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BEHAVIOUR OF PILES IN ALLUVIUM

COMPORTMENT DE PIEUX DANS L ’ ALLUVION 

PA60TA CBAM B AJIJIWBMAJIbHOM rPYHTE

F .K .  C H IN , P ro fe s s o r  o f  E n g in e e r in g ,U n iv e rs i ty  o f  M o lo y o

A .J .  V A IL ,  A s s o c ia te  &  C h ie f  E n g in e e r, D in n ie  &  P a r tn e rs  (M a la y s ia )

SYNOPSI S.  Thi s  paper  pr es ent s  t he ma i n  f eat ur es  obs er v ed  i n  t he t es t  l oadi ng t o f a i l ur e of  
s ome 60 pr ec as t  c onc r et e p i l es  wh i c h  wer e d r i v en i n t o s of t  a l l uv i um. The l oad/ s et t l ement  beha ­
v i ou r  wi t h  r es pec t  t o  s k i n  f r i c t i on  i n pu l l i ng and  i n  pus h i ng  and i n  t ot a l  bear i ng c apac i t y  
and  t he i nv er s e  s l ope as  a means  f o r  t he pr edi c t i on of  t he i r  u l t i mat e  v a l ues  ar e pr es ent ed 
and  d i s c us s ed. I f  t he pi l e t oe i s  not  f ounded  on mat er i a l  l es s  c ompr es s i b l e  t han t hat  enc as i ng 
t he pi l e s h a f t f i t  i s  pos s i b l e  t o as s es s  t he u l t i mat e s k i n f r i c t i on  i n c ompr es s i on f r o m t he 
l oad/ s et t l ement  r es u l t s  ob t a i ned i n a nor ma l  CRP t es t . I t  i s  f ound  t hat  f o r  t he a l l uv i um t her e 
i s  a hy per bol i c  dependenc e of  pi l e s e t t l ement  on t i me and t hat  t her e i s  no c or r e l a t i on  bet -  
weai  f i na l  set  t her e i s  a hy per bol i c  dependenc e of  pi l e s et t l ement  on t i me and t hat  t her e i s  
no  c or r e l a t i on  bet ween f i na l  s et  and  bear i ng c apac i t y .

Wher e  adj ac ent  p i l es  wer e no t  av a i l ab l e  t o 
pr ov i de t he a nc ho r age , k ent l edge was  us ed; no 
pul l i ng t es t s  wer e pos s i bl e unde r  t h i s  ar r an ­
gement .

I NTRODUCTI ON

The Muda  Ri v er  s c heme i nc l udes  t he c ons t r uc ­
t i on of  a bar r age ac r os s  t he  Muda  Ri v er , wat er  
t r eat ment  wor k s  and t he l ay i ng of  a  t wi n 36-  
i nc h d i amet er  p i l e  l i ne of  about  12, 000 f eet  
l ong under  t he s ea f r om t he ma i n l and  nea r  But -  
t e r wor t h  t o t he i s l and of  Penang.

T he s i t e s  f o r  t h e  m ain  e n g i n e e r i n g  s t r u c t u r e s  a r e  

c o v e r ed  w i t h  a l l u v i u m  fo r m ed  f r o m  r e c e n t  d e p o s i t s  

o f  m ar i n e an d  f l u v i a l  m a t e r i a l .  T h e s o f t  o r g a n i c  

a l l u v i u m  ex t en d s t o  a d ep t h  o f  m or e t h an  a  h u n d r ed  

an d  f i f t y  f e e t  a t  t h e  s i t e s .  P r o p e r t i e s  o f  su ch  

o r g a n i c  c l a y s  h av e b een  g i v e n  b y  A . J.  V a i l  ( 19 6 5 ) ,

F .K . Ch in  ( I 9 6 0 ) ,  J. B .  Cox ( 19 7 0 )  an d  W .H . T i n g  e t  

a l  ( 19 7 1) .  T he p r o b l em s p r e se n t e d  b y  t h e  l o w  b e a r ­

i n g  c a p a c i t y  an d  t h e  h i g h  c o m p r e ss i b i l i t y  o f  t h e 

s o f t  a l l u v i u m  a r e  com p ou nded b y t h e  w i d e v a r i a t i o n  

i n  t h e  s o i l  s t r a t a  t h a t  a r i s e s  f r o m  t h e  v e r y  

l o c a l i s e d  p r e se n c e  o f  t h i n  l e n se s  o f  s i l t  an d  

o r g a n i c  m a t t e r .  A co m p r eh en si v e s e r i e s  o f  l o a d  

t e s t s  w as c a r r i e d  o u t  w h i ch  en ab l ed  t h e  g e n e r a l  b e ­

h a v i o u r  o f  t h e  p i l e s  t o  b e s t u d i e d .  A b o u t  2 ,50 0  

p r e c a s t  c o n c r e t e  p i l e s ,  12 - i n c h  an d  14 - i n c h  sq u ar e  

an d  f r o m  50 t o  90 f e e t  l o n g  w er e d r i v e n .  O f  t h e se  

60  w er e l o a d  t e s t e d  t o  f a i l u r e .

TEST LOADING ARRANGEMENT

I n  t h e  l o a d  t e s t s ,  a h y d r a u l i c  j a c k  w as em p lo yed  

f o r  l o a d i n g ;  t h e  r e a c t i o n  w as p r o v i d ed  i n  t h e  co n ­

v e n t i o n a l  w ay b y a s t e e l  c r o ss- b eam  b o l t e d  t o  an c h o r  

p i l e s .  The h y d r a u l i c  j a c k  w as p l a c e d  b et w een  t h e 

p i l e  cap  an d  t h e  c r o ss- b eam  f o r  t h e  co m p r essi o n  

t e s t s .  F o r  t h e  p u l l i n g  t e s t s  t h e  j a c k  w as t r a n s ­

f e r r e d  on  t o  t h e  t o p  o f  t h e  c r o ss- b eam  an d  r e a c t e d  

a g a i n s t  a sh o r t  beam  w h ich  w as b o l t e d  on  t o  t h e  

s t e e l  r e i n f o r c e m e n t  o f  t h e  p i l e  u n d er  t e s t .

SKI N FRI CTI ON I N PULLI NG AND I N PUSH I NG

As  s ome of  t he p i l es  wou l d  al s o be s ubj ec t ed 
t o t ens i l e l oads , a s i mpl e pr oc edur e was  ev ol ­

v e d  by  wh i c h  t he s k i n f r i c t i on  i n  pu l l i ng  Qst  
t he s k i n f r i c t i on  i n pus h i ng  QsC as  wel l  as  
t he t ot a l  bear i ng c apac i t y  Q c ou l d  be de t e r ­
mi ned. One 60- f eet  l ong p i l e t K2 0 0 f was  f i r s t  
s ub j ec t ed t o a CRP c ompr es s i on l oad t es t  un ­
t i l  f a i l u r e . Af t e r  a p r es c r i bed  per i od of  t i me 
had  el aps ed, t he p i l e  was  s ub j ec t ed t o  a pul ­
l i ng t es t  wi t h  t he t ens i l e l oad app l i ed  at  
t he s ame r at e as  i n a s t andar d CRP
c o m p r essi o n  t e s t  u n t i l  t h e  u l t i m a t e  sk i n  f r i c t i o n  

i n  p u l l i n g  Qu s t  w as r e a c h e d . T h i s w as f o l l o w e d  b y  

a CRP co m p r essi o n  t e s t .  A s t h e r e  w as a gap  a t  t h e 

t o e  o f  t h e  p i l e  c r e a t e d  b y  t h e  u p w ar d  d i sp l ac em en t  

o f  t h e p i l e  i n  t h e  p u l l i n g  t e s t  t h a t  p r e c e d e d , t h e 

r e s u l t s  o f  t h e  e a r l i e r  p a r t  o f  t h i s  co m p r essi o n  

t e s t  en ab l ed  an  assessm en t  t o  b e m ade o f  t h e  sk i n  

f r i c t i o n  i n  c o m p r essi o n . T he dow n w ar d d i sp l ac em en t  

o f  t h e p i l e  w as c o n t i n u ed  u n t i l  f a i l u r e  so  as t o  

o b t a i n  t h e  u l t i m a t e  t o t a l  b e a r i n g  c a p a c i t y  Q^ .

