he ut i l i zat i on of  c omp os i t e  f i ni t e a n d  i nf i ni t e el ement s  

t o r epr esent  r espect i vel y  t he near  f i el d a n d  f ar  f i el d consol i dat i on r esponse.  T h e  c onsol i dat i on behav i ou r  of  

t he e n d  bear i ng z on e  i s assessed b y  e x a mi n i n g  t wo  l i mi t i ng cases  wh e r e  t he  e n d  bear i ng z one  i s l ocat ed ei ­

t her  i n a  d e e p  bor ehol e  or  e mb e d d e d  i n a  me d i u m of  i nf i ni t e ext ent .  Nu me r i c a l  r esul t s dev e l oped i l l ust r at e 

t he ma n n e r  i n wh i c h  dr a i nage c ondi t i ons  at  t he end- bear i ng z one  i nf l uences t he degr ee of  consol i dat i on.

1.  I N T R O D U C T I O N

T h e  e n d  bear i ng  r es pons e of  axi al l y l oaded pi l es h a v e  b een  e x a m­

i ned i n gr eat  det ai l  d u e  t o t hei r  i mpo r t an c e  t o f oundat i on  desi gn.  

Ac c o u n t s  of  t hese d e v e l op men t s  ar e gi v en b y  Me y e r h o f  ( 1976) ;  

Ves i c  ( 1977) ;  Pel l s ( 1980) ;  a n d  Pou l os  ( 1987) .  T h e  as s es s ment  

of  t he c ons ol i dat i on r es pons e of  a n  e n d  bear i ng pi l e s hou l d  t ak e 

i nt o c ons i der at i on a  r ange  of  i nt er f ace t r act i on,  d i s p l ac ement  a n d  

po r e  pr es s ur e b o u n d a r y  c ondi t i ons  t hat  ar e appl i cabl e t o t he l oad 

t r ans mi t t i ng i nt er f ace.  Th i s  pap e r  appl i es t he f i ni t e e l emen t  t ec h ­

n i que  t o s t udy  t he t i me- dependen t  s et t l ement  behav i ou r  of  a n  e n d  

bear i ng  pi l e.  T h e  d e p t h  of  appl i cat i on of  t he e n d  bear i ng l oads  i s 

a s s u me d  t o b e  s uc h  t hat  t he me d i u m i s r epr esent ed as  a n  i nf i ni t e 

space.  T h e  f i ni t e e l emen t  s c h e me  uses  t he t heor y  of  p r i ma r y  c o n ­

sol i dat i on dev e l oped  b y  Bi ot  ( 1941)  t o e x a mi n e  t he e n d  bear i ng 

pi l e p r ob l em.  T h e  f i ni t e e l emen t  s c h e me  al so e mp l o y s  a  c oup l ed  

i nf i ni t e e l emen t  t o cor r ect l y  mo d e l  t he r egi on of  i nf i ni t e ext ent .  

T h e  numer i c a l  r esul t s pr es ent ed i n t he p ap e r  i l l ust r at es t he i n­

f l uence of  d r a i nage a n d  di s pl ac ement  a n d / o r  t r act i on b o u n d a r y  

c ondi t i ons  o n  t he ma g n i t u d e  a n d  r at e of  consol i dat i on set t l ement .  

T h e  r esul t s c a n  al so f o r m t he basi s f or  t he ev al uat i on of  cer t ai n 

aspec t s  of  t he consol i dat i on r es pons e of  d e e p  bor ehol e pl at e l oad 

t est s a n d  s c r ew pl at e t est s ( Sel v adur ai  a n d  Ni chol as ,  1979;  Sel -  

v adur a i  et  al .  1980;  Sel v adur ai  a n d  Gopa l ,  1986) .

2.  F I N I T E  E L E M E N T  M O D E L L I N G  O F  S O I L  C O N ­

S O L I D A T I O N

T h e  bas i c  equa t i on f or  one- d i mens i ona l  consol i dat i on f i r st  p r o ­

pos ed  b y  Ter z agh i  ( 1925)  wa s  f ur t her  e x t ended  b y  Bi ot  ( 1941)  

t o i nc l ude t hr ee di mens i onal  ef f ect s.  Th i s  gener al i zed t heor y  wa s  

us ed  b y  ma n y  i nvest i gat or s t o dev el op anal yt i cal  sol ut i ons  f or  a  

var i et y  of  p r o b l e ms  assoc i at ed wi t h  c ons ol i dat i ng me d i a  ( see e. g. ,  

