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SYNOPSIS B o red  p i l e s  s i t u a t e d  i n  a row  o r  i n  a g ro u p  in f lu e n c e  one a n o th e r»  t h e i r  lo a d -  
b e a r in g  c a p a c i t y  i n c r e a s in g  o r  d e c re a s in g  i n  a c c o rd a n c e  w i t h  t h e i r  s p a c in g  i n  p la n  o r  a r ­
ra n g e m e n t. A m e thod  o f  c a lc u la t i o n  o f  th e  lo a d - b e a r in g  c a p a c i t y  o f  a  g ro u p  o f  p i l e s  was de­
duced  a c c o rd in g  to  w h ic h  th e  lo a d - b e a r in g  c a p a c i ty  o f  a p i l e  g ro u p  u s u a l ly  v a r ie s  b e tw e e n  
70/J and 150/j o f  th e  sura o f  th e  lo a d - b e a r in g  c a p a c i t ie s  o f  th e  i n d i v id u a l  p i l e s  c o n s id e re d  
s e p a ra te ly «  The c a lc u la t i o n  was i n  good a c c o rd a n c e  w i t h  t e s t  r e s u l t s .

I n  m o de l t e s t s  th e  i n t e r a c t io n  o f  a g ro u p  o f  p i l e s  s u b je c te d  to  v e r t i c a l  c e n t r ic  and e x -  
c e n t r i c  lo a d s  and to  h o r i z o n t a l  lo a d s  was in v e s t ig a te d  b y  means o f  p h o t o e la s t ic im e t r y ,  and 
th e  i s o s t a t i c  and th e  i s o c l i n i c  l i n e s  i n  th e  subbase o f  th e  p i l e  g ro u p  w ere  d e te rm in e d .

I n  s h a l lo w  fo u n d a t io n s  th e  in f lu e n c e  o f  th e  r i g i d i t y  o f  th e  s t r u c t u r e ,  i t s  fo u n d a t io n  and 
th e  c o m p r e s s ib i l i t y  o f  th e  fo u n d a t io n  s o i l  e x p re s s e d  b y  th e  c o m p r e s s ib i l i t y  c o e f f i c i e n t  on 
th e  d i s t r i b u t i o n  o f  th e  c o n ta c t  s t r e s s e s ,  on th e  r e l a t i v e  d e f le c t io n  o f  th e  fo u n d a t io n  and 
th e  e f f e c t  o f  th e  maximum b e n d in g  moment v /e re  in v e s t ig a te d .

The lo a d - b e a r in g  c a p a c i ty  o f  a g ro u p  o f  p i ­
le s  may be h ig h e r  o r  lo w e r  th a n  th e  sum o f  
th e  lo a d - b e a r in g  c a p a c i t ie s  o f  th e  i n d i v i ­
d u a l p i l e s ;  t h i s  has  been  p ro v e d  b y  m o de l 
t e s t s  as w e l l  as a c tu a l  m easu rem ents  i n  th e  
f i e l d .  The p i l e s  i n f lu e n c e  one a n o th e r  i n  
a c c o rd a n c e  w i t h  t h e i r  m u tu a l d is ta n c e ;  t h i s  
i n f lu e n c e  may be p o s i t i v e  o r  n e g a t iv e  and 
may be c a lc u la t e d .

When th e  u l t im a t e  lo a d  o f  th e  p i l e  i s  ex ­
ce ed e d , s l i d i n g  s u r fa c e s  o r ig in a t e  b e lo w  
th e  p i l e  w h ic h  pass a b o u t th e  p i l e  a t  a 
d is ta n c e  o f  x  and th e  s o i l  i s  p re s s e d  a lo n g  
th e  s l i d i n g  s u r fa c e  u p w a rd s . The d is ta n c e  
o f  th e  s l i d i n g  s u r fa c e  x  fro m  th e  p i l e  a x is  
was d e te rm in e e d  e x p e r im e n ta l ly  i n  dependen­
ce on th e  a n g le  o f  f r i c t i o n  o f  th e  s o i l  0 
and i s  shown i n  T a b le  1 b e lo w .

