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DEEP FOUNDATIONS FOR A BRIDGE IN BRAZIL

FONDATIONS PROFONDES POUR UN PONT BRESILIEN 

rJlYBOKME 4>yHflAMEHTM MOCTA B 6PA3MJ1M1

SI G M U N D O  G O L O M B E K ,  D i r e c t o r  C o n su l t r i x  S / C  L t d a ,  S .  P a u l o  ( B r a z i l )

SY N O P SI S -  T h e  p a p e r  d e a l s  w i t h  t h e  d e s i g n  a n d  e x e c u t i o n  o f  t h e  f o u n d a t i o n s  o f  a h i g h w a y  and 
r a i l w a y  b r i d g e  o n  t h e  B r a z i l i a n  N a t i o n a l  R o a d  B R - 10 1.  C a i s s o n s  1 , 5  m . d i a m e t e r  w i t h  l e n g h t s  

u p  t o  70  m . t h r o u g h  s a n d s  a n d  s o f t  c l a y s  t o  w e a t h e r e d  r o c k  w e r e  u s e d .  So m e p e c u l i a r i t i e s  ar e 
m e n t i o n e d  a s  w e l l  a s  p r o b l e m s  i n  e x e c u t i o n  a n d  c h a n g e s  i n  d e s i g n  m a d e  n e c e s s a r y  b y  s p e c i a l  

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

1 -  D E SC R I P T I O N  O F T H E 3 R I D G E

I t  i s  a  h i g h w a y  a n d  r a i l w a y  b r i d g e ,  w i t h  8 3 2  

m . i n  t o t a l  l e n g h t ,  o v e r  t h e  S .  F r a n c i s c o  

R i v e r ,  n o r t h e a s t  B r a z i l ,  b e t w e e n  t h e  c i t i e s  -  

o f  P r o p r i a  a n d  C o l e g i o .

T h e  b r i d g e  h a s  o n e  s t e e l  s p a n ,  9 0  m e t e r  l o n g  

a n d  t h e  o t h e r s  i n  p r e s t r e s s e d  c o n c r e t e  3 3 , 4 m .  

l o n g .  T h e  p r e s t r e s s e d  b e a m s  w e r e  p r e c a s t

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

l a u n c h e d  s p a n .

FI GURE 1

T h e  f i g u r e  1 s h o w s  a  g e n e r a l  v i e w  o f  t h e  

b r i d g e  d u r i n g  c o n s t r u c t i o n .  A b e a m  b e i n g  

t r a n s p o r t e d  c a n  b e  s e e n .

T h e  s t e e l  6 p a n  h a s  b e e n  d e s i g n e d  t a k i n g  i n  

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

c l e a r a n c e .

2 -  SO I L  C O N D I T I O N S

B o r i n g s  w e r e  m ad e  i n  t w o  d i f f e r e n t  o c c a s i o n s :  

t h e  f i r 6 t  o n e s ,  p r e v i o u s  t o  t h e  b i d d i n g ,  w e r e  

j u s t  p r e l i m i n a r y  b o r i n g s  Co o r i e n t  d e s i g n .

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

t h e  c o n t r a c t o r  o r d e r e d  n e w  b o r i n g s  t o  b e  m ad e  

i n  t h e  l o c a t i o n  o f  e a c h  c o l u m n .

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

f i r s t  l o o s e  t h e n  c o m p a c t ,  w i t h  t h i n  l a y e r s  o f  

s o f t , c l a y  t o  d e p t h s  u p  t o  2 0  m e t e r .

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

c l a y  w i t h  f i n e  s a n d ,  r e a c h i n g  6 0  m . B e l o w  t h e  

s o f t  c l a y ,  w e a t h e r e d  r o c k ,  m o s t l y  s a n d s t o n e  

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

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

15  m . t o  70  m .

I n  so m e  b o r i n g s  a  n e w  l a y e r  o f  f i n e  s a n d  w a s  

l o c a t e d  b e t w e e n t h e  s o f t  c l a y  a n d  t h e  w e a t h e r e d  

r o c k .

R o t a r y  d r i l l i n g s ,  A X  i n  d i a m e t e r  w e r e  u s e d  

n o r m a l l y  i n  e v e r y  b o r i n g ,  t o  t e s t  t h e  

c h a r a c t e r i s t i c s  o f  t h e  r o c k .