Mc N a me e  a n d  Gi bs on,  1960a, b;  Gi b s o n  et  al .  1970;  Chi ar el l a 

a n d  Book er ,  1975;  Bo o k e r  a n d  Smal l ,  1986) .  Sa n d h u  a n d  Wi l s o n  

( 1969)  we r e  t he f i r st  t o app l y  f i ni t e e l emen t  me t h o d s  t o t he s t udy  

of  consol i dat i on pr ob l ems .  Si nc e t hese i ni t i al  st udi es,  a  n u mb e r  of  

au t hor s  ( Gh a b b o u s i  a n d  Wi l s on ,  1972,  1973;  Bo o k e r  a n d  Smal l ,  

1975;  Sa n d h u  et  al . ,  1975;  Sel v adur ai  a n d  Gopa l ,  1986;  Si mo n i  

a n d  Schr ef l er ,  1987)  h av e  appl i ed t he f i ni t e e l ement  t ec hni que t o 

t he sol ut i on of  a  var i et y  of  soi l  consol i dat i on p r o b l e ms  of  i nt er est

t o geot echni c al  engi neer i ng.  T h e  r ev i ew of  b o t h  t he anal yt i cal  

a n d  numer i c a l  app r oac hes  t o t he s t udy  of  soi l  consol i dat i on pr e ­

s ent ed her e i s nb t  me a n t  t o be  exhaus t i ve.  A  c omp r eh ens i v e  

ac c oun t  of  pas t  a n d  r ecent  d e v e l op men t s  ar e gi v en by  Lewi s  a n d  

Schr ef l er  ( 1987) .

Fol l owi ng t he s t andar d  var i at i onal  pr i nci pl es di sc uss ed i n d e ­

t ai l  i n t he pr ev i ous  ar t i cl es,  t he f i ni t e e l ement  equat i ons  of  c o n ­

sol i dat i on c a n  b e  der i v ed f r o m t he gov er ni ng equat i ons  i n t he 

f ol l owi ng f or m:

K  C  i  Ui +ai  1 _  i  F| +a i  1 . . 

C T - ( E  +  i A t H)  \  P ,+ a,  J 1

wh e r e  u  ar e t he noda l  di s pl ac ement s ;  p  i s t he por e  f l ui d pr es ­

sur es;  6 =  c onv ol ut i on i nt egr at i on f act or  (S >  0. 5 f or  s t abl e i n­

t egr at i on) ;  At  =  t i me  i nc r ement ;  K  =  st i f f ness ma t r i x  of  soi l ;  C  

=  i nt er act i on st i f f ness b e t we e n  soi l  skel et on a n d  po r e  f l ui d;  H  =  

per meabi l i t y  ma t r i x  gov er n i ng  t he di ss i pat i on of  po r e f l ui d;  E  =  

compr ess i bi l i t y  ma t r i x  of  f l ui d;  F  =  ex t er nal  t r act i on a n d  b o d y  

f or ce v ec t or  a n d  G  =  f or ce vec t or  d u e  t o ex t er nal l y  speci f i ed por e 

pr essur es  a n d  di ss i pat i on f or ces.

T h e  sol ut i on of  ( 1)  i s usual l y  ac hi ev ed b y  e mp l o y i n g  c o mp o s ­

i t e t y pe  f i ni t e el ement s .  Th e s e  e l ement s  ha v e  b o t h  di s pl ac ement  

a n d  po r e  pr essur es  as nodal  var i abl es.  I n a  t ypi cal  quadr i l at er al  

c o mpo s i t e  e l emen t  t he di s pl ac ement s  ar e def i ned at  al l  8 nodes  

a n d  t he por e  pr ess ur es  def i ned at  t he f our  c or ner  nodes .  Th i s  

speci al  f i ni t e e l emen t  t echni que,  f i r st  i n t r oduc ed b y  Sa n d h u  a n d  

Wi l s o n  ( 1969)  ens ur es  t he s a me  or der  of  l i near  st r ess var i at i on 

f or  b o t h  t he ef f ect i ve st r esses i n t he soi l  skel et on a n d  t he por e 

pr essur es  i n t he f l ui d.