T a b le  1 . The r a d iu s  x  o f  th e  In f lu e n c e  Zone 
and V a lu e s
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o

oo
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C o e f f ic ie n t  o f c o o p e ra t io n OC

1 5 1 .0 1 .0 1 .0 1 .2 5 1 .3 5

1 /B
2 1 .0 1 .0 1 .1 1 .3 1 .5

> 6 
o r

> 2x
1 .0 1 .0 1 .0 1 .0 1 .0

I f  th e  s l i d i n g  s u r fa c e s  a b o u t tw o p i l e s  do 
n o t  to u c h , th e  p i le B  do n o t  i n f lu e n c e  each 
o th e r ,  a c t  s e p a r a te ly  and th e  lo a d - b e a r in g  
c a p a c i t y  o f  a p i l e  fo u n d a t io n  i s  th e  sum o f  
th e  lo a d - b e a r in g  c a p a c i t ie s  o f  th e  i n d i v i ­
d u a l p i l e s .

I f  th e  s l i d i n g  s u r fa c e s  i n t e r s e c t  and o v e r ­
la p  ( F i g . l ) ,  th e  s o i l  i n  th e  o v e r la p p in g  
zone i s  p re s s e d  upw a rd s  by b o th  a d jo in in g  
p i l e s ;  th e  lo a d - b e a r in g  c a p a c i t y  o f  b o th  
p i l e s  i s ,  c o n s e q u e n t ly ,  lo w e r  th a n  th e  sum 
o f  t h e i r  i n d i v id u a l  lo a d - b e a r in g  c a p a c i t ie s  
a p p l ie d ,  when th e  p i l e s  do n o t  in f lu e n c e  
each  o th e r .  The s l i d i n g  s u r fa c e s  a p p e a r in g  
a b o u t e v e ry  p i l e ,  may re a c h  b eyo n d  th e  ad ­
j o i n i n g  p i l e .  I n  th e  case t h a t  th e  s l i d i n g  
s u r fa c e  o f  th e  n e ig h b o u r in g  p i l e  re a c h e s  i n  
th e  v i c i n i t y  o f  th e  f i r s t  p i l e  o r  b eyo n d  i t ,  
th e  s o i l  b e tw e e n  th e  tw o  p i l e s  i s  n o t  p re s ­
sed u p w a rd s , b u t  -  due to  th e  s k in  f r i c t i o n  
o f  b o th  p i l e s  -  dow nw ards; i t  c o o p e ra te s  
w i t h  b o th  p i l e s  and in c re a s e s  t h e i r  lo a d -  
b e a r in g  c a p a c i t y .

I n  th e  d e te r m in a t io n  o f  th e  m a g n itu d e  o f  th e  
in f lu e n c e  o f  t h i s  c o o p e r a t io n  b e tw e e n  th e  
i n d i v id u a l  p i l e s  i n  a  g ro u p  i t  was assumed 
t h a t  th e  s o i l  was hom ogeneous as f a r  as th e  
d e p th  e q u a l 1 .5  t im e s  th e  w id th  o f  th e  p i l e  
fo u n d a t io n ,  t h a t  th e  p i l e s  w ere  b o re d  p i l e s  
and t h a t  th e  fo u n d a t io n  m o un ted  on  th e  p i ­
le s  d id  n o t  c o n t r ib u te  to  th e  lo a d - b e a r in g  
c a p a c i t y  o f  th e  p i l e s  b e lo w  i t .

671



2/64

F ig .  1 T h re e -d im e n s io n a l s k e tc h  (a )  and  
p la n  _£b) o f  tw o  c o o p e r a t in g  p i l e s .  
(B *=  B = R MT f o r  l 0 ^  x ,
B *=  B ( 2 - ¿ / x )  f o r  x  <  < 2x , 
B *=  0 f o r  A > 2 x

The c a lc u la t i o n  o f  th e  u l t im a t e  lo a d  o f  a 
g ro u p  o f  p i l e s  was base d  on th e  g e n e ra l 
e q u a t io n  used  f o r  th e  c a lc u la t i o n  o f  th e  
u l t im a t e  lo a d  o f  a fo u n d a t io n  s t r i p ,  w h ic h  
was su p p le m e n te d  w i t h  th e  c o e f f i c ie n t s  OCy,, 
cc » ot_* e x p re s s in g  th e  in f lu e n c e  o f  th e  

c o 8p e r a t io n  o f  fo u n d a t io n  s t r i p s ,  i f  s i t u a ­
te d  n e a r  each o th e r ,  w i t h  w h ic h  th e  a u th o rs  
had d e a l t  e a r l i e r .

