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Designing of the pile tip level at bridge foundation in loose and soft deposits

Desseinant du niveau de pointe d'un pieu à un fondation du pont dans des dépôts lâches et tendres

LÂSZLÔ RÔZSA, B.Sc., M.Sc., Ph.D., Head of the Underground Designing Department UVATERV, Associate Professor, 
Budapest, Hungary

SYNOPSI S Be a r i n g  c a p a c i t y  o f  t he  p i l e s  a t  t he  b r i d g e  f o u n d a t i o n s  i n  l oos e  an d  s o f t

d e p o s i t s  u n d e r  r i v e r s  on  g r e a t  p l a i n s  i s ,  i n  g e n e r a l , l e s s  t h a n  t ha t  g i v e n  i n  p u b l i c a t i o n s .  

Sh o r t  p i l e s  g i v e  g r e a t  s e t t l e me n t s  i n  t he  c l ay  l a y e r s .  Re l a t i v e l y  l o n g  p i l e s  a r e  c o n v e n i e n t  

t o a p p l y  t o p r e v e n t  t he  mo v e me n t  o f  t he  f o u n d a t i o n s .  The s e t t l e me n t  o f  t he  p i l e s  i s  l es s  and  

t he b e a r i n g  c a p a c i t y  i s  g r e a t e r  i f  t he  l o we r  p a r t  o f  t he  p i l e  e mb e d d e d  i n  t he  s a n d y  l a y e r s .

1.  I NTRODUCTI ON

Ri v e r s  on  g r e a t  p l a i n s  c han g e  t h e i r  b e d s  f r e ­

q u e n t l y  and  b e l o w t he r i v e r  r e l a t i v e l y  y o u n g  

d e p o s i t s  a r e  t o be f o u n d  t o a  c o n s i d e r a b l e  

dep t h .  Mo s t l y  t h i s  i s  t he  c as e  a t  s u c h  p l a i n s  

wh e r e  t he s u r f a c e ,  s e t t l e d  i n  g e o l o g i c a l  ages ,  
a r e  f i l l e d  u p  b y  r i v e r  a nd  s e a  d e p o s i t s .

Un d e r  s u c h  s o i l  c o n d i t i o n s  p i l e - f o u n d a t i o n s  a r e  

ma d e  mo s t l y ,  as  u s u a l l y  i n  t he r e c e n t  p e r i o d .

I n  c o n n e c t i o n  wi t h  t he  p i l e d  f o u n d a t i o n s  t he 
f o l l o wi n g  t h r e e  i n t e r r e l a t e d  p r o b l e ms  a r e  e n ­
c o u n t e r e d  :

1/  De s i g n  o f  t he  p i l i n g  dep t h ,  t h a t  o f  t he  r e ­
q u i r e d  p i l e  l e n g t h

2/  Es t i ma t i o n  o f  t he p i l e s ’ d i a me t e r  a nd  t he 
b e a r i n g  c a p a c i t y

3 /  Ca l c u l a t i o n  o f  t he  e x p e c t e d  s e t t l e me n t  of  

t he  p i l e  f o u n d a t i o n .

De p o s i t s  u n d e r  t he  r i v e r  be d  a r e  l oos e ,  e as y  

t o  c o mp r e s s  1£e l ay e r s .  Fo u n d a t i o n s  n e a r  t he  

s u r f a c e  i nv o l v e ,  g e n e r a l l y ,  c o n s i d e r a b l e  s e t ­

t l e me n t ,  d e f o r ma t i o n  an d  d i s p l a c e me n t  o f  t he  

f o u n d a t i o n .  I n  c as e  o f  s e v e r a l  b r i d g e s  s t r u c ­

t u r a l  d e f e c t s  we r e  e n c o u n t e r e d  b e c a u s e  o f  t he  

p i e r s ’ mo v e me n t s ,  due  t o  t he  s e t t l e me n t ,  t i l t ­

i ng  a nd  mo v e me n t  o f  f o u n d a t i o n ,  e l i mi n a t i o n  of  

wh i c h  r e q u i r e d  c o n s i d e r a b l e  ma i n t e n a n c e  wo r k .