T h e  c onc ept  of  u n b o u n d e d  soi l  r egi ons i s e mp l o y e d  qui t e ex ­

t ens i vel y  i n t he t r ea t ment  of  p r o b l e ms  i n geot echni cal  engi neer ­

i ng.  Anal y t i cal  appr oac hes  ar e b y  f ar  t he mo s t  c onv eni ent  me t h ­

od s  f or  deal i ng wi t h  p r o b l e ms  i nvol v i ng u n b o u n d e d  doma i ns .  Su c h  

anal y t i cal  t r ea t ment s  ar e h o we v e r  r est r i ct i ve,  i n t he s ens e t hat  

t hr ee- di mens i onal  c ondi t i ons  r equi r ed f or  f oundat i on  geomet r i es ,  

soi l  c ondi t i ons ,  et c.  assoc i at ed wi t h  pr act i cal  p r o b l e ms  c an no t  

b e  c onv eni ent l y  ha n d l e d  t h r o ugh  anal yt i cal  s c hemes .  Fi ni t e el e­

me n t  me t h o d s  ar e t her ef or e of  par t i cul ar  i nt er est  i n deal i ng wi t h
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c o m plic a te d  s oil- founda tion in te r a c t ion  pr oble ms  invo lv ing  s oil 

c ons o lida t io n . T he  c onve nt iona l fin ite  e le me nt te chnique s  how ­

eve r  have  lim ita t io n s  in  a cc ura te ly  m o de lling  dom a ins  o f in fin ite  

e x te nt . T he  fin ite  e le me nt bas e d nume r ic a l s o lut ion  proce dur e  

s h o u ld  be  s u it a b ly  m o difie d  to  take  in to  acc ount  the  s pe c ia l re ­

quir e me nts  o f zone s  o f in fin ite  e x te nt . T he  use  o f in fin ite  e le me nts  

offers  a  c o m p u ta t io n a lly  e ffic ie nt a nd  a ccura te  te chnique  for  m o d ­

e lling  unb o u n d e d  dom a ins  s uch as  in fin ite  a n d  ha lfs pace  re gions . 

Ex a mple s  o f the  a p p lic a t io n  o f in fin ite  e le me nts  to  the  s tud y  

o f s oil c ons o lida t io n  are  g ive n b y  Se lva dura i a nd  Go p a l (1986), 

Schre fle r  a nd  S im o n i (1987) a nd  S im o ni a nd  Schre fle r  (1987). In  

th is  pa pe r  a n in fin ite  e le me nt a ppr oa c h is  e mploye d in  the  s tudy  

o f the  e nd  b e a r ing  p ile  p r ob le m . T he  fin ite  e le me nt te chnique  

e mploys  e ight  node d compos ite  finite  e le me nts  a n d  five  node d 

c ompos ite  in fin ite  e le me nts  to  mode l the  unb o und e d  c ons o lida t ­

ing  m e d ium . By  us ing  me s h configur a t ions  o f diffe re nt  s izes  it  is 

obs e rve d t h a t  b o t h  c o m p u ta t io n a l e ffic ie ncy a nd  accuracy o f the  

s o lut ion  s che me  c a n be  impr ove d by the  inc o r por a t ion  o f in fin ite  

e le me nts . A re duce d in te g r a t io n  s che me  is u t ilize d  for  the  in fi­

n ite  e le me nts  a nd  the  c onve nt iona l Gaus s - Le ge ndre  qua d r a tu r e  

s che me  is e mploye d for  b o t h  infinite  a nd  fin ite  e le me nts .

S . T H E  E N D  B E A R I N G  P IL E  P R O B L E M

T he  finite  e le me nt  proce dure  o u t lin e d  pre vious ly  is a pp lie d  to  the  

s tud y  o f the  e nd  be a r ing  pile  p r ob le m . P r io r  to  the  num e r ic a l s o ­

lu t io n  o f the  t it le  pr ob le m, the  accuracy o f the  num e r ic a l s che me  

w hich  u tilize s  compos ite  in fin ite  e le me nts  is  e s tablis he d by c o m ­

pa r is o n w ith  e x is t ing  a na ly t ic a l r e s ults  a va ila ble  in  the  lite r a tur e  

o n  c o ns o lida t ing  s e mi- infinite  m e dia . A de ta ile d  acc ount  o f the s e  

c ompa r is ons  are  g ive n by Se lva dur a i a nd  Ka r p u r a p u  (1989). T he  

c ons o lida t ing  be ha v io ur  o f a n  e nd- be ar ing p ile  is influe nce d by 

a  num be r  o f fac tor s  in c lud ing  the  pore  pre s s ure  a nd  dis place ­