The i n i t i a l  e q u a t io n  o f  th e  lo a d - b e a r in g  
c a p a c i ty  o f  c o o p e r a t in g  fo u n d a t io n  s t r i p s  
h as  th e  fo rm  o f

V r  °-5 “»• Br *r *  ?SDV q dq “q +
+ c N .s .d , .  oc_ ................................. (1)

i n  w h ic h  i t  was deduced fro m  B r in c h  Hanaen 
e q u a t io n  (1 9 6 1 ) .  The q u a n t i t i e s  N « ,  K , N 
d e n o te  th e  c o e f f i c ie n t s  o f  lo a d - b e a r in §  c 
c a p a c i ty ,  th e  in d e x  I  r e f e r r i n g  to  th e  
fo u n d a t io n  c o n s id e re d  i n  th e  c a lc u la t i o n ;  

oCy t <X-f * oC'c' a ro  ^he c o e f f i c ie n t s  e x p re s s ­
in g  th e  in f lu e n c e  o f  th e  c o o p e ra t io n  o f  tw o 
fo u n d a t io n s .  The v a lu e s  o f  th e s e  c o e f f i c ie n t s  
w h ic h  depend on th e  a n g le  o f  f r i c t i o n  o f  th e  
s o i l  0, on th e  w id th  o f  th e  fo u n d a t io n  
s t r i p s i  t h e i r  d e p th  and m u tu a l d is ta n c e  o f  
th e  fo u n d a t io n  s t r i p s  a re  g iv e n  i n  th e  book 
by M y s l iv e c  and K y s e la  (1 9 7 5 ) . When th e  
d e p th  o f  th e  fo u n d a t io n  base D *> 5B (  B b e in g  
th e  w id th  o f  th e  fo u n d a t io n  s t r i p  o r  th e  
d ia m e te r  o f  th e  p i l e ) ,  th e  f i r s t  te rm  o f  
E q , l  may be n e g le c te d ,  so t h a t  th e  u l t im a t e  
lo a d  o f  th e  fo u n d a t io n  s t r i p  I  i s

%, !  = *  = *  ( r 2DV q dq +

+  c  N a d  ) ( 2 )

when cc = 05». = « „ The v a lu e s  o f  th e  f a c t -

. . ( 3 )

o r  cc a re  g iv e n  i n  T a b le  I  f o r  th e  case  o f  
<T = 0 .6 6  p  . I f  cTi s  lo w e r , th e  v a lu e s  o f  
cc. f o r  # ? 0 a re  a ls o  lo w e r ,  th e  m inim um  
v a lu e s  ( OC < 1 ) b e in g  fo rm  B =7* Bq# 2 
h o ld s  f o r  fo u n d a t io n  s t r i p s  and i s  ta k e n  as 
a b a s is  f o r  th e  c a lc u la t io n  o f  th e  lo a d -  
b e a r in g  c a p a c i t y  o f  a p i l e  fo u n d a t io n .

I f  th e  c o o p e ra t io n  o f  tw o  p i l e s  (see  F i g . l )  
i s  c o n s id e re d ,  th e  s l i d i n g  s u r fa c e s  s i tu a t e d  
a t  th e  d is ta n c e s  o f  X j  and a b o u t th e
p i l e s  r e s p e c t iv e ly  i n t e r s e c t  i n  th e  p o in ts  
o f  V and W. S in c e  th e  d ia m e te rs  o f  b o th  p i ­
le s  a re  e q u a l,  Kj  = x »  • The in f lu e n c e  zone 
o f  e v e ry  p i l e  i s " d i v id e d  i n t o  s e c to r s .  I n  
th e  s e c to r  whose v e r te x  a n g le  i s  th e  
s l i d i n g  s u r fa c e s  o f  th e  tw o  n e ig h b o u r in g  
p i l e s  do n o t  i n t e r s e c t ,  th e  p i l e s  do n o t  i n ­
f lu e n c e  each o th e r  and th e  r e s p e c t iv e  p a r t  
o f  th e  lo a d - b e a r in g  c a p a c i ty  i s

1 a  1
i  i  / j i  i  

V t  “  2  X  q m l

w here  i s  th e  u l t im a t e  lo a d - b e a r in g
c a p a c i ty  o f  an in d e p e n d e n t p i l e ,  OC= 1*0.