F i g u r e  1 g i v e s  t h e  l o a d / d i sp l a c e m e n t  r e s u l t s  o f  on e 

su ch  t e s t .  To a s se s s  t h e  t h i x o t r o p i c  r e c o v e r y ,  

t h i s  s e r i e s  o f  t e s t s  w as r e p e a t e d  on  t h e  sam e p i l e  

a f t e r  a l a p se  o f  6 4 , 6 7 ,  7 4 ,  88 an d  116  d ay s a f t e r  

d r i v i n g ,  t h e  r e s u l t s  o f  w h i ch  a r e  g i v e n  i n  T ab l e  I .

T he v a l u e  o f  t h e sk i n  f r i c t i o n  i n  p u l l i n g  Q 

i n c r e a se d  p r o g r e s s i v e l y  as t h e p i l e  w as b e i n g  

e x t r a c t e d  an d  r eac h ed  i t s  maximum v a l u e  Qu st  a t  

w h i ch  t h e  d i sp l ac em en t  c o n t i n u ed  t o  i n c r e a se  w i t h ­

o u t  f u r t h e r  i n c r e a se  i n  l o a d .  I t  w as t h u s p o s s i b l e  

t o  o b t a i n  t h e  o b se r v ed  u l t i m a t e  l o a d ,  Qu s .̂ f r om
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TABLE I

T e st  S e r i e s  N o. 11 12 13 14 15 16

D at e o f  T est 2 4 . 6 . 7 1 17 . 7 . 7 1 2 0 . 7 . 7 1 2 7 . 7 . 7 1 10 . 8 . 7 1 7 . 9 . 7 1

Q _ -  t o n s 
u s t

- 49 42 40 39 43

r - 0 .9 9 9 56 0 .9 9 9 56 0 .9 9 9 78 0 .9 9 9 8 6 0 .9 9 9 0 3

SKIN  FRICTIO N C - 0 .6 5 116 0 .4 34 0 5 0 .2 8 3 14 0 .19 0 6 0 0 .2 7 15 7

IN PULLIN G O ' = 1/ m  t o n s 
u st

- 5 3 .7 4 4 . 1 4 0 .7 39 .8 4 4 .6

Q1 / Q 
u s t  u st

- 1.0 9 1. 0 5 1. 0 2 1. 0 2 1.0 4

SKI N  FRICTIO N r
.

0 .9 9 4 7 1 0 .9 9 7 15 0 .9 9 8 58 0 .9 9 26 2 0 .9 9 550

IN  PUSH ING C - 1.9 2 7 6 7 1.9 9 2 36 1.6 19 8 8 1. 3 15 5 9 1.5 16 8 5

Q ' = 1/ m  t o n s 
u se

- 7 8 .2 6 0 .8 4 5 .4 5 1. 8 59 .6

Q -  t o n s 82 80 78 82 83 80

TOTAL BEARIN G r 0 9 9 708 0 ,9 9 6 0 5 0 .9 9 6 30 0 .9 9 8 78 0 .9 9 8 32 0 .9 9 8 0 6

CAPACITY C 0 9 976 8 1.6 0 3 5 0 3.0 0 6 52 3.6 50 8 7 2 .3 3 16 3 2 .5 5 2 9 7

= 1/ m  t o n s 9 3 .5 9 3.7 10 4 .6 10 0 .3 9 6 .5 10 4 . 7

Q' / 0  
u  u

1. 15 1. 17 1. 3 4 1. 2 2 1 . 16 1. 3 1

A- DI SPLACEMENT AT PI LE HEAD

F i g .  1 R e su l t s  o f  T e st  S e r i e s  N o. 14  -  P i l e  K200

t h e p u l l i n g  t e s t s .

I n  t h e  c a se  o f  t h e  p u sh i n g  t e s t s ,  h o w ev er , i t  w as 

n o t  p o s s i b l e  t o  o b t a i n  t h e  o b se r v ed  u l t i m a t e  v a l u e  

o f  t h e  sk i n  f r i c t i o n  i n  p u sh i n g  Q i n  t h e  sam e 

w ay. T h ough  t h e v a l u e  o f  Qsc  i n c r e a se d  p r o g r e ss-

becai ne a f f ec t ed  by  t he c ompr es s i on of  t be s oi l  
at  t he t oe of  t he p i l e . At  f i r s t  i t  was  t hought  
t hat  t h i s  pr emat ur e  i n t er f e r enc e  at  t he t oe 
c ou l d  be e l i mi nat ed by  i nc r eas i ng  t he gap  l ef t  
by  t he pu l l i ng  t es t  t hat  pr ec eded. Howev er , s o i l  
c ompr es s i on at  t he t oe c on t i nued  t o  man i f es t  
i t s e l f  des p i t e  t he pr ov i s i on of  a mu c h  b i gge r  
gap by  p r e j ac k i ng t he pi l e h i gher  bef or e  t he 
c ommenc ement  of  t h i s  c ompr es s i on t es t . I t  was  
c l ear  t hat  t he unav oi dabl e i mper f ec t i ons  of  
t he pi l e and t he non- ax t a l  app l i c a t i on  of  t he 
l oadi ng wou l d  i nev i t ab l y  c aus e  t he pi l e t o  mo ­
v e downwar ds  i n a d i r ec t i on  t ha t  wou l d  not  be 
c onc ent r i c  wi t h  t hat  when i t  was  ex t r ac t ed  i n  
t he pul l i ng t es t  t hat  pr ec eded. l t  was , t her e ­
f or e,  i nev i t ab l e  t hat  t he p i l e  t oe wou l d  i mp i n ­
ge t o a  g r eat er  or  s mal l er  ex t ent  i nt o t he s o-  
i l j t he ex t ent  of  s uc h i mp i ngement  wou l d  pr og ­
r es s i v e l y  i nc r eas e wi t h  i nc r eas e i n i t s  down ­
wa r d  di s pl ac ement .  The  u l t i mat e  v al ue of  t he 
s k i n  f r i c t i on  i n  c ompr es s i on Q' us c  was,  
howev er , ex t r apo l a t ed  f r om t he i nv er s e
sl o p 'e o f  t h e  p l o t  o f  A/ Q a g a i n s t  an  a b sc i s sa  o f  A 

( F .K .  C h i n , 19 7 0 )  u s i n g  o n l y  t h o se  o b se r v ed  v a l u e s 

o f  Q an d  A a t  w h i ch  t h e  s o i l  c o m p r essi o n  a t  t h e  t o e  

w as n e g l i g i b l e ,  i . e .  t h e  e a r l i e r  p a r t  (AB i n  F i g u r e  

1)  o f  t h i s  co m p r essi o n  t e s t .  A s can  b e seen  f r om  

F i g u r e  1 ,  t h e  e x t e n t  o f  AB w h ich  c o u l d  a p p r o p r i a t e l y  

b e u sed  f o r  su ch  e x t r a p o l a t i o n  i s  c l e a r l y  i n d i c a t e d  

i n  t h e A/ Q v e r su s  A p l o t .  AB i s  r e a so n a b l y  l i n e a r  

an d  b eyo n d  B t h e r e  i s  a d i s t i n c t  d e p a r t u r e  f r o m  t h i s  

l i n e a r i t y .

