
CHAPTER I .

INTRODUCTION

In tro d u c tio n .

In  most o f p ile  foundations, the  number o f p ile s  are 

determ ined by th e  sim ple procedure o f d iv id in g  the  to ta l load by the  

a llow ab le  load per p ile .  Though many p ile  foundations designed in  th is  

manner were s a tis fa c to ry , bu t now and then excessive and unexpected 

se ttlem ents occured. These in c id e n ts  in d ica te d  th a t th e  se ttle m e n t 

o f an e n tire  p ile  founda tion  was no t n e ce ssa rily  re la te d  to  the  

se ttle m e n t o f a s in g le  p ile ,  even a t th e  same load per p ile .  They 

le d  to  an obvious conclusion  th a t the  knowledge o f the  se ttlem ent 

p re d ic tio n  o f a p ile  group co n s titu e s  an im portan t p a rt o f th e  

in fo rm a tio n  necessary fo r  th e  design o f a s a tis fa c to ry  p ile  fo u n d a tio n .

W ith th e  advance o f computers, more s o p h is tic a te d  methods o f 

a n a lys is  have been developed to  p re d ic t the  se ttle m e n t o f p ile  

fo u n d a tio n . The most popu lar one is  the  f in i t e  element method. 

T h is  method has been w id e ly  used to  analyse s in g le  p ile  behavior w ith  

th e  id e a liz a tio n  o f th e  p ile  and s o il as two dim ensional p lane s tra in  

model (1) o r a x ia lly  symmetric model (2) .  However, both  id e a liz a tio n  

cannot p re d ic t th e  p ile -g ro u p  se ttlem en t p re c is e ly  because most o f 

p ile  groups are no t a x ia lly  sym m etric, p a r tic u la r  fo r  those w ith  

ir re g u la r  shape. Thus, the  th ree-d im ensiona l id e a liz a tio n  is
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necessary fo r  such a n a lys is .

O b jectives and Scope o f Research.

The o b je c tive s  o f th is  study are as fo llo w s :

1. to  m odify the  lin e a r th re e  dim ensional isop a ra m e tric

f in i t e  element program, THREED, developed by D r. Karoon chandrangsu o f 

chula longkorn U n iv e rs ity , to  inc lu d e  the  e ffe c t o f geom etric

n o n lin e a r ity .

2. to  present a method o f se ttlem ent p re d ic tio n  o f p ile  

founda tion  by the  computer program in  1.

3. to  in v e s tig a te  and compare the  re s u lts  o f the  proposed 

method w ith  an e x is tin g  method presented by Poulos and Davis (3 ,4 ) .

The scope o f th is  research is  to  fo rm u la te  a method o f 

p re d ic tin g  the  se ttlem en t o f a x ia lly  loaded p ile  groups. Focus is  pu t 

on a case o f the  p ile  groups s itu a te d  in  a s o ft s o il s tra tum  w ith  th e  

p ile  t ip s  embedded in  an u n de rly in g  s t i f f e r  s o il stratum  and d if fe re n t 

s o il laye rs  u n d e rlin g  the  p ile  t ip s  are a lso  included in  th e  a n a ly s is . 

A p p lica tio n s  o f th is  method to  the  se ttle m e n t problems o f p ile  groups 

in  Bangkok area are presented and o n ly  the  d rive n  p ile  groups in  which 

th e  p ile  t ip s  do no t pass through th e  f i r s t  sand la ye r are considered.

Assumptions.

The p r in c ip le  assumptions a p p lie d  in  th is  research are  ะ 

1. The s o il and th e  p ile  are assumed to  be is o tro p ic  

e la s t ic  m a te ria ls  w ith  Young’ s m oduli and Poisson’ s ra tio s  Ea,
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V 3 and E , re s p e c tiv e ly .

2. The p ile  s o il in te rfa c e  remains e la s tic  and no s lip

occurs.

3. The p ile  cap is  p e r fe c tly  f le x ib le  and a l l  p ile s  are 

e q u a lly  loaded.

L ite ra tu re  Review.

Terzaghi and Peck (5) presented the  method fo r  p re d ic tin g  th e  

se ttle m e n t o f sha llow  foundations on c la y . The method was based on 

Terzagh i’ ร theo ry o f c o n so lid a tio n  assuming th a t the  to ta l se ttle m e n t 

re s u lts  from a one dim ensional s tra in  o f th e  c la y  la y e r and the  

in i t i a l  excess pore pressure is  equal to  the  v e r t ic a l s tre ss  

increm ent. For p ile  founda tions, they found th a t above th e  le v e l o f 

th e  lower th ird -p o in t o f the  p ile  le n g th , the  w ater con ten t o f th e  

c la y  remains unchanged, and below th is  le v e l co n so lid a tio n  preceeds as 

i f  the  b u ild in g  was supported on an eq u iva le n t mat loaded a t th a t 

le v e l. To compute th e  d is tr ib u tio n  o f th e  load from the  mat they used 

th e  approxim ate method by assuming th a t the  load spreads from  the  

mat a t an angle o f one in  two from  th e  v e r t ic a l.

Tomlinson (6) suggested th a t th e  to ta l se ttlem en t o f th e  

sha llow  foundation  equals th e  sum o f the  immediate and c o n so lid a tio n  

se ttle m e n t. The immediate se ttle m e n t can be ca lcu la te d  by using  

e la s tic  theo ry  w h ile  th e  c o n so lid a tio n  se ttlem ent can be p re d ic te d  

based on Terzagh i’ ร th e o ry  o f c o n so lid a tio n  w ith  some m o d ific a tio n . 