The s l i d i n g  s u r fa c e s  i n t e r s e c t  i n  th e  p o in t i  
o f  V and V/ c o r re s p o n d in g  w i t h  th e  v e r te x  
a n g le  .  The l i n e  segm ent WV i s  d iv id e d  
i n t o  m in o r  s e c to r s  30 t h a t  a/3j  -
= £  2/S j  ; . The s e c to r  '  */h4 0  c o r re s p o n d s  
w it h  t f ie  l i n e  s e c to r  V *  VT*' d e f in e d  on  th e  
l i n e  VvV b y  th e  s t r i p e  o f  th e  w id th  B *  • I n  
t h i s  s e c to r  th e  r e s p e c t iv e  p a r t  o f  th e  load - 
b e a r in g  c a p a c i t y  due to  th e  c o o p e r a t io n  o f  
2 n e ig h b o u r in g  p i l e s  i s  c a lc u la te d  fro m  
E q. 2 l i k e  f o r  p a r a l l e l  s t r i p e s  sp ace d  a t  
1 o f  th e  w id th  B . T h e re fo re ,  i n  t h i s  se c to . 
s vi = s .  = s ^  = 1 and th e  c o e f f i c i e n t  cc 
i s  d e te rm in e d  fro m  T a b le  1 . F ig .  1 shows a l  
so th e  p a r t i a l  s e c to r  i  = 1 v / i t h  th e  v e r te x  

a n g le  2/3 j , i  = 2/1m  • I n  m id d le  o f  
th e  l i n e  s e c to r  , d e f in e d  on  th e  l i n e  
VW b y  th e  arms o f  th e  a n g le  th e re
i s  th e  p o in t  Z i  w h ic h  i s  th e  p r o je c t i o n  o f  
th e  l i n e  o f  i n t e r s e c t io n  Z]_ o f  th e  p la n e s
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dC4 and  3£z . The le n g th  o f  O r  z>fOr = a+^  =
= / t j '  ̂ i n  r e la t i o n  to  th e  w icTth o r  th e  p i l e  
i s  d e c is iv e  f o r  th e  d e te r m in a t io n  o f  th e  v a ­
lu e s  o f  th e  c o e f f i c i e n t  cc ( a c c o r d in g  to  
T a b le  1)»  e x p re s s in g  th e  c o o p e r a t io n  o f  p i ­
l e s ,  whose r e l a t i v e  d is ta n c e  i s  1 ^  /B ,  B 

b e in g  e q u a l 2R.

The s e c to r  w i t h  th e  v e r te x  a n g le  2 $44 c o r ­
re s p o n d s  w i t h  th e  p a r t  o f  th e  u l t im a t e  lo a d

q m l , l

l q -----------  .
2 ot  qm l , l

( 4)

en \  i  i  i s  th e  lo a d - b e a r in g  c a p a c i ty  

lc u la x e à  a c c o rd in g  to  E q . 1 f o r  th e  p i l e

when

c a lc u la ^ e c l' ' ’a c c o rd in g  to  E q . 1 f o r  th e  p i l e  
w id th  B c o n s id e r in g  th e  c o e f f i c i e n t  oC de­
te rm in e d  f o r  th e  r e l a t i v e  d is ta n c e  1, ^ / B .

I n  th e  s e c to r s  /3 j, i  f ° r  i  ^  1 th e  v a lu e s  
o f  Syt  • s ^  a re ' c o n s id e re d  as i n  th e  ca ­
se o r  an in d e p e n d e n t p i l e .  The u l t im a t e  lo a d  
o f  e v e ry  p i l e  i s  ( F i g . l )  -  f o r  j  = n  = 1

l qml  + qm l , i

(ty f h  * f  %,i *%i,ù ■■ ( 5a)