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

v a r i a t i o n s  i n  d r y  s e a s o n  a n d  i n  r a i n y  s e a s o n .  

B e c a u s e  o f  t h a t ,  t h e  u p p e r  l a y e r  o f  f i n e

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

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

of  15 ra.

3 -  SO I L  T E ST

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

s a n d y  l a y e r ,  m a i n l y  r e g a r d i n g  g r a i n  s i z e  a n d  

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

o f  e q u i p m e n t  t o  b e  u s e d .

T h e  t e s t s  i n d i c a t e d  m o s t l y  (up t o  9 4 % )  o f  f i n e  

s a n d ,

A s t o  t h e  l a y e r  o f  s o f t  c l a y ,  g r a i n  s i z e  w a s  

40% c l a y ,  35%  s i l t  a n d  2 5%  f i n e  s a n d .

L i q u i d  l i m i t  o f  t h e  c l a y  w a s  a b o u t  4 5%  a n d  

p l a s t i c  l i m i t  2 0 %.

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

t h e  r o c k ,  a c o m p r e s s i o n  t e s t  w a s  p e r f o r m e d  

u p o n  a s a m p l e  4 , 2  c m . i n  d i a m e t e r  a n d  8 , 4  c m .  

h e i g h t .  R e s i s t a n c e  o b t a i n e d  w a s  3 9 3 , 5  k g / c m 2 .

4 -  P R E L I M I N A R Y  D E SI G N

D u e t o  t h e  c h a r a c t e r i s t i c s  o f  s o i l  i t  w a s  

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

c a s e d  c a i s s o n s  t o  s o u n d  r o c k .

M o s t  c o l u m n s  w e r e  d e s i g n e d  o n  f o u r  c a i s s o n .  

T h e  c o l u m n s  f o r  t h e  s t e e l  s p a n  w e r e  t o  b e  

s u p p o r t e d  b y  t e n  c a i s s o n s '  e a c h  a n d  t w o  o t h e r  

c o l u m n s ,  w e r e  t h e  l i a b l e  e r o s i o n  c o u l d  e x p o s e  

t h e  r o c k ,  w e r e  d e s i g n e d  o n  f i v e  c a i s s o n s .

E a c h  c a i s s o n  h a s  a 1, 5 m .  d i a m e t e r  a n d  d i s t a n c e  

b e t w e e n  c a i s s o n s  i s  4 m . c e n t e r  t o  c e n t e r .

W o r k i n g  m a x i m u m *  l o a d  o f  e a c h  c a i s s o n  i s  5 5 0  

t o n .  ,  c o r r e s p o n d i n g  t o  3 5  k g / c m 2 o n  t h e  s o u n d  

r o  c k .

T h a t  v a l u e ,  o b v i o u s l y  l o w  w h e n  c o m p a r e d  w i t h  

t h e  c o m p r e s s i o n  t e s t ,  w a s  a d o p t e d  d u e  t o  

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

I t  w a s  d e c i d e d  t o  u s e  a v i b r a t o r y  h a m m e r  

P . T . C .  2 x 6 0 ,  t o  d r i v e  t h e  c a s i n g  t h r o u g h  t h e  

s a n d  a n d  i n t o  t h e  c l a y e y  l a y e r ,  w i t h o u t  

an  p r a v i o u s  e x c a v a t i o n .

C o n s i d e r i n g  t h a t ,  e q u i p m e n t  c a s i n g s  w h e r e  

f o r e s e e n  w i t h  a t h i c k n e s s  o f  1 / 4 "  w h i t  a 

r e i n f o r c e m e n t  i n  t h e  l o w e r  5 0  c m .  t o  1 / 2 " .

A f t e r  i n t r o d u c t i o n  o f  t h e  c a s i n g  a C a l w e l d  

2 5 0 B  e q u i p m e n t  w i t h  a i r - l i f t  a n d  a s o i l  a u g e r  

w a s  t o  b e  u s e d  f o r  e x c a v a t i o n  o f  t h e  c l a y ,  t o  

t h e  t o p  o f  w e a t h e r e d  r o c k ,  b e l o w  t h e  b o t t o m  

o f  c a s i n g .