A l i n e a r  r e l a t i o n s h i p  a g a i n  em er ges a f t e r  t h e p o i n t  

C , b eyo n d  w h ich  t h e b e a r i n g  c a p a c i t y  o f  t h e  p i l e  i s  

c o n t r i b u t e d  b y  b o t h  sk i n  f r i c t i o n  i n  c o m p r essi o n  as 

w e l l  as b y  t o e  r e s i s t a n c e .  T h e i n v e r se  s l o p e  o f  

t h i s  l i n e  CD t h u s p r o v i d e s an  e st i m a t e  o f  t h e  u l t i ­

m at e t o t a l  b e a r i n g  c a p a c i t y  o f  t h e  p i l e .

A s i s  seen  f r o m  T ab l e  I ,  t h e  av e r a g e  v a l u e s o f  sk i n  

f r i c t i o n  i n  p u l l i n g  i s  ab o u t  t w o - t h i r d s  o f  t h a t  i n

p u sh i n g . Q m u st  c l e a r l y  b e l e s s  t h an  Q b e -
u s  t  us  c

c a u s e  i n  p u s h i n g  a  p i l e  i n t o  t h e  a l l u v i u m,  t h e  s h e a r

£
<»>
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d e f a ma t i o n  of  t he s oi l  enc as i ng t he pi l e 
s haf t  i s  r es i s t ed  by  t he l ower  l ay er s  of  s oi l  
t he r eby  i nc r eas i ng t hei r  s k i n f r i c t i on  wher e ­
as  i n pu l l i ng  no  s uc h r es i s t anc e  oan be de ­
v e l oped  bec aus e of  t he f r ee  s u r f ac e  of  t he 
g r ound

S i n c e  t h e  l o a d / se t t l e m e n t  r e l a t i o n s h i p  i s  h y p e r ­

b o l i c ,  t h e  u l t i m a t e  l o a d  i s  an  asy m p t o t e o f  t h e  

h y p e r b o l a  an d  t h e  se t t l e m e n t  a t  w h i ch  th fe u l t i m a t e  

l o a d  i s  r eac h ed  i s  t h e o r e t i c a l l y  v e r y  l a r g e  an d  

i s ,  t h e r e f o r e ,  n o t  d i s t i n c t l y  d e f i n e d .  I t  w o u l d , 

t h e r e f o r e ,  b e n e c e ssa r y  i n  a st u d y  o f  se t t l e m e n t  

t o  c o n si d e r  t h e  se t t l e m e n t  a t  som e f r a c t i o n  -  sa y  

a t  90% -  o f  t h e u l t i m a t e  l o a d .  On t h i s  b a s i s  

T ab l e  I I  i s  p r o d u ced  g i v i n g  t h e  d e f o r m at i o n s a t  

w h i ch  90% o f  t h e  sk i n  f r i c t i o n  i n  p u l l i n g  an d  i n  

p u sh i n g  a r e  m o b i l i se d .  The m agn i t u d es o f  t h e se  

d e f o r m a t i o n s i n i t i a l l y  d e c r e a se  w i t h  each  su b ­

seq u en t  s e r i e s  o f  t e s t s  an d  seem  t o  s t a b i l i s e  a f t e r  

t h e  f o u r t h  s e r i e s .  T h e d e f o r m at i o n s a t  90% o f  Q 

a r e  m uch g r e a t e r  t h an  t h e  c o r r esp o n d i n g  d ef o r m a ­

t i o n s  a t  90% o f  Q ; Lhe r a t i o s  b et w een  them  

i n c r e a se  f r o m  3 .5 8  t o  s t a b i l i s e  a t  ab o u t  4 .8 5  a f t e r  

t h e  f o u r t h  t e s t  s e r i e s .

TABLE I I

T e st

D ef o r m at i o n  w hen  90% o f  Sk i n  

F r i c t i o n  i s  m o b i l i se d

V ûtS e r i e s
I n  P u l l i n g I n  P u sh i n g

At ( i n .  ) Ac ( i n . )

12 0. 140 0. 491 3,50
13 0. 109 0. 420 3. 86
14 0. 087 0. 403 4. 64

15 0. 068 0. 330 4. 85
16 0. 069 0. 334 4 . 85

I t  i s  c l e a r  f r o m  t h e  r e s u l t s  g i v e n  i n  T ab l e  I ,  

t h a t  e x c e p t  f o r  t h e  f i r s t  p u l l i n g  t e s t  ( i n  T e st  

S e r i e s  N o. 12 ) ,  t h e r e  i s  n o s i g n i f i c a n t  ch an ge i n  

t h e  v a l u e s  o f  u l t i m a t e  sk i n  f r i c t i o n  i n  p u l l i n g  

an d  i n  t o t a l  u l t i m a t e  b e a r i n g  c a p a c i t y  f o r  t h e  f u l l  

r an g e o f  t h e  i n c r e a s i n g  p e r i o d s  o f  r e s t  b et w een  

on e t e s t  an d  t h e  n e x t .  T h i s f i n d i n g  d o es n o t  seem  

t o  b e c o n s i s t e n t  w i t h  t h e  e x p e c t a t i o n  o f  an  i n ­

c r e a se  i n  b e a r i n g  c a p a c i t y  w i t h  t i m e t h a t  i s  g i v e n  

b y  t h e  s e n s i t i v i t y  o f  t h e  s o i l  a s d et er m i n ed  b y  

i n s i t u  v an e t e s t s ,  an d  b y  t h e  s i g n i f i c a n t  i n c r e a se  

i n  d r i v i n g  r e s i s t a n c e  o f  t h e  p i l e s  when d r i v i n g  

w as r esu m ed  a f t e r  a sh o r t  i n t e r r u p t i o n .  T he av e ­

r a g e  s e n s i t i v i t y  o f  t h e  a l l u v i u m  as d et er m i n ed  b y  

i n s i t u  v an e t e s t s  a t  t h e  T r eat m en t  W o r k s, t h e 

B a r r a g e  s i t e  an d  a t  t h e  Syp h o n  I n t a k e  a r e  2 .0 5 ,

2 .7 5  an d  2 .7 4  r e s p e c t i v e l y .  T h ou gh  t h e se  v an e 

t e s t s  w er e ex t en d ed  t o  d ep t h s o f  up t o  20  f e e t  o n l y , 

t h e i r  v a l u e s  a r e  t y p i c a l  f o r  t h e  a l l u v i u m  a t  g r e a t ­

e r  d ep t h s (W .H . T i n g  e t  a l ,  19 7 1) .