2.  L OOSE SEDI MENT UNDER THE RI VER BED

f i v e  b r i d g e s  we r e  c o n s t r u c t e d  i n  t he  l as t  d e ­

c ades  t o  s p a n  t he Ri v e r  T i s z a / Hu n g a r y .  I n  c o n ­

n e c t i o n  s i g n i f i c a n t  e x p l o r a t i o n  wo r k  wa s  c a r ­

r i e d  out .  The  e x p l o r a t i o n  h a v e  r e v e a l e d  c l a y e y  

l e y e r s  o f  v a r y i n g  s o f t n e s s  a n d  me d i u m s t i f f ­

n e s s  and  s a n d y  l a y e r s  o f  d i f f e r e n t  c o mp o s i t i o n ,  
l a y i n g  u n d e r  e a c h  o t h e r  f r o m t he  s u r f a c e  t o 

t he  d e p t h  o f  t he  e x p l o r a t i o n .  Ma j o r i t y  of  t he 
g r a n u l a r  l a y e r s  i s  f i n e  s and .  The v o i d  r a t i o  

o f  t he  c l a y  i s  r e l a t i v e l y  h i gh ,  i t  v a r i e s  b e ­
t we e n

e = 0 , 8 - 1 , 1 7  / l /

Th e i r  p l a s t i c i t y  i n d e x  i s

I p  =  4 6 - 5 2  S  / 2 /

Sma l l e r  t h a n  t he a b o v e  v a l u e  h a s  b e e n  encoun'  

t e r e d  o n l y  at  s ome t h i n n e r  l a y e r s .  The  a n g l e  

o f  i n t e r n a l  f r i c t i o n  o f  t he  c l ay  i s :

0  5- 13°

An g l e  o f  i n t e r n a l  f r i c t i o n  o f  t he  g r a n u l a r  

l ay e r s  i s  20- 25° .  Co e f f i c i e n t  o f  u n i f o r mi t y
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Ch a r a c t e r i s t i c  b o r e h o l e  

Bo r i n g  o n  t he  s i t e  o f  t he  mo t o r wa y  at  

T i s z a p a l k o n y a

SOI L PROFI LE
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Fi g u r e  3 

Cr o s s - s e c t i o n  o f  t he  b r i d g e  

o w r  t h e  Ri v e r  Ti s z a  

a t  t he  b r i d g e  o f  Sz eged- I i o r t h

i a  U =  2- 6.  The  wa t e r  c o n t e n t  o f  t he  c o h e s i v e  

l a y e r s  i s  n e a r  t he  p l a s t i c  l i mi t ,  o n l y  s ome 

l a y e r s  h a v e  h i g h e r  wa t e r  c o n t e n t

The  n a t u r a l  wa t e r  c o n t e n t  of  t he  g r a n u l a r  

l a y e r s  i s  a b o u t  25 t o 3 0  %
Ch a r a c t e r i s t i c  b o r i n g  p r o f i l e s  i s  s h o wn  i n  

F i g u r e  1 / a  an d  1/ b.

G R A P H  OF  S O U N D  I N B

F i g u r e  4 / a

L o a d - s e t t l e me n t  c u r v e

b o r e d  p i l e  wi t h  d i a .  o f  0 ,8 0  m

/ Br i d g e  a t  Cs o n g r a d /

l o a d - s e t t l e me n t  c u r v e  p i l e  wi t h  
d i a  o f  1 , 2  m/ Br i d g e  at  Cs ongr ad /
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F i g u r e  4 / c

L o a d - s e t t L a m e n t  c u r v e  S o i l - M e c  t y p e  b o r e d  p i l e  

w i t h  d i a  o f  1 , 2  m  a t  t h e  b r i d g e  o f  S z e g e d - N o r t h

At  o t h e r  e x p l o r a t i o n  t he  l oos e  g r a n u l a r  l a y e r s  
a r e  p r e v a l e n t .  So u n d i n g  o f  t he  g r a n u l a r  l a y e r s  

s h o we d  r e l a t i v e l y  l o w s o i l  r e s i s t a n c e  a l t h o u g h  
i t  wa s  n o t  p o s s i b l e  t o e l i mi n a t e  t he s k i n  

f r i c t i o n  e n t i r e l y  at  t h e s e  p r o b e s  / F i g . 2/

Sc o u r i n g - o u t s  a r e  a l s o  t o be c o n s i d e r e d  b e c a u s e  

o f  t h e  c o n s i d e r a b l e  f l o w r e g i me  o f  t he  r i v e r ,  

as  a  c o n s e q u e n c e  o f  wh i c h  t he l e v e l  o f  t he  

be d  b o t t o m c an  n o t  be c o n s i d e r e d  as  a n  e x a c t  

l i ne .  Th e  s c o u r i n g - o u t s  an d  t he  d e p o s i t s  

c han g e  t h e i r  p l a c e s  q u i t e  f r e q u e n t l y  / Pi g . 3 . /

3.  PI L E- SKI N FRI CTI ON I N 

1003: - ; ,  GHA^ ULAi i  DXi POSI ' i ?