S t a b i l i t y  o f  t h e  h o l e  w a s  a s s u r e d  b y  t h e  u s e  

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

p r o c e d u r e .

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

r o c k  b i t  w a s  t o  b e  u s e d  t o  d r i l l  t o  s o u n d  

r o c k ,  c o n t r o l  o f  t h e  q u a l i t y  o f  r o c k  b e i n g  

m ad e  m e a s u r i n g  t h e  d r i l l i n g  v e l o c i t y  ( f i g . 2 ) .

A n e w  c a s i n g ,  a p r o x i m a t e l y  1 , 4  m . i n  d i a m e t e r  

w o u l d  t h e n  b e  l o w e r e d  i n t o  t h e  s l u r r y  t o  t h e 

t o p  o f  w e a t h e r e d  r o c k  a n d ,  a f t e r  i n t r o d u c t i o n  

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

t h r o u g h  t h e  b e n t o n i t e  u s i n g  a t r e m i e .

I n  t w o  c o l u m n s ,  w h e r e  t h e  s o u n d  r o c k  w a s  a t  

l e s s  t h a n  2 5  m . t h e  c a i s s o n s  w h e r e  t o  b e  

e x c a v a t e d  a n d  c o n c r e t e d  u s i n g  t h e  p n e u m a t i c  

c a i s s o n  t e c h n i q u e .

F I G U R E  2

5 -  PR O B L EM S D U R I N G  C O N ST RU C T I O N

T w o  k i n d  o f  p r o b l e m s  i n t e r f e r e d  w i t h  t h e  r e a l

c o n s t r u c t i o n  w o r k :

a )  -  F i r s t  a n d  m o s t  i m p o r t a n t  w a s  t h e  f a i l u r e  

o f  t h e  v i b r a t o r y  h a m m e r  t o  d r i v e  t h e  

c a s i n g s  t o  t h e  r e q u i r e d  d e p t h .

I n  s p i t e  o f  t h e  s o i l  b o r i n g  r e s u l t s ,  t h e  

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

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

t h e  g r a i n  s i z e  c h a r a c t e r i s t i c s  b e i n g  

p r e v i o u s l y  m a d e  b y  t h e  e q u i p m e n t  e x p e r t s  

t h e  P . T . C .  h a m m e r ,  c h o s e n  t o  d r i v e  t h e  

c a s i n g  t h r o u g h  t h e  s a n d  a n d  i n t o  t h e  

c l a y ,  w a s  u n a b l e  t o  d r i v e  m o r e  t h a n  10 m . 

i n t o  s a n d .

I t  i s  p o s s i b l e  t h a t  t h e  p r o b l e m  w a s  

c a u s e d  b y  i n a d e q u a t e  f r e q u e n c y  o f  

v i b r a t i o n ,  c o n s i d e r i n g  t h a t  t h e  m e n t i o n e d  

e q u i p m e n t  i s  a b l e  o f  J u 6 t  l i t t l e

v a r i a t i o n s  o f  f r e q u e n c y .

C o n s i d e r i n g  t h e  t i m e  s c h e d u l e  t h e  

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

a v a i l a b l e  e q u i p m e n t ,  a D e l m a g D . 2 2  d i e s e l  

h a m m e r .

O b v i o u s l y  t h e  t h i c k n e s s  o f  t h e  c a s i n g  

h a v i n g  b e e n  d e s i g n e d  t o  b e  u s e d  w i t h  t h e  

v i b r a t o r y  h a m m e r , i t  w a s  n o t  t h i c k  e n o u g h  

t o  r e s i s t  t h e  d r i v i n g  w i t h  t h e  D e l m a g .

U n t i l  p r o b l e m  w a s  s o l v e d  b y  r e i n f o r c i n g  

p a r t i a l l y  t h e  c a s i n g  ( c h a n g e  o f  t h i c k n e s s  

w a s  e c o n o m i c a l l y  i m p o s s i b l e )  a n d  d r i v i n g  

t o  l e s s e r  d e p t h s ,  so m e  c a s i n g s  w e r e  

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

i m p o s s i b l e  t o  u s e  C a l w e l d  e q u i p m e n t  a n d  

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

a . l  -  W h en  t h e  c a s i n g s  w a s  d e f o r m e d  w a s  

o r  o b s t r u c t i o n  w a s  a t  l e s s  t h a n  

3 0  m . d e p t h ,  a  p n e u m a t i c  c h a m b e r  -  

w a s  a d a p t e d  t o  t h e  c a s i n g .