THE IN VERSE SLOPE AS A PRED ICTIO N OF Q ^ , 0
u s t  u se

AND Q
u

Si n c e  t h e  p i l e  l o a d  t e s t s  w er e ex t en d ed  u n t i l  

f a i l u r e ,  t h i s  t e s t  p r ogram m e p r o v i d ed  t h e  o p p o r t u ­

n i t y  f o r  t h e  ex am i n a t i o n  o f  t h e  i n v e r se  s l o p e  as a 

m ean s f o r  t h e  p r e d i c t i o n  o f  u l t i m a t e  l o a d . From  a 

co m p ar i so n  o f  t h e  o b se r v ed  f a i l u r e  l o a d s w i t h  t h e 

c o r r esp o n d i n g  v a l u e s  a s com p u t ed  f r o m  t h e  i n v e r se

s l o p e s ,  t h e  f o l l o w i n g  p o i n t s  a r e  n o t i c e d : -

( a )  A l l  t h e  t e s t  r e s u l t s  sh ow  t h a t  t h e i n v e r se  

s l o p e  g i v e s  a h i g h e r  v a l u e  o f  u l t i m a t e  l o a d  t h an  

t h e  o b ser v ed  v a l u e ,  e . g .  t h o se  f o r  t h e  t e s t s  g i v e n  

i n  T ab l e  I ,  an d

( b )  T h e i n v e r se  s l o p e ,  h o w ev er , g i v e s  a c l o s e r  p r e ­

d i c t i o n  o f . Q . t h an  o f  Q
u st  u se

T h ese t w o p o i n t s  can  b e e x p l a i n e d  b y  t h e  f o l l o w i n g  

a n a l y s i s : -

I t  h as b een  show n  ( F .K .  C h i n , 19 7 0 )  t h a t  t h e s t r e s s  

s t r a i n  o r  t h e  l o a d / d e f o r m a t i o n  r e l a t i o n s h i p  o f  a 

s o i l  i s  h y p e r b o l i c ,  i . e .

p/ Q  = mp + C ( 1)

w h er e p i s  t h e  s o i l  d e f o r m at i o n  u n d er  a l o a d  Q. A 

p l o t  o f  p/ Q  a g a i n s t  an  a b sc i s sa  o f  p w o u ld  t h e r e ­

f o r e  b e l i n e a r  an d  t h e  i n v e r se  s l o p e  1/ m , o f  t h i s  

s t r a i g h t  l i n e  w ou ld  g i v e  t h e  u l t i m a t e  v a l u e  o f  Q.

I n t he p i l e  l oad t es t s , howev e r , i t  i s t he  set ­
t l ement  A at  t he p i l e  he a d  and  not  t t i e di s pl a ­
c ement  f of  t he s uppor t i ng s oi l  t hat  i s  bei ng 
meas ur ed. The d i s p l ac ement  at  t he p i l e  h e a d  
no t  on l y  r e f l ec t s  t he d i s p l ac ement  of  t he s o ­
i l  i n  whi c h t he pi l e i s  embedded, but  al so t he 
def or mat i onAe.  r es u l t i ng  f r o m t he el as t i c  c om­
pr es s i on of  t he p i l e  and A/ n t he def or mat i on of  
t he pi l e due t o any  ec c ent r i c i t y  i n t he app ­
l i c at i on of  t he t es t  l oad wi t h  r es pec t  t o t he 
l ongi t udi nal  ax i s  of  t he p i l e . Th i s  ec c ent r i c  
l oadi ng wi l l  r es u l t  i n t he pi l e bei ng al s o 
s ubj ec t  t o a bend i ng  moment  M. The ef f ec t  of  
M, whet her  t he pi l e i s  be i ng  pu l l ed  or  c ompr es -  
s ed, i s  t o  dec r eas e t he d i s t anc e bet ween t he 
t wo ends  of  t he pi l e . I n  t he case of  a c ompr es ­
s i on t es t , t he ef f ec t  of  M wi l l  be t o  i nc r eas e 
t he downwar d mov ement  of  t he  pi l e t hat  i s  due 
t o t he s oi l  de f o r mat i on by  an  amount  ¿ m , whe-  
r eas  i n a pul l i ng t es t  i t  wi l l  be t o r educe 
t he upwar d def or mat i on of  t he s oi l  i n  wh i c h 
t he pi l e i s  enc as ed. The el as t i c  def or mat i on 
of  t he mat er i a l  of  t he pi l e wi l l , i n  bot h pu ­
s hi ng and  pu l l i ng , be i n  t he s amA di r ec t i on 
of  t he c or r es pond i ng s oi l  def or mat i on.

I f  A^  i s  t h e  o b ser v ed  d i sp l ac em en t  m easu r ed  a t  t h e

p i l e  h ead  u n d er  a  c o m p r essi v e  l o a d  t h en

Ai = P1 + û e
+ A ( 2)

wher e  p^  i s  t he de f o r ma t i on  o f  t he s o i l  i n wh i c h  

t he p i l e  i s  embedded,  A i s  t he  e l as t i c  c hange i n 

t he l eng t h  o f  t he p i l e  Sue t o a l oad  and A^  i s  

t he de f o r ma t i on  due t o ec c en t r i c i t y  i n t he a p p l i c a ­

t i on  o f  t he t es t  l oad  wi t h  r es pec t  t o  t he l ong i ­

t ud i na l  ax i s  o f  t he pi l e.

T h e r e f o r e  = A^  -  <5

w h er e & -  A + A
e m

( a)

(4)

L e t  A^ b e t h e  o b ser v ed  se t t l e m e n t  a t  t h e  p i l e  h ead  

w hen  t h e  c o m p r essi v e  l o a d  i s  i n c r e a se d  t o  nQ^ w h er e 

n > 1.  T hen  t h e  se t t l e m e n t  d u e t o  t h e  d e f o r m at i o n  

o f  t h e  s o i l  u n d er  t h e  new l o a d  nQ i s  (A ^  ~ n 6 ) ,  

s i n c e  6 i s  d i r e c t l y  p r o p o r t i o n a l  t o  a p p l i e d  l o a d .