For p ile  founda tions, Tomlinson presented the  assumption th a t th e  

p ile  group behaves as a b lo ck  founda tion  w ith  a degree o f f le x ib i l i t y
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and i t  can be rep laced by th e  e q u iva le n t mat which is  b ig g e r than th e  

o r ig in a l s ize  o f p ile  group by assuming th a t the  load spreads from  th e  

o r ig in a l p ile  group a t an angle o f one in  fo u r from  the  v e r t ic a l.  The 

le v e l o f th e  e q u iva le n t mat depends on the  s o il co n d itio n  which can be 

c la s s ifie d  in to  th re e  cases. F ir s t ,  p ile s  in  c la y , the  base o f th e  

e q u iva le n t mat is  assumed to  be a t a depth o f tw o -th ird s  o f the  leng th  

o f the  p ile s . Second, p ile s  s itu a te d  in  c la y  w ith  p ile  t ip  embedded 

in to  an u n de rly in g  sand stra tum , the  base is  assumed to  be a t a depth 

o f tw o -th ird s  o f th e  leng th  o f the  p ile s  embedded in to  sand la y e r. 

T h ird , p ile s  w ith  p ile  t ip  on the  rock, th e  base is  assumed to  be a t 

th e  le v e l o f rock and th e  area o f the  e q u iva le n t mat is  th e  same as 

the  o r ig in a l one.

Meyerhof (7) suggested th a t g e n e ra lly , the  se ttle m e n t o f 

p ile  foundation  under th e  safe  design load can be rough ly estim ated as 

an e q u iva le n t p ie r . He a lso  presented an e m p irica l expressions to  

estim ate  the  to ta l se ttle m e n t o f p ile  foundations in  cohesionless s o il 

us ing  the  re s u lts  o f s ta t ic  and standard p e n e tra tio n  te s ts .

Poulos and Davis (3,4) presented the  method fo r  p re d ic tin g  th e  

se ttlem en t o f p ile  foundations based on the  th e o ry  o f e la s t ic ity ,  

which employed M in d lin ’ s equations fo r  subsurface load ing  w ith in  a 

s e m i- in fin ite  mass. They analysed th e  se ttlem en t o f a s in g le  p ile  and 

s tu d ie d  th e  in te ra c tio n  o f two p ile s . The se ttle m e n t o f p ile  groups 

can be analysed by a re la t iv e ly  sim ple extension o f the  s in g le  p ile  

a n a lys is  by using th e  p r in c ip le  o f su p e rp o s itio n . They a lso  c a rr ie d  

out param etric analyses fo r  the  e ffe c ts  o f p ile  and s o il 

c h a ra c te ris tic s  and prepared se rie s  o f s o lu tio n s  which can be a p p lie d
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t o  many p r a c t ic a l  prob lem s.

D e s a i, Johnson and H argett (8 ) p r e se n te d  f i n i t e  e lem en t  
a n a ly s e s  o f  p i l e d  fo u n d a tio n  system  in  which th e  fo u n d a tio n , th e  
p i l e s ,  and th e  s o i l  were r e p r e se n te d  by f i n i t e  e le m e n ts , w ith o u t  
p erform in g  a  f u l l  th r e e -d im e n s io n a l a n a ly s i s .  The system  was 
s im u la te d  by an e q u iv a le n t  p la n e  s t r a i n  i d e a l i z a t io n  in  w hich a  row o f  
p i l e s  in  th e  group was r e p r e se n te d  by a  s t r i p  o f  u n it  w id th  and le n g th  
w ith  e q u iv a le n t  a x ia l  s t i f f n e s s  p r o p e r t ie s .  Even w ith  th e  fo r e g o in g  
id e a l i z a t io n  t o  a  tw o -d im en sio n a l sy ste m , th e  p r e d ic te d  b e h a v io r  in  
term s o f  p r o g r e s s iv e  s e t t le m e n ts  and d i s t r ib u t io n s  o f  lo a d s  in  th e  
p i l e  showed s a t i s f a c t o r y  c o r r e la t io n  w ith  co rresp o n d in g  o b s e r v a t io n s .

P r e s s le y  and P o u lo s (9 ) s tu d ie d  th e  n o n lin e a r  lo a d  
s e t t le m e n t  b eh a v io r  o f  s q u a r e -c o n f ig u r a t io n  p i l e  g ro u p s. The groups  
w ere r e p r e se n te d  by an e q u iv a le n t  a x i a l l y  sym m etric model and a  
n o n lin e a r  f i n i t e  e lem en t was u sed  t o  exam ine th e  m echanisms o f  group  
b e h a v io r  and t h e i r  v a r ia t io n  w ith  p i l e  s p a c in g . I t  was shown t h a t ,  a t  
c l o s e  s p a c in g s , th e  b lo c k  f a i l u r e  machanism o ccu rred . As t h e  p i l e  
sp a c in g  in c r e a se d , th e  f a i l u r e  mechanism g r a d u a lly  changed t o  th e  
s i n g l e  p i l e  mode. The v a lu e s  o f  group s e t t le m e n t  r a t io  and group  
e f f i c i e n c y  were in  re a so n a b le  agreeem ent w ith  th e  v a lu e s  d e r iv e d  
from th e  method o f  P o u lo s  and D a v is ( 3 ,4 ) .
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