m e nt  b o u n d a r y  c o nd it io ns  a t  the  soil- pile  inte r face , the  d e p t h  o f 

lo c a t io n  o f t he  e nd be a r ing  zone  a nd  the  r e la t ive  s tiffne s s  o f the  

s oil- pile  s ys te m a t  the  loa d  t r a n s m it t in g  re gion. In  th is  s t ud y  it  is 

e x p lic it ly  a s s ume d t h a t  the  e nd be a r ing  c ons o lida t ion  be ha v iour  

o f the  p ile  c an be  mode lle d  by  r e s t r ic t ing  a t t e n t io n  p r im a r ily  to  

the  s it ua t io n  whe re  the  e nd be a r ing  loads  are  a pp lie d  to  the  soil 

m e d iu m  v ia  a  r ig id  c ir c ula r  bas e . Wh e n  th is  s im p lific a t io n  is 

invoke d the  c ons o lida t io n  re s pons e  o f the  e nd- be ar ing zone  can

H  

2 a

r ig id  c ir c ula r  p la te
~ \

2a

bore hole

H

Fi gur e 1:  Bas e l oadi ng of  an unl i ned semi - i nf i ni t e bor ehol e

b e  e x a mi n e d  b y  i mp o s i n g  t he por e  pr es sur e b o u n d a r y  c ondi t i ons  

at  t he soi l - pi l e i nt er f ace.  Fi nal l y,  t hese b o u n d a r y  c ondi t i ons  c a n ­

no t  b e  speci f i ed wi t h  cer t ai nt y.  T h e  ex ac t  nat u r e  of  t he b o u n d a r y  

c ondi t i ons  wi l l  d e p e n d  si gni f i cant l y u p o n  t he me t h o d  of  c ons t r uc ­

t i on of  t he pi l e.  For  t hi s r eas on i t  i s p r uden t  t o c ons i der  e x t r e me  

cases  of  t he e n d  bear i ng r es pons e wh i c h  ar e char ac t er i zed b y  t he 

f ol l owi ng pr ob l ems .  I n t he f i r st  c ase we  ì umi i i t m» t hat  t he e n d  bear ­

i ng r egi on of  t he pi l e i s l ocat ed at  t he bas e of  a  bor e  hol e ( Fi gur e 

1) .  Per t ai ni ng t o t hi s mode l ,  t wo  speci f i c p r o b l e ms  ar e e x a mi ne d ;  

o n e  r ef er r i ng t o a  f ul l y dr a i ned soi l - base i nt er f ace ( Cas e A l)  a n d  

t he s e c on d  r ef er r i ng t o a n  i mp e r me a b l e  soi l - base i nt er f ace ( Cas e 

B l) .  T h e  b o u n d a r y  c ondi t i ons  appr opr i at e f or  t he Ca s e  A l  ar e 

as f ol l ows.

p =  0  ; z =  0  ; 0 < r < a  ; t  >  0  

p =  0  ; r  =  a  ; —oo < z < 0  ; t > 0 

0^ — 0  ; r  =  a  ; —oo <  z < 0  ; t > 0  (2 )

aTt =  0  ; r  =  a  ; - o o  <  z < 0  ; t >  0

u ,  =  const ; z = 0 ; 0  <  r  <  a  ; t > 0 

or. =  0 ; z =  0  ; 0 < r < a  ; t  >  0

P = 2ir f to.,dr ; z =  0 ; t > 0 
Jo

T h e  b o u n d a r y  c ondi t i ons  appr opr i at e f or  t he c as e B l  ar e as  f ol ­

l ows:

d p
- £ = 0  ; z  =  0 ; 0 <  r  <  o ; t  >  0 
oz

p =  0  ; r  =  a  ; —oo <  z  <  0  ; t  >  0  

Or, =  0  ; r  =  a  ; —oo <  z  <  0  ; t >  0 

or.  =  0  ; r  =  a  ; —oo <  z  <  0  ; t > 0  (3 )

u ,  =  const ; z  =  0  ; 0  <  r  <  a  ; t  >  0  

Of, = 0  ; z =  0  ; 0 < r < a  ; t  >  0

P =  2jt  f to,,dr ; z  =  0 ; t > 0 
Jo

I n t he s ec o nd  c as e we  a s s u me  t hat  t he e n d  bear i ng  r egi on i s l o­

c a t ed wi t hi n  a  consol i dat i ng me d i u m of  i nf i ni t e ex t ent  ( Fi gur e 2) .  