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

a r e  t o  be  g e n e r a l l y  c o n s i d e r ­

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

t he  s k i n  f r i c t i o n  h a s  b a s i c  

r o l e  i n  t he  b e a r i n g  c a p a c i t y .
The  p e r f o r me d  d i f f e r e n t  t es t s ,  

t e s t  p i l i n g ,  s o u n d i n g  ana  

l o ad i ng ,  e q u a l l y  h a v e  s h o wn  

t ha t  t he  l oad  a c t i n g  o n  t he 

p i l e s ,  s e r v i n g  a s  b r i d g e  f o u n ­

d a t i o n s ,  i s  b a s i c a l l y  c a r r i e d  
by  t he  s k i n  f r i c t i o n .

4.  TEST PI L I NG

The l o a d i n g  t e s t s  i n  t he  c o u r s e  o f  

d e s i g n  we r e  c a r r i e d  ou t  mo s t l y  o n  t he 

b a n k .  To e l i mi n a t e  t he s k i n  f r i c t i o n  

o f  t h e  l a y e r s  a b o v e - t h e  be d  b o t t o m we  
e n c l o s e d  t he  u p p e r  p a r t  o f  t he  p i l e s  

wi t h  p i p e s  t h u s  l i mi t i n g  t he  a c t i n g  of  

t he  ski r .  f r i c t i o n  o n l y  f r o m t he  d e p t h  

o f  t he  b ed  b o t t o m.  I t  wa s  a  s i mu l a t i o n  

o f  t he  wo r k  o f  t he  r i v e r  p i l e s .  Of  

t he  p e r f o r me d  l o a d i n g  t e s t s  / Pi g .  4a /  

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

c h o s e n  f o r  t h i s  p a p e r  / Fi g .  4b/ .
L o a d i n g  t e s t s  we r e  ma d e  at  t he  ac t ua?  

s i t e s  o f  p i l i n g  d u r i n g  c o n s t r u c t i o n .

Th e s e  t e s t s  a l s o  j u s t i f i e d  t he  a b o v e - e x p l a i n e d  

f a c t s .  Wh e n  p e r f o r mi n g  l o a d i n g - t e s t s  o n  So i l -

lu@c p i l e s  wi t h  d i a .  o f  1 , 2  we  o b t a i n e d  b e a r i n g  

c a p a c i t y  o f  1 3 , o o o  k/ I T an d  s e t t l e me n t  o f  28 mm.  

Fo r  l o a d - s e t t l e me n t  eu r v e  s ee  Fi g .  4 / c .

The  u l t i ma t e  l oad  c a p a c i t y  o f  t he  s h o r t e r

0  0 , 8 0  m p i l e  -  26 m -  wa s  5 0 5 0  k H,  wh i l e  t ha t  

o f  t he  l o n g e r  0 1 , 2 0  m p i l e , - 33  m, - wa s  a s  mu c h  

as  9 4 7 7  k N.  The  a c t i n g  s k i n  f r i c t i o n  wa s  t he 

s a me  a t  b o t h  p i l e s ,  b e c a u s e  at  t he  l o n g e r  p i l e  

o n  t h e  u p p e r  p a r t  t he  f r i c t i o n  wa s  e l i mi n a t e d  
by  c a s i n g  t ube .

The l o a d i n g  t e s t s  at  o t h e r  b r i d g e s  h a v e  s h o wn  

t h a t  t he  c o mp r e s s i o n  u n d e r  t he  s h o r t e r  p i l e B 

wa s  s e v e r a l  t i n e s  mo r e  t h a n  u n d e r  t he  l o n g e r  

ones .

The  e x p e r i e n c e s  o f  c o n s t r u c t e d  b r i d g e s  h a v e  
s h o wn  t h a t  t he  f o u n d a t i o n s  o n  l ong  b o r e d  p i l e s  

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

wa s  n o  t . i l t i ng o r  mo v e me n t .