W o r k i n g  i n  c o m p r e s s e d  a i r ,  w h i t  

p r e s s u r e s  u p  t o  3 , 5  k g / c m 2  t h e  

d e f o r m a t i o n  w a s  e l i m i n a t e d  b y  

j a c k i n g  o r  e v e n  b y  r e m o v i n g  t h e  

d i s t o r t e d  s e c t i o n .

O b v i o u s l y ,  w o r k i n g  u n d e r  s u c h  h i g h  

p r e s s u r e s  b r o u g h t  n e w  p r o b l e m s  d u e  

t o  n e c e s s a r y  o f  s p e c i a l i z e d  c r e w s  

u n d e r  s t r i c t  m e d i c a l  a s s i s t a n c e .

PI LE

DETAIL OF P ILE
PLATE N * I 
1 / 4 "

T O T A L  W E I G H T P ER  P I L E  1 8 6  K g / m

FIG. 3

a . 2 -  I n  o t h e r  c a s e s ,  e v e n  b e l o w  3 0  * .

m i n o r  d e f o r m a t i o n s  w e r e  c o r r e c t e d  

u s i n g  a s p e c i a l l y  d e s i g n e d  s t e e l  

m a n d r e l  a d a p t e d  t o  t h e  C a l w e l d  

e q u i p m e n t .

a . 3 -  F i n a l l y  w h e n  t h e  d e f o r m a t i o n s  wer e 
t o o  d e e p  t o  b e  e l i m i n a t e d  t hr ough 
c o m p r e s s e d  a i r  a n d  t h e  m a n d r e l  was 
u n a b l e  t o  s o l v e  t h e  p r o b l e m ,  t he 
d e s i g n  w a s  c h a n g e d  a n d  s t e e l  p i l e s  

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

r e f u s a l  i n  r o c k .

S p e c i a l  t e m p l a t e s  w e r e  a r r a n g e d  t o  

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

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

B e c a u s e  B r a z i l i a n  s t e e l  m i l l s  d o n ' t  

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

h a d  t o  b e  s p e c i a l l y  m a d e .

T h r e e  p i l e s  w e r e  d r i v e n  i n  e a c h  

c a i s s o n .  E a c h  p i l e  w a s  c o m p o s e d  of  
t w o  I  p r o f i l e s  1 2 "  x  5 1 / 4 "  w i t h  

6 6  k g / m .  e a c h ,  w i t h  a d d i t i o n a l  

r e i n f o r c e m e n t  c o n s i s t i n g  o f  s t e e l  

p l a t e s  w e l d e d  t o  t h e  p r o f i l e s  i n 
o r d e r  t o  o b t a i n  a t o t a l  w e i g h t  of  
18 6  k g / m .

F i g u r e  3 s h o w s  a  c r o s s  s e c t i o n  of  
s u c h  a  p i l e  a n d  t h e  d i s p o s i t i o n  of  
t h e  p i l e  i n  t h e  c a i s s o n .

T o p  o f  p i l e s w a s  a t  e l e v a t i o n  - 2 5  

m . i n  o r d e r  t o  g u a r a n t e e  b u c k l i n g  

r e s i s t a n c e  i n  c a s e  o f  e r o s i o n  a n d  

a m i n i m u m  p e n e t r a t i o n  o f  3 m .  i n  

t h e  c a s i n g .

So m e  o f  t h e  c a s i n g s  w e r e  r e d r i v e n  

t o  a c h i e v e  t h a t  s p e c i f i c a t i o n .

F i n a l l y  t h e  c a s i n g  w a s  c l e a n e d  

o u t  a n d  c o n c r e t e  n o r m a l l y  p o u r e d  

t h r o u g h  t r e m i e .

F I G U R E  4

F i g u r e  4 s h o w s  t h e  e q u i p m e n t  i n

u s e .  A t  t h e  r i g h t  h a n d  c a i s s o n  a

s t e e l  p i l e  i s  b e i n g  p u t  i n  p o s i t i o n
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b)  -  The sec ond k i ndof  pr obl ems  r esul t ed f r om 
t he l ack  of  ex per i enc e i n t he t ec hni ques  
of  us i ng bent oni t e s l ur r y  and c onc r et e 
pour i ng wi t h t r emi e.