When a  m a jo r  num ber o f  p i l e s  c o o p e ra te s , th e  
p ro c e d u re  i e  a n a lo g o u s . I n  such  a ca se  th e r e  
may be s e v e r a l  ( j ) s e c to r s  o f  c o o p e r a t io n  
w i t h  th e  n e ig h b o u r in g  p i l e s  and s e v e r a l se c ­
t o r s  ( n ) ,  i n  w h ic h  th e  n e ig h b o u r in g  p i l e s  do 
n o t  in f lu e n c e  one a n o th e r .  The r e s u l t i n g  
e q u a t io n  may be w r i t t e n  i n  th e  fo rm  o f

V E  = ? W, t ) ( 5b)

The lo a d - b e a r in g  c a p a c i t y  o f  p i l e s  i n  a 
g ro u p  a c c o r d in g  to  F ig .  2 was in v e s t ig a te s  
i n  a  c o h e s iv e  s o i l  ( a )  and i n  lo o s e  s o i l ( b ) .

aI y = 5°
c = 50 kN/ rrf  
y = 20 kN/ rn3

W- Æ)

2 0  l o/ RB=2R = Q5m 
D =8m

F ig .  2 U l t im a te  lo a d  q ^ j  o f  a p i l e  i n  g ro u p  

p lo t t e d  a g a in s t  th e  u l t im a t e  lo a d  

q m l  a  s i n S l e p i l e *

F o r v a r io u s  r e l a t i v e d is ta n c e s  l / B  be tw e e n  
p i l e s  th e  r a t i o  o f  qmj / q ^ j  a re  re p re s e n te d  

in  F ig .  2 .  From t h i s  and  s i m i l a r  a n a ly s e s  i t  
f o l lo w s  t h a t  f o r  th e  d is ta n c e  o f  1 <  2x ,

when < 2 0  , th e  lo a d - b e a r in g  c a p a c i t y  o f  
e v e ry  p i l e  i s  lo w e r  ( F ig * 2 ,  c u rv e  a )  th a n  
i t  w o u ld  b e , i f  th e  p i l e s  d id  n o t  in f lu e n c e  
each o th e r .  T h e r e fo r e ,  th e  d is ta n c e  o f  th e  
p i l e s  i n  th e s e  s o i l s  s h o u ld  exceed  2x  to  
p re v e n t  th e  p i l e s  fro m  e x e r c iz in g  u n fa v o u r ­
a b le  in f lu e n c e  on each  o th e r .  I n  th e  s o i l s  
w i t h  f  >  2 5 °  th e  lo a d - b e a r in g  c a p a c i t y  o f  
th e  p i l e s  i s  maximum, when t h e i r  s p a c in g  a t  
c e n t r e s  i s  10 = 4H ( F ig . 2 , c u rv e  b ) .  E ven  i n  
t h i s  ca se  m arked  r e d u c t io n  o f  lo a d - b e a r in g  
c a p a c i t y  o c c u rs ,  when 9 <  l / R  <  2 0 . The c a l ­
c u la te d  u l t im a t e  lo a d  f o r  b o re d  p i l e s  i n  a 
g ro u p  f o r  th e  d e p th  o f  th e  fo u n d a t io n  base  
o f  D >  5B v a r ie s  i n  v a r io u s  c a se s  be tw e e n  
B0%> and 150# o f  o ' ,  , when th e  a n g le  o f  
f r i c t i o n  o f  th e  s o t i  and th e  p i l e s k i n  ^
O 0 .6 6  The case i n  w h ic h  qmj  >  q ^  
may a r is e  i n  th e  s o i l s  whoee a n g le  o f  i n t e r ­
n a l  f r i c t i o n  / > 1 5 ° *  I f  i s  lo w e r ,  th e  
lo a d - b e a r in g  c a p a c i ty  o f  th e  p i l e s  i s  re d u c ­
ed by aB much as 1 /3  o f  th e  v a lu e  c a lc u la t e d  
f o r  c o a rs e  p i l e s  a c c o r d in g  to  E q . 5 b . The 
v a lu e s  o f  th e  lo a d - b e a r in g  c a p a c i t y  o f  th e  
p i l e s  i n  a g ro u p  c a lc u la te d  b y  th e  a fo r e  
m e n t io n e d  m e th o d  a g re e  w e l l  w i t h  th e  r e s u l t s  
o f  m o de l lo a d in g  t e s t s  c a r r ie d  o u t  b y  many 
a u th o rs  and w i t h  th e  r e s u l t s  o f  i n - s i t u  
lo a d in g  t e s t s  c a r r ie d  o u t  a t  S iX k o v ic e .