Th e u l t i m a t e  l o ad  Q ' as com p u t ed  f r o m  t h e  i n v e r se  

s l o p e  o f  t h e  p l o t  oJ: A/ Q a g a i n s t  an  a b sc i s sa  o f  A
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i s  g i v en  by :

Qÿ  *  ( A,  -  û 1 ) / ( A2/ n Q1 -  Ä1/ Q1 ) 

= nQj i û j  -  ä i ^ ^ A2 "  nAl ^ ( 5)

T h e  a c t u a l  u l t i ma t e  l o a d  Q ,  wh i c h  i s  t h e  i n v e r s e  

s l o p e  o f  t h e  p l o t  o f  p / Q a g a i n s t  a n  a b s c i s s a  o f  p 

i s  g i v e n  b y

Qu = { ( A2- n 6 ) - ( A1- 6 ) } / { ( i 2- nf i ) / nQ1 -  ( A ^ i ) ^ }

= nQ̂ ^ t Aj  -  Ax -  ( n -  1 ) 6 } / ( A2 -  n A ^  ( 6)

Ther e f o r e ,

Qu / Qu  = ( A2  '  V / U 2  "  A 1  "  ( n  "  1 ) 6 }  ( 7 )

> 1

Pu l l i n g  T e s t

( 8)

I f  i s  a  t e n s i l e  i n s t e a d  o f  a  c o mp r e s s i v e  f o r c e ,

then

L e t

t n e n

A1 = P1 + '

6 = A -  A
t  e ra

f i t  < 5

I t  c an be  s hown t hat ,

Q; t / Qu t = ( a 2- a 1) / { a2 -  Aa -  ( n -  1) 6^ }

( 9)

( 10)

( 11)

( 12)
wher e Qi ^ i s  t he u l t i mat e s k i n f r i c t i on  i n 
pu l l i ng  c omput ed  f r o m t he i nv er s e s l ope of  
t he p l o t  of  A/ Q agai ns t  an  abs c i s s a of  A , 
and i s  t he u l t i mat e s k i n f r i c t i on  i n  pul ­
l i ng wh i c h  i s  t he i nv er s e s l ope of  t± i e p l ot  
of  j >/ Q agai ns t  an abs c i s s a of  _p.

The r es u l t s  g i v en  i n ( 8)  and  ( 12)  s how t ha t  t he 
i n v e r s e  s l o p e  o b t a i n e d  f r o m t h e  p l o t  o f  A / Q a g a i n s t  

a n  a b s c i s s a  o f  A a l wa y s  g i v e s  a  v a l u e  o f  u l t i ma t e  

l o a d  h i g h e r  t h a n  t h e  o b s e r v e d  v a l u e .

S i n c e  6 < 6 ,  i t  i s  c l e a r  t h a t  Q*  i s  a  c l o s e r

e s t i ma t e  o f  Q ^  t h a n  Q*  i s  o f  Q V 
u t  u  u

T h e  i n t e r c e p t  C o n  t h e  o r d i n a t e  a p p e a r s  t o  b e  a n  

i n d i c a t o r  o f  h o w c l i s e  t h e  i n v e r s e  s l o p e  i s  t o  t h e  

o b s e r v e d  f a i l u r e  l o a d .  As  i s  s e e n  f r o m T a b l e  I ,  

t h e  s ma l l e r  t h e  v a l u e  o f  C,  t h e  c l o s e r  i s  t h e  

i n v e r s e  s l o p e  t o  t h e  o b s e r v e d  f a i l u r e  l o a d .

I t  s h o u l d  b e  n o t e d  t h a t  t h e  r a t h e r  l a r g e  d i f f e r ­

e n c e s  b e t we e n  Q'  a n d  Q f o r  T e s t  Se r i e s  1 3 ,  1 4  a n d  

16  a r e  e x c e p t i o n a l  a n d  a r e  n o  d o u b t  t h e  r e s u l t  o f  

b a d  c e n t e r i n g  o f  t h e  j a c k .  I t  wa s  d i f f i c u l t  t o  

c e n t r e  t h e  j a c k  d u e  t o  t h e  p r e s e n c e  o f  t h e  s t e e l  

r e i n f o r c e me n t  o f  t h e  p i l e  wh i c h  wa s  u s e d  i n  t h e  

p u l l i n g  t e s t s .  Wh e r e  b e t t e r  c e n t e r i n g  wa s  a c h i e v e 4 s  

Q ’ i s  mu c h  c l o s e r  i n  v a l u e  t o  Q ,  a s  e . g .  i n  t h e  

c a s e  o f  t h e  l o a d  t e s t  o f  P i l e  U^ l  d e t a i l s  o f  wh i c h  

a r e  g i v e n  i n  F i g u r e  2.  I n  t h i s  t e s t ,  t h e  r a t i o  o f  

t h e  i n v e r s e  s l o p e  t o  t h e  o b s e r v e d  f a i l u r e  l o a d  i s  

1. 02.

A -  DI SPLACEMENT AT PILE HEAD

Fi g.  2 De t e r mi na t i on  o f  t he  Ul t i ma t e  Sk i n
Fr i c t i on  i n Pu s h i ng  Fr om a Nor ma l  CRP Test .

Fi g .  3  L o a d / Se t t l e me n t  Be h a v i o u r  o f  P i l e  D6 j

T o e  o f  P i l e  Re s t i n g  o n  L e s s  Co mp r e s s i b l e  

St r a t u m T h a n  So i l  En c a s i n g  P i l e  Sh a f t .

DET ERMI NAT I ON OF  Q F ROM A L OAD T EST  
u s e

I n  t h e  c a s e  o f  l o n g  p i l e s  e mb e d d e d  i n  s o f t  s o i l s  

f o r  wh i c h  t o e  r e s i s t a n c e  r e q u i r e s  r e l a t i v e l y  l a r g e  

d i s p l a c e me n t s  t o  mo b i l i s e  a s  c o mp a r e d  t o  t h a t  

n e c e s s a r y  f o r  t h e  f u l l  mo b i l i s a t i o n  o f  s k i n  f r i c ­

t i o n  i n  c o mp r e s s i o n ,  t h e  i n i t i a l  l o a d  a c t i n g  o n  

t h e  p i l e  wi l l  a l mo s t  e n t i r e l y  b e  b o r n e  b y  s k i n  

f r i c t i o n .  T h i s  s k i n  f r i c t i o n  i n  c o mp r e s s i o n  ma y  

s u b s t a n t i a l l y  b e  mo b i l i s e d  b e f o r e  t h e  t o e  r e s i s ­

t a n c e  b e g i n s  t o  ma k e  a p p r e c i a b l e  c o n t r i b u t i o n  t o  

b e a r i n g  c a p a c i t y .  Su c h  b e h a v i o u r  wo u l d ,  i n  t h e  

À/ Q v e r s u s  A p l o t ,  ma n i f e s t  i t s e l f  a s  s h o v m i n  

F i g u r e  2 ,  i n  wh i c h  t h e  i n i t i a l  p a r t  o f  t h e  p l o t  

c o n s i s t s  o f  a s t r a i g h t  l i n e  PQ,  t h e  i n v e r s e  s l o p e  

o f  wh i c h  g i v e s  t h e  u l t i ma t e  v a l u e  o f  t h e  s k i n  f r i c ­

t i o n  i n  c o mp r e s s i o n  Q^ s c * T h i s  i s  f o l l o we d
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i mmedi a t e l y  by  ano t her  s t r a i ght  l i ne RS wh i c h 
has  a  h i gh e r  v a l ue of  i nv er s e s l ope wh i c h  g i ­
v es  t he p r ed i c t i on  of  t he ul t i mat e t ot a l  be ­
a r i ng  c apac i t y  Q' „ . For  p i l es  r es pond i ng  t o 
s uc h behav i our ,  i t  i s  t hen  pos s i b l e  t o 
obt a i n  f r om t he r es ul t s  of  a  s t andar d  l oad 
t es t ,  t he v a l ue of  t he u l t i mat e s k i n
f r i c t i o n  i n  p u sh i n g  as w e l l  as t h e  u l t i m a t e  t o t a l  

b e a r i n g  c a p a c i t y  o f  t h e  t e s t  p i l e  c o n c er n ed . Su ch  

b eh a v i o u r  h as m a n i f e st e d  i n  t h o se  t e s t  p i l e s  t h e  

l o w e r  p o r t i o n s  o f  w h i ch  w er e em bed ded  i n  t h e s o f t  

a l l u v i u m . F i g u r e  2 g i v e s  t h e  r e s u l t s  o f  on e su ch  

p i l e ;  t h e  i n v e r se  s l o p e  o f  PQ an d  o f  RS g i v i n g  an  

e st i m a t e d  u l t i m a t e  sk i n  f r i c t i o n  i n  p u sh i n g  an d  an  

u l t i m a t e  t o t a l  b e a r i n g  c a p a c i t y  o f  8 6 .1 t o n s an d  