T h e  e n d  bear i ng r egi on mai nt a i ns  c ont ac t  on l y  over  o n e  f ace of  

t he ci r cul ar  pl at e r egi on.  T h e  pl at e r ema i ns  u n a d h e r e d  o n  o n e  

f ace.

H
- - - ► oo
2 a

2a

d e bonde d  inte r face

r ig id  c ir c ula r  p la te  -

Fi gur e 2:  I nt er i or  l oadi ng of  an i nf i ni t e me d i u m

2 1 1 2
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Ag a in , p e r t a in in g  to  th is  m o de l, two spe cific  pr ob le ms  c an 

be  e x a mine d ; one  w hic h  de als  w it h  a  fu lly  d r a ine d  soil- base  inte r ­

face  (case  A2) a nd  a no the r  de a ling  w it h  a n  im pe r me a ble  soil- base  

inte r face  (B2 ). T he  u n b o n d e d  s ur face  o f the  s oil m e d iu m  is  con ­

s ide re d to  be  fu lly  dr a ine d .

T he  b o u n d a r y  c o nd it io ns  a ppr opr ia te  for  the  case  A2  are  as  fol­

lows :

p  =  0 ; 2 =  0"  ; 0 < r < a  ; t  >  0

p = 0 ; z =  0+ ; 0 < r < a  ; t > 0

u ,  =  const ; z = 0 + ; 0  <  r  <  a  ; t > 0

<7„  =  0 ; z = 0" ; 0 <  r  <  a  ; t > 0

ar, =  0  ; z =  0 + ; 0 <  r  <  a  ; t >  0 (4)

c„ =  0 ; 2 =  0" ; 0 <  r  <  a  ; t > 0

P =  2jt  /  ro,Mdr ; z = 0+ ; t >  0 
Jo

w he re  t he  s upe r s c r ipts  ( )” a nd  ( )+ re fer to  faces  o f t he  r ig id  

p la t e  w h ic h  re la te  to  t he  una dhe r ing  a nd  the  a dhe r ing  soil- plate  

inte r face s  re s pe ctive ly. T he  bo und a r y  c o nd it io ns  a pplic a b le  for  

the  case  B2  are  as  follows .

p = 0 ; 2 =  0 ; 0 <  r  <  0 ; t > 0

S - '

+OII 0  <  r  <  a ; 0 0

u, = const ; 2 =  o+ ; 0 <  r  <  a ; t > 0

? m II O 2 =  0 -  ; 0 < r < a ; t > 0

Or. = 0 ; N II O
+ 0  <  r  <  a ; t > 0

0..= 0  ; 2 =  0-  ; 

fa

0 <  r  <  a ; t> 0

c*II /  ro..dr
Jo

; * =  0+ ; t > 0

T he  fin ite  e le me nt  d is c r e t iza t ion  us e d to  mode l the  a x is ymme tr ic  

p r o b le m  illus t r a te d  in  F igur e  2 is s hown in  F igur e  3. Bo th  c om ­

pos ite  fin it e  e le me nts  a nd  c ompos ite  in fin ite  e le me nts  are  us e d to  

m o de l the  p r oble ms . T he  accuracy o f the  finite  e le me nt  te chnique  

was  ve r ifie d by  c ompa r is on w ith  the  a na ly t ic a l s o lut ion  de ve lope d 

by Ch ia r e lla  a nd  Booke r  (1975) for  the  in d e n ta t io n  o f a  ha lfs pace  

re gion by a  r ig id  c ir c ula r  fo un d a t io n . T h is  a na ly t ic a l s o lu t io n  was  

chos e n p a r t ic u la r ly  in  vie w o f the  fac t  t h a t  a  r ig id  p la te  m o de l is 

us e d to  de p ic t  the  effects  o f the  e nd be a r ing  loa d. In  the  num e r i­

c a l s che me  the  r ig id  be ha v iour  o f the  fo un d a t io n  is s im ula te d  by 

c o ns t r a in ing  the  ve r t ic a l dis place me nts  unde r  the  loade d a re a  to  

be  e qua l. T he  m u lt ip o in t  c ons t r a in t  m e tho d  propos e d by Abe l 

a nd  She phe r d  (1979) was  us e d for  im p le m e n t ing  the  c ons t r a in t  

c o nd it io ns . T he  me s he s  have  be e n fine ly dis c r e t ize d ne a r  the  

fo un d a t io n  edge  to  a cc ount  for  the  h ig h  s tress  g r adie nts  t h a t  are  

a s s oc ia te d w it h  the  s ingula r  s tress  fie ld a t  the  b o und a r y  o f the  

r ig id  p la te .