The c o n te m p o ra ry  p ro g re s s  o f  b o r in g  te c h ­
n iq u e s  and th e  m anner o f  p r o d u c t io n  o f  c a s t -  
in - p la c e  p i l e s  made th e  p ro b le m  o f  th e  
s t r u c t u r a l  a n a ly s is  o f  th e s e  s t r u c tu r e s ,  
p a r t i c u l a r l y  th e  p ro b le m  o f  th e  o v e r a l l  i n ­
t e r a c t io n  o f  th e  s o i l - p i l e - s t r u c t u r e  sys te m  
come to  th e  fo r e -  The m e th o ds  o f  a n a ly s is  
u sed  so f a r  a re  g e n e r a l l y  based  on th r e e  
th e o r ie s ,  v i z .  th e  p i l e  c a p a c i t y  th e o r y ,  th e  
th e o r y  o f  th e  s t r e s s  fu n c t io n s  o f  th e  s h a f t  
( s k in )  r e s is t a n c e  and p o in t  r e s is t a n c e ,  th e  
th e o r y  o f  th e  b e a r in g  c a p a c i t y  o f  s t r i p  
fo o t in g s  a t  a g r e a t  d e p th  and on e x p e r im e n t­
a l  o r  s e m ie m p ir ic a l  t h e o r ie s .  A p ro b le m  
a p a r t  i s  th e  sys tem  o f  lo a d in g  a c t in g  i n  
p la c e  and t im e ;  i n  th e  a n a ly s is  t h i s  lo a d in g  
i s  id e a l iz e d  as s t a t i c  lo a d ,  dynam ic  lo a d ,  
s h o r t  te rm  lo a d  o r  lo n g  te rm  lo a d ;  m o re o v e r 
i t  i s  d i f f i c u l t  t o  com pare  th e  r e s u l t s  o f  
th e  lo a d in g  t e s t s  w i t h  a c tu a l  c o n d i t io n s .
F o r t h i s  re a s o n  a p i l e  g ro u p  was s u b je c te d  
to  c o n s id e r a b le  l a b o r a to r y  and t h e o r e t ic a l  
i n v e s t i g a t i o n  and th e  r e s u l t s  w e re  c o n f r o n t ­
ed w i t h  th e  p i l e  lo a d in g  t e s t s  i n  th e  f i e l d .  
The i n v e s t ig a t io n s  w ere  c a r r ie d  o u t  b y  th e  
B e g g s -B la z e k  m ethod  (S im ek 1 9 6 6 ) , m ode l 
t e s t s  on th e  s c a le  o f  1 : 15 (S im ek 1 9 7 2 ) 
and th §  p h o t o e la s t ic im e t r i c  m ethod  ( N w e la t i  
1973 , S im ek 1 9 7 5 )*  The s u b je c t  o f  th e  i n ­
v e s t ig a t io n s  was th e  b a s ic  sys te m  o f  a  row  
o f  p i l e s  (see  F ig » 3 ) ;  th e  o v e r a l l  r e s u l t s  
o f  th e  d i s t r i b u t i o n  o f  th e  n o rm a l and s h e a r ­
in g  fo r c e s  f o r  th e  v e r t i c a l  lo a d  can  be ob ­
se rv e d  i n  F ig .  4a f o r  a  p i l e  g ro u p  whose end 
p i l e s  a re  b a t te r e d  and i n  F ig .4 b  f o r  a p i l e  
g ro u p  o f  v e r t i c a l  p i l e s  o n ly .  The in f lu e n c e  
o f  h o r i z o n t a l  f o r c e s  on  a  g ro u p  o f  p i l e s  i s  
shown i n  F ig .  5» w he re  a ls o  th e  in f lu e n c e  
o f  th e  h o r i z o n t a l  f o r c e  a p p l ie d  to  th e  to p  
o f  th e  p i l e  and to  th e  u p p e r  edge o f  th e  
fo u n d a t io n  s t r u c t u r e  may be  o b s e rv e d . F o r  
th e  i n v e s t i g a t i o n  o f  th e  i n t e r a c t io n  o f  th e