10 6 .8  t o n s r e s p e c t i v e l y .  F o r  t h o se  t e s t  p i l e s  i n  

w h i ch  t h e  t o e s w er e d r i v e n  on  t o  a l a y e r  o f  san d y  

m a t e r i a l  l e s s  c o m p r e ssi b l e  t h an  t h e  a l l u v i u m  i n  

w h ich  t h e  p i l e  s h a f t s  a r e  em bedded» t h e i n v e r se  

s l o p e  p l o t  o f  t h e  o b se r v ed  l o a d / se t t l e m e n t  r e s u l t s  

d o es n o t  p r o d u ce t w o s t r a i g h t  l i n e s .  A s i n g l e  

l i n e  i s  p r o d u ced  i n s t e a d  ( F i g u r e  3)  i n d i c a t i n g  

t h a t  t o e  r e s i s t a n c e  p r o v i d e s a s i g n i f i c a n t  p a r t  o f  

b e a r i n g  c a p a c i t y  as so o n  as su ch  a p i l e  i s  l o ad ed .

D RIVIN G RESISTAN CE

D r i v i n g  r e s i s t a n c e  m easu r ed  i n  t er m s o f  t h e  n um ber  

o f  b l o w s p e r  f o o t  o f  p e n e t r a t i o n ,  w as r ec o r d ed  f o r  

a l l  t h e  p i l e s .  T he d r i v i n g  r e s i s t a n c e s  when 

m at ch ed  a g a i n s t  t h e  c o r r esp o n d i n g  o b ser v ed  f a i l u r e  

l o a d s r e v e a l  t h a t  f o r  t h e  a l l u v i u m  no r e l i a n c e  can  

b e p l a c e d  on  i m p ac t  f o r m u l ae  o f  t h e  H i l e y  t y p e  i n  

w h i ch  t h e  u l t i m a t e  d r i v i n g  r e s i s t a n c e  i s  b ased  on

f i na l  set  of  pene t r a t i on  per  b l ow. Thi s  i s 
c l ear  f r om Tabl e I I I  wh i c h  r e l a t es  t o Pi l es  
J 10 and L2. t f hi l e t he f i na l  s et  of  J 10 i s  ne ­
a r l y  2. 7 t i mes  t hat  of  L2, t he u l t i mat e bea ­
r i ng  c apac i t y  of  t he f o r mer  i s  onl y  1.25 t i mes 
t hat  of  t he l at t er .

TABLE I I I

C l e a r W at er  T an k s S i t e

D r op  H ammer N o. o f O b ser v ed

P i l e L en g t h W eigh t D rop
p e r  f o o t l o ad

( f t ) ( t o n s) ( f t ) a t  en d  o f o b t a i n ed

D r i v i n g b y  CRP

t e s t

( t o n s)

J10 50 4- 4 6 10 9

L2 50 4 4 3 87

A co m p ar i so n  o f  t h e  d r i v i n g  r e s i s t a n c e s  ( T ab l e  I V )  

f o r  P i l e s  A 124  an d  K200 g i v e s  t h e  an o m al o u s 

r e s u l t  t h a t  a sm a l l e r  f i n a l  s e t  y i e l d s  a  sm a l l e r  

u l t i m a t e  l o a d .  T h i s c o n t r a d i c t s  t h e  H i l e y  f o r m u l a  

w h ich  s t a t e s  t h a t  d r i v i n g  r e s i s t a n c e  i s  i n v e r se l y  

p r o p o r t i o n a l  t o  f i n a l  s e t .

I t  w as a l s o  o b se r v ed  t h a t  i m p ac t  r e s i s t a n c e  

i n c r e a se d  a b r u p t l y  when d r i v i n g  w as r esu m ed  a f t e r  

an  i n t e r r u p t i o n .  I t  w as f o u n d  t h a t  w h i l e  t h e  s e t  

d i d  n o t  i n c r e a se  w i t h  i n c r e a se  i n  l e n g t h  o f  em bed ­

m en t , a s u b s t a n t i a l  i n c r e a se  i n  b e a r i n g  c a p a c i t y  

w as n e v e r t h e l e ss  r e g i s t e r e d .

TABLE I V

B a r r a ge S i t e

P i l e L en gt h

( f t )

H ammer u sed
N o. o f  

B l o w s p e r  

f o o t  a t  

en d  o f  

D r i v i n g

O b ser v ed

U l t i m a t e

l o ad

o b t a i n ed  

b y CRP 

t e s t  

( t o n s)

A 12H

K200

60

60

D elm ag D / 12  

d i e s e l  

ham m er

19

36

12 0

8 1

H YPERBO LIC DEPENDENCE OF SETTLEM ENT ON TIM E

I n  c o n d u c t i n g  a M ai n t a i n ed  L o ad  t e s t  on  p i l e s  

em bedded  i n  p l a s t i c  s o i l s ,  t h e  i m p o r t an t  q u e st i o n  

a r i s e s  as t o  w h at  p e r i o d  o f  t i m e m u st  b e a l l o w ed  

t o  e l a p se  b e f o r e  a f r e sh  l o a d i n g  i s  a p p l i e d .  T h i s 

t i m e i n t e r v a l  i s  n o r m a l l y  d et er m i n ed  b y  t a k i n g  a

s uf f i c i ent  number  of  t i me/ s et t l ement  r eadi ng,  
unt i l  t he s et t l ement  under  eac h l oad i ncr ent -  
ent  has  s ubs t an t i a l l y  c eas ed. Theor et i c a l l y  
t he s o i l  d e f onnat i on , t hough i t s  r a t e dec r eas es  
r ap i d l y  wi t h  t i me, t ak es  pl ace ov er  a dur at i on 
whi c h  i s  t oo  l ong t o  c omp l y  wi t h  i n  a l oad 
t es t  f or  a wor k i ng pi l e.

The t wo c ur v e f i t t i ng  me t hods  c ommon l y  us ed t o
de t e r mi ne  t he c oe f f i c i en t  o f  c ons o l i da t i on  f r om 
oed o me t e r  t es t s  i mp l y  t hat  t he r e l a t i ons h i p  b e ­
t ween  c ompr es s i on  and t i me i s  p a r abo l i c  or  l oga r i ­
t hmi c .

Suk l j e  ( 19 6 9 .)  i n  h i s  oedomet e r  t es t s  wi t h  d r y  
po wd e r  o f  a l a c us t r a l  c l ay  r ound t hat  s ome mi nu t es  
a f t e r  t he app l i c a t i on  o f  a f r es h l oad,  t he s t r a i n  
c ur v e had  t he f or m.