5.  EVAL UATI ON OP THE PI L E L OADI NG

The  l o a d i n g  t e s t s  c a r r i e d  ou t  f o r  d i f f e r e n t  

b r i d g e  f o u n d a t i o n s  h a v e  no t ,  o f  c ou r s e ,  s c i e n ­

t i f i c  a i ms ,  t h e y  h a v e  b e e n  i n t e n d e d  t o s e r v e  
p r a c t i c a l  goa l ,  c h e c k i n g  o f  t he  d e s i g n e d  b e a r ­

i n g  c a p a c i t y  o f  t he  p i l e .  The  g e n e r a l  l e s s o n  

t ha t  c a n  be  d r a wn  f r o m t he n u me r o u s  l o a d i n g  

t e s t s  p e r f o r me d  i n  l o o s e  s e d i me n t s  i s  t h a t  t he 

l oad  a c t i n g  o n  t he p i l e s  i s  mo s t l y  c a r r i e d  by  

. t he s k i n  f r i c t i o n .  I f  we  a t t r i b u t e  t he  r e s u l t s  

o b t a i n e d  f o r  b e a r i n g  c a p a c i t y  by  l o a d i n g  t e s t s  

s o l e l y  t o  t he s k i n  f r i c t i o n  an d  i f  we  c a l c u ­

l a t e  t he  f r i c t i o n  c o e f f i c i e n t  f r o m t he  a c t i n g  
l oad  b a s e d  o n  t he  we l l - k n o wn  f o r mu l a  o f  t he  
s k i n  f r i c t i o n

P =  |  K. f  / 3 /

wh e r e  q  -  i s  t he  g e o s t a t i c a l  p r e s s u r e  k Pa  

K -  i s  t he  s k i n  s u r f a c e  s q . m. , and  
f  -  i s  t he  f r i c t i o n  c o e f f i c i e n t  

an d  t a k e  t he  f  = t g  0 v a l u e  i n t o  a c c o u n t  we  

o b t a i n  f o r  t he  v a l u e  o f  0  a n g l e  i s  i n  g o o d  
c o o r d i n a t i o n  wi t h  t he  a v e r a g e  f r i c t i o n  a n g l e  

o f  t h e  p e n e t r a b l e  l ay e r s .
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6.  SEL ECTI ON 0*' THE FOUNDATI ON L EVEL

Wh e n  s e l e c t i n g  t he  f o u n d a t i o n  l e v e l  t he  p r o b ­
l ems  c o n n e c t e d  wi t h  mo v e me n t  a r e  t o be n e c e s ­

s a r i l y  t a k e n  i n t o  a c c o u n t .  The  e x p e r i e n c e s  

g a i n e d  wi t h  f o r me r l y  b u i l t  b r i d g e s  h a v e  s h o wn  

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

s i d e r a b l e  s e t t l e me n t ,  t i l t i n g  a n d  mo v e me n t  

h a v e  b e e n  e n c o u n t e r e d .  Su c h  p h e n o me n a  we r e  o b ­

s e r v e d  a t  s e v e r a l  b r i d g e s  s p a n n i n g  t h e  Ri v e r  

Ti s z a  a n d  Da n u b e .  Es p e c i a l l y  b i g  mo v e me n t s  we r e  

o b s e r v e d  a t  t he  r o a d - b r i d g e  b u i l t  o v e r  t h e  Ri v ­

e r  T i s z a  a t  Sz e g e d  t o wa r d  t he end  o f  t he  l as t  

c e n t u r y  a n d  f o u n d e d  i n  t h e  s o f t  c l ay  l a y e r s  

r e l a t i v e l y  n e a r  t he  be d  b o t t o m b y  c a i s s o n  me t h ­

od.  The  t es t  h a s  r e v e a l e d  t ha t  t he  mo v e me n t s  

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

ed b y  u n i f o r m s i z e d  q u i c k - s a n d  t o  be  f o u n d  
u n d e r  t h e  r i v e r  bed .  The  c o l l o i d  c o n t e n t  o f  

t he  c l a y  i s  v e r y  h i g h .

Th i c k  a n d  u n f a v o u r a b l e  f r o m t he  f o u n d a t i o n -  

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

l o n g  b o r e d  p i l e s  wi t h  b i g  d i a me t e r  / o , 8  m an d  

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

p r e v e n t  s e t t l e me n t  a nd  mo v e me n t  o f  p i l e  

f o u n d a t i o n s .
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