673



2/64

P ig .  3 S ystem  o f  
a row  o f  p i l e s .
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4 D i s t r i b u t i o n  o f  th e  n o rm a l and  
s h e a r in g  fo r c e s  f o r  th e  d e c e n t r ic  
and th e  c e n t r i c  lo a d .

p i l e  g ro u p  and th e  fo u n d a t io n  s o i l  th e  p h o - 
t o e la s t i c i m e t r i c  m e th o d  was s e le c te d *  The 
i n v e s t ig a t io n s  w ere  baaed  on  th e  a s c e r t a in ­
m ent o f  i s o c l i n i c s  and is o c h r o m a t ic s  and 
th e  g ro u p in g  o f  i s o c l i n i c s  i n  th e  v i c i n i t y  
o f  s in g u la r  p o in t s .  The r e s u l t i n g  is o c h r o -  
m a t ic  and i s o c l i n i c  c u rv e s  w e re  o b ta in e d  
fro m  th e  p h o to g ra p h s  o f  th e  m o d e ls  i n  r i n g  
p o l a r i z a b i l i t y  and su p p le m e n te d  b y  th e  d raw ­
in g  i n  an e n la rg e m e n t a p p a ra tu s .

The c o n c lu s io n s  o f  a l l  f o u r  m e thods o f  i n ­
v e s t ig a t io n *  i n c l .  th e  lo a d in g  t e s t s  i n  th e  
f i e ld »  o f  a g ro u p  o f  two p i l e s  o f  d ia .  B = l,  
spaced  a t  1 .8  m c e n tre s »  a f f o r d  th e  f o l lo w ­
in g  c o n c lu s io n s  f o r  p r a c t i c a l  d e s ig n :
-  The a ssessm e n t o f  th e  t e s t s  h a s  shown 
t h a t , i n  a g re e m e n t w i t h  th e  fo r m e r ly  pub­
l is h e d  r e p o r t s ,  a t h i n  l a y e r  o f  s o i l  1 .0  -  
3 .0  cm t h i c k  moves a lo n g  w i t h  th e  p i l e .
-  The use  o f  b a t te r e d  p i l e s  can  be s a f e ly  
a v o id e d , i f  p e r m it te d  b y  g e o lo g ic a l  c o n d i­
t i o n s ,  even  i n  th e  case o f  p i l e  fo u n d a t io n s  
lo a d e d  ba  a m a jo r  h o r i z o n t a l  f o r c e .  The i n ­
f lu e n c e  o f  th e  b a t te r e d  p i l e s  o n  th e  s t a b i ­
l i t y  can  be f e l t  o n ly  i n  a g ro u p  o f  p i l e s  
rammed o n ly  s h a l lo w ly  i n t o  th e  s u p p o r t in g
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F ig .  5 D i s t r i b u t i o n  o f  th e  n o rm a l f o r c e s  
and b e n d in g  m om ents f o r  th e  h o r i ­
z o n t a l  lo a d .

s o i l  o r  b e a r in g  on th e  ro c k  b a s e . I f  th e  
p i l e s  a re  rammed to  50% o f  t h e i r  l e n g th , t h e  
in f lu e n c e  o f  b a t te r e d  p i l e s  i s  n i l .  P e rm is ­
s i b l e  h o r i z o n t a l  p i l e  c a p a c i t y  -  p r o v id e d  
th e  p i l e s  a re  f u l l y  im m ersed i n  th e  s o i l  
and t h e i r  to p s  a re  c o n n e c te d  b y  a  fo u n d a ­
t i o n  s t r u c t u r e  ( fo u n d a t io n  s la b ,  f o u n d a t io n  
s t r i p )  -  may be 200  kN f o r  B =0*7  m, 300 kN 
f o r  B = 0 .9  4-00 kN f o r  B=1 t  1 *1  m, and 
500 kN f o r  B > 1 .2 0  m. A c o m p a ris o n  o f  th e o ­
r e t i c a l  r e s u l t s  r e v e a ls  t h a t  th e  D a v is s o n -  
G i l l  m e thod  (1 9 6 3 ) i s  n e a r e s t  th e  a c tu a l  
t e s t  r e s u l t s .
-  The s p a c in g  o f  p i l e s  a t  c e n t r e s  may be  sa­
f e l y  s e le c te d  a t  m in .  1 .5  " 1 * 7  B ; th e  g ro u p  