£ =a  + b l og 10 t  ( L3)

Th i s  l ogar i t hmi c  dependenc e of  s t r a i n  6 on 
t i me t  c on t i nued af t er  120 hour s  of  obs er v a ­
t i on.
On t h e  b a s i s  o f  T e r z a g h i ' s  t h e o r y  o f  o n e- d i m en si o n ­

a l  c o n so l i d a t i o n ,  i t  h as b een  show n  ( F .K . C h i n ,

19 7 1)  t h a t  u n d er  a  c o n st a n t  l o a d ,  t h e  r e l a t i o n  

b et w een  c o m p r essi o n  p o f  a  s o i l  an d  t i m e t  i s  

ap p r o x i m a t e l y  h y p e r b o l i c ,  v i z : -

p / t  = A t  + B ( 14 )

w h er e p i s  t h e  co m p r essi o n  c o r r esp o n d i n g  t o  a 

l a p se  o f  t i m e t ,  an d  A an d  B a r e  c o n s t a n t s .  I t  i s  

c l e a r  t h a t  a  p l o t  o f  p / t  a g a i n s t  an  a b s c i s s a  o f  t  

w i l l  b e a  s t r a i g h t  l i n e  t h e  i n v e r se  s l o p e  o f  w h i ch  

i s  e q u a l  t o  t h e  f i n a l  se t t l e m e n t  u n d er  t h e  l o ad  

c o n c er n ed .

Th e p rogram m e f o r  t h e l o a d  t e s t s  o f f e r e d  t h e  

o p p o r t u n i t y  f o r  a  st u d y  o f  t h e  n a t u r e  o f  t h e 

d ep en d en ce o f  se t t l e m e n t  on  t i m e i n  a n o r m al  M ai n ­

t a i n e d  L o ad  t e s t  on  a  p i l e  f o u n d ed  i n  a l l u v i u m .

T ab l e  V g i v e s  a t y p i c a l  s e t  o f  r e s u l t s .  T h ese r e ­

s u l t s  w er e o b t a i n e d  w i t h  a p i l e  60  f e e t  l o n g .

To d et er m i n e w h et h er  t h e  l o g a r i t h m i c  o r  t h e  h y p er -

5Ì
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b o l i c  d e p e n d e n c e  o n  t i me  h o l d s ,  t h e  l i n e a r i t y  o f  

t h e  p l o t  o f  s e t t l e me n t  - aga i n s t  t h e  l o g a r i t h m o f  

t i me  was e v a l u a t e d  f o r  c o mp a r i s o n  wi t h  t h a t  o f  t h e  

p l o t  o f  t / A  a g a i n s t  a n  a b s c i s s a  o f  t .  . T o  d e t e r ­

mi n e  wh i c h  o f  t h e s e  t wo  p l o t s  h a s  t h e  b e t t e r  

l i n e a r i t y ,  a  c o mp u t e r  wa s  u s e d  t o  e v a l u a t e  t h e  

p r o d u c t  mo me n t  c o r r e l a t i o n  c o e f f i c i e n t  r  f r o m t h e  

s e t t l e me n t / t i me  o b s e r v a t i o n s ,  u s i n g  t h e  me t h o d  o f  

l e a s t  s q u a r e s .  I f  a l l  t h e  p o i n t s  r e p r e s e n t i n g  

t h e  o b s e r v e d  r e s u l t s  l i e  o n  a  s t r a i g h t  l i n e ,  t h a t  

i s ,  i f  t h e r e  we r e  n o  d e v i a t i o n  f r o m r e g r e s s i o n ,  i t  

c a n  b e  s h o wn  t h a t  | r  | = 1.  T h e  c l o s e r  r  i s  t o  

1 ,  t h e  h i g h e r  i s  t h e  d e g r e e  o f  l i n e a r  a s s o c i a t i o n  

e x i s t i n g  b e t we e n  t h e  v a r i a t e s .

T h e  t e s t  r e s u l t s  s h o w,  a s  e . g .  t h o s e  q u o t e d  i n  

T a b l e  V,  t h a t  t h e  h y p e r b o l i c  d e p e n d e n c e  o f  s e t t l e ­

me n t  o n  t i me  h a s  h i g h e r  v a l u e s  o f  r  t h a n  t h e  

l o g a r i t h mi c  r e l a t i o n s h i p .

TABLE V

T im e Se t t l em en l t / A P r o d u c t  m om ent

e l a p se d X Logi ot
c o r r e l a t i o n

t - h r s . A - 10  i n .
I Q '3

c o e f f i c i e n t

: / A  v s t A vs

1
^ i o *

M ai n t a i n ed  l o a d :  75 t o n s

1. 0 5 12 . 5 0 0 .0 8 4 0 .021 2

2 .0 5 13 . 2 5 0 . 15 5 0 . 3 118

5 .0 5 14 .0 0 0 . 3 6 1 0 .7 0 3 3

17 . 0 5 16 .7 5 1. 0 18 1. 2 3 16

2 1.0 5 17 . 0 0 1. 2 3 6 1. 3 2 3 2

3 1. 0 5 18 . 00 1. 7 2 5 , 1. 4 9 2 1

4 1. 5 5 17k  75 2 . 3 4 1 1. 6 18 5

4 3 .0 5 16 .2 5 2 .35 9 1.6 3 4 0 .9 9 9 4 20 1 .9 8 8 30 2

M a i n t a i n ed  l o a d :  50  t o n s

2 .0 5 6 .5 0 0 . 3 15 0 . 3 118

6 .0 5 .7 .2 5 0 .8 34 0 .7 8 18

8 .5 5 7 .2 5 1. 17 9 0 .9 32 0

12 . 5 5 7 .5 0 1. 6 7 3 1.0 9 8 6

17 . 5 5 8 .00 2 .19 4 1.2 4 4 2

2 2 .5 5 8 .7 5 2 .5 7 7 1. 3 5 3 2

2 9 .0 5 8 .0 0 3 . 6 3 1 1. 4 6 3 1

38 .5 5 8 .2 5 4 .6 7 3 1. 5 8 6 1

4 2 .5 5 8 .7 5 4 .8 6 3 1.6 2 8 9 .9 9 76 6 6 .9 2 2 14 4

F r o m t h e  f i n a l  v a l u e s  o f  t h e  s e t t l e me n t s  e v a l u a t e d  

f r o m t h e  i n v e r s e  s l o p e s ,  i t  wo u l d  a p p e a r  t h a t  f o r  

t h e  a l l u v i u m,  t h e r e  i s  n o  s i g n i f i c a n t  i n c r e a s e  i n  

s e t t l e me n t  a f t e r  a  l o a d  h a s  b e e n  ma i n t a i n e d  f o r  

a b o u t  4 0  h o u r s .  As  a  wh o l e ,  a b o u t  2 5 % o f  t h e  

f i n a l  s e t t l e me n t  i s  r e a c h e d  a f t e r  o n e  mi n u t e .  F o r  

P i l e  No .  b 3 ,  wh i c h  i s  6 0  f e e t  l o n g ,  t h e  e s t i ma t e d  

f i n a l  s e t t l e me n t s  u n d e r  a  ma i n t a i n e d  l o a d  of .  5 0  

t o n s  a n d  7 5  t o n s  a r e  0 . 0 0 8  a n d  0 . 0 1 7  i n .  r e s ­

p e c t i v e l y .  I t  s h o u l d  b e  e mp h a s i e d  t h a t  t h e s e  

s e t t l e me n t s  a r e  b a s e d  o n  o b s e r v a t i o n s  e x t e n d i n g  

o v e r  d u r a t i o n s  wh i c h  a r e  n o r ma l l y  a s s o c i a t e d  wi t h  

a  Ma i n t a i n e d  L o a d  t e s t  a n d  t h a t  t h e y  d o  n o t  a d e ­

q u a t e l y  r e f l e c t  t h e  e f f e c t s  o f  c r e e p  wh i c h  o c c u r  

o v e r  mu c h  l o n g e r  p e r i o d s  o f  t i me .