4 . N U M E R IC A L  R E S U L T S  A N D  C O N C L U S IO N S

T he  re s ults  o f the  num e r ic a l inve s t iga t ions  c a n be  pre s e nte d in  d i ­

verse  ways . In  th is  pa pe r , howe ve r , we  focus  on  the  e va lua t io n  of 

the  degree  o f c o ns o lida t io n  s e t t le me nt  o f the  e nd- be ar ing zone  as

j : ---------------- >.---------- * --------------- ---------------"

F ig ur e  3: F in ite  e le me nt  d is c r e t iza t ion o f the  inte r io r  loa d ing  

p r o b le m

de te r m ine d  fr o m  the  num e r ic a l m o de lling  o f the  two bas ic  pr ob ­

le ms  a nd  the  as s oc ia te d dr a ina g e  bo und a r y  c ond it io ns  de fine d 

pr e vious ly. T he  degree  o f c o ns o lida t io n  U, a t  t im e  t, is de fine d as

v _  w, -  w0 

Woo -  WO

whe re  wo a nd  wn  are  the  ins ta nta ne ous  a n d  u lt im a te  s e t tle me nts  

o f t he  r ig id  e nd- be ar ing zone  o f the  pile . T he  t im e  fac tor  T is 

de fine d as

whe re  c (=  2Gk/'jm) is the  coe fficie nt o f c ons o lida t io n , k is the  

pe r m e a bility , G is  the  s he a r  m o d u lus , -7«, is the  u n it  we ight o f 

w a te r  a nd  a is  the  r a d ius  o f the  e nd be a r ing  zone .

T he  Figure s  4 a nd  5 illus t r a te  the  m a nne r  in  which the  time-  

c o ns o lida t io n  re s pons e  o f the  e nd be a r ing  zone  is  influe nce d by 

the  dr a ina g e  c o nd it io ns  a t  the  c o nta c t  zone  be twe e n the  r ig id  e nd 

be a r ing  re gion a n d  the  c o ns o lida t ing  s oil. In  the  case  whe re  the  

e nd b e a r ing  zone  is loc a te d  a t  the  bas e  o f a n u n line d  bore hole , 

the  c o ns o lida t io n  re s pons e  is influe nce d, quite  s ignificantly , by 

the  na tu r e  o f the  dr a inage  c ondit io ns  a t  the  soil- base  inte r face . 

In  the  cas e  o f the  e nd be a r ing  re gion w hic h  is fully  e mbe dde d in 

p a r t ia l c o n ta c t  w it h  a  c o ns o lida t io n  m e d iu m  o f in fin ite  e x te nt , the  

t r e nds  in  the  c o ns o lida t io n  be ha v iour  are  ve ry s im ila r  to  thos e  ob ­

s e rve d pre vious ly  in  c onne c t ion w ith  the  de e p bore hole  re sponse . 

Ow in g  to  lim ita t io n s  o f s pace  the  r e s ults  pre s e nte d are  a p p lic a ­

b le  for  the  cas e  whe re  u =  0. S im ila r  r e s ults  c an be  de r ive d 

for  o the r  va lue s  o f the  s oil s ke le ton Pois s on’s r a t io . T he  in it ia l 

a nd  fina l s e t t le me nts  o f the  e nd be a r ing  zone  as s ocia te d w ith  the  

two mode ls  c a n be  o b ta ine d  fr o m  a na ly t ic a l a nd  nume r ic a l re ­

s u lt s  g ive n by Se lva dur a i a nd  Nichola s  (1979). T he  pa pe r  shows 

t h a t  fin ite  e le me nt  te chnique s  c a n be  us e d quite  s ucce s s fully to 

inve s t iga te  the  c ons o lida t io n  re s pons e  o f fo unda t io ns  w hic h  are  

e mbe dde d w it h in  s oil m e d ia . T he  use  o f in fin ite  e le me nts  are  a n 

a dde d  c o m p u t a t io n a l a dva nta ge  in  t r e a t ing  c ons o lida t ing  m e d ia  

w it h  u n b o u n d e d  do m a ins  or  w it h  d ime ns ions  gr e a tly  in  excess o f 

the  e mbe dde d  loa de d zone .
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