The pr obl ems  wi t h bent oni t e wer e sol ved 
wi t h cont i nuous  t es t i ng i n a c ompl et e 
f i el d l abor at or y ,  s t udy i ng t he bes t
dens i t y  and v i s c os i t y  t o be used.  Af t er  
some t i me t he t ec hni c i ans  wer e per f ec t l y  
abl e t o s pec i f y  c or r ec t l y  t he v ompos i t i on 
of  t he bent oni t e s l ur r y ,  t he r emov al  of  
sand gr ai ns ,  e t c . . 4

As f or  t he use of  t r emi e,  onl y  i n t wo 
c ai s s ons ,  i mpor t ant  pr obl ems  wer e f bund.

I n t he f i r s t  cai sson t o be f i ni shed wi t h
6. 1, 55 m.  l ong,  dur i ng conc r et e pour i ng 
when c onc r et e r eac hed el ev at i on - 39, 5 m.  
a r educ t i on i n t he nec es s ar y  ef f or t  t o 
r et r i eve t he t r emi e was  ver i f i ed.

Pour i ng was cont i nued and,  when f i n i s hed 
t he t r emi e r e t r i ev al ,  16, 7 met er  of  t he 
t ot al  l onght  wer e mi s s i ng,  s howi ng t hat  
a r eas onabl e quant i t y  of  bent oni t e wa6 
mi xed i n t he c onc r et e,  pr obabl y  c aus i ng 
a c ompl et e i nt er r upt i on of  t he conc r et e 
c o l u mn .

Even k nowi ng t hat  t hi s  cai ss on was not  
t o be used a l oad t est  was  per f or med 

( f i g*  5) .

L OA D  - (t )

D ES I GN ED  W ORKI NG LO A D  4 3 8  ♦.

M AX I M UM  S E T T L E M E N T  4 0 , 3 6  m m.

R E S I D U A L  S E TTL E M E N T 3 7 , 3 2  m m .

Up t o apr ox i mat e l y  420 t on.  t ot al  
s et t l ement  was 3, 5 mm but  f r om t hat  l oad 
on s et t l ement  i nc r eas ed r api dl y  t o 40 mt n 
wi t h 5 35 t o n .

I n t hi s  l oad t es t  r eac t i on was  pr ov i ded 
by t r ac t i on of  t wo s t eel  cas i ngs  1, 5 m.  
i n d i amet er  and 27, 0 m.  l onght  dr i v en 
4, 5 m.  cent er  t o cent er  f r om t he t es t ed 
c a i s s on .

Thes e t wo cas i ngs  wer e af t er war ds  used 
f or  t wo cai ss ons  t o r epl ace t he f aul t y  
on e .

Af t er  t hat  ac c i dent  a new t r emi e was 
pr ov i ded and pour i ng was f l awl ess .  Onl y  
i n one case due t o a del ay  i n s uppl y  of  
conc r et e,  pour i ng was di s c ont i nued c i r ca 
20 mi nut es  and some bent oni t e was  
ent r apped i nt o t he conc r et e.

Us i ng t he pneumat i c  c hamber  bec aus e t he 
ac c i dent  was at  l ess t han 25 m.  deep t he 
c onc r et e was  r emov ed and t he c ai s s on 
comp l e t ed .

6 -  FI NAL RESULTS

The f oundat i on l a,  by now,  c ompl et e l y  f i ni shed.

Of  t he or i gi nal  105 c ai s s ons  apr ox i mat e l y  80 
wer e c ompl et ed ac c or di ng t he nor mal  pr oc edur e

The ot her s  wer e modi f i ed us i ng t he s t eel  pi l es  
I n t hose,  t he c as i ng was mai nt a i ned wi t h a 
mi ni mum of  25 m.  t o guar ant ee pr ot ec t i on 
agai ns t  buc k l i ng of  t he pi l es  i n case of  
e r o s i o n .

Mi n i mum penet r at i on of  t he pi l es  on t he cas i ng 
was of  3, 0 m.
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