CONCL US I ONS

F r o m t h i s  s t u d y  o f  t h e  p i l e  d r i v i n g  r e c o r d s  a n d  

t h e  l o a d  t e s t  r e s u l t s ,  t h e  f o l l o wi n g  c o n c l u s i o n s  

ma y  b e  d r a wn  i n  r e s p e c t  o f  t h e  b e h a v i o u r  o f  p r e ­

c a s t  c o n c r e t e  p i l e s  i n  t h e  s o f t  a l l u v i u m: -

( 1 )  T h e  u l t i ma t e  s k i n  f r i c t i o n  i n  p u l l i n g  a n d  t h e  

p i l e  d i s p l a c e me n t  a t  wh i c h  i t  i s  mo b i l i z e d  a r e  l e s s  

t h a n  t h e  c o r r e s p o n d i n g  v a l u e s  f o r  s k i n  f r i c t i o n  i n  

p u s h i n g .

( 2 )  Re p e t i t i v e  l o a d i n g  t h o u g h  p r o d u c i n g  l i t t l e  

c h a n g e  i n  t h e  v a l u e s  o f  Q ,  Q a n d  Q ,  d o e s  

s i g n i f i c a n t l y  r e d u c e  p i l e U5 i s p l a c e me n t s . U

( 3 )  T h e  i n v e r s e  s l o p e  n o r ma l l y  o v e r e s t i ma t e s  t h e  

v a l u e s  o f  Qu s t > ^ u s c  anc  ̂ Q # ^ h e  d e g r e e  o f  t h i s  

o v e r e s t i ma t i o n  d e p e n d s  o n  ^ h e  i mp e r f e c t i o n s  o f  t h e  

p i l e  a n d  o n  t h e  e c c e n t r i c i t y  o f  l o a d i n g .  T h e  ma g n i ­

t u d e  o f  t h e  i n t e r c e p t  C i s  a n  i n d i c a t i o n  o f  t h e  

d e g r e e  o f  a c c u r a c y  o f  t h e  i n v e r s e  s l o p e  a s  a  p r e ­

d i c t i o n  o f  u l t i ma t e  b e a r i n g  c a p a c i t y .

( 4 )  I f  t h e  p i l e  t o e  i s  n o t  f o u n d e d  o n  ma t e r i a l  

c o mp a r a t i v e l y  l e s s  c o mp r e s s i b l e  t h a n  t h e  s o f t  

a l l u v i u m e n c a s i n g  t h e  p i l e  s h a f t ,  i t  i s  p o s s i b l e  t o  

a s s e s s  t h e  v a l u e  o f  Q ’  f r o m t h e  l o a d / s e t t l e me n t  

r e s u l t s  o f  a  n o r ma l  c t t ?c t e s t .

( 5 )  F o r  t h e  d u r a t i o n  n o r ma l l y  a s s o c i a t e d  wi t h  a  

Ma i n t a i n e d  L o a d  t e s t ,  t h e r e  i s  a  h y p e r b o l i c  

d e p e n d e n c e  o f  s e t t l e me n t  on.  t i me -

( 6 )  No  r e l i a n c e  c a n  b e  p l a c e d  o n  f i n a l  s e t  a s  a n  

e s t i ma t i o n  o f  b e a r i n g  c a p a c i t y .

A CKNOWL EDGEMENT

T h e  p i l e  d r i v i n g  a n d  t h e  l o a d * t e s t s  we r e  c a r r i e d  o u t  

u n d e r  t h e  c h a r g e  o f  Mr .  Ho o i  Ka h  Hu n g ,  t h e  Ch i e f  

Re s i d e n t  E n g i n e e r  o f  t h e  Ri v e r  Mu d a  Wa t e r  Pr o j e c t .

To h i m and t o h i s  s t a f f  ac k nowl edgemen t  i s  due.

REF ERENCES

CHI N,  F . K . ( 1 9 6 8 ) , " So me  s o i l  c h a r a c t e r i s t i c s  a n d  

f o u n d a t i o n  p r o b l e ms " ,  J . I n s t i t u t i o n  o f  En g i n e e r s ,  

Ma l a y s i a ,  Vo l . I V ,  No . l ,  p p .  1 - 9 ,

CHI N , F . K . ( 1 9 7 0 ) / ’ E s t i ma t i o n  o f  t h e  u l t i ma t e  l o a d  o f  

p i l e s  f r o m t e s t s  n o t  c a r r i e d  t Q f a i l u r e "  Pr o c .  2 n d  

So u t h e a s t  As i a n  Co n f . So i l  En g . ,  S i n g a p o r e  p p . 8 1 - 9 0 .

CHI N,  F . K . ( 1 9 7 1 ) , " E s t i ma t i n g  t h e  f i n a l  t o t a l  s e t t l e ­

me n t  -  A t h e o r e t i c a l  a n a l y s i s " . ,  Pr o c .  F o u r t h  As i a n  

Re g i o n a l  Co n f .  So i l  Me c h .  & F o u n d .  E n g g . ,  Ba n g k o k ,  

J u l y ,  1 9 7 1 ,  V o l . 2.

COX ,  J . B . ( 1 9 7 0 ) ,  " St r e n g t h  o f  r e c e n t  ma r i n e  c l a y s  

i n  So u t h e a s t  As i a " ,  J .  So u t h e a s t  A s i a n  So c i e t y  So i l  

En g . ,  Vo l . I ,  No . l ,  p p .  1 - 2 6 .

SUKL J E ,  L . ( 1 9 6 9 ) ,  Rh e o l o g i c a l  As p e c t s  o f  So i l  

Me c h a n i c s ,  J o h n  Wi l e y ,  L o n d o n ,  p .  1 0 6 .

T I NG,  W. H.  a n d  CHAN S . F . ( 1 9 7 1 ) ,  " Be a r i n g  c a p a c i t y  

o f  Ba k a u  t i mb e r  p i l e s  i n  t h e  c o a s t a l  a l l u v i u m o f  

We s t  Ma l a y s i a " ,  Pr o c .  F o u r t h  As i a n  Re g i o n a l  Co n f .  

So i l  Me c h .  & F o u n d .  En g g . ,  Ba n g k o k ,  J u l y ,  1 9 7 1 ,  Vo l .

1 ,  p p .  2 1 7 - 3 2 2 .

VAI L ,  A. J .  ( 1 9 6 5 ) ,  " So me  d e e p  p i l e  f o u n d a t i o n s  a t  

Sa b a k  B e r n a m" ,  J . I n s t i t u t i o n  o f  En g i n e e r s ,  Ma l a y s i a ,  

Vo l .  I I ,  No . l ,  p p .  3 - 1 4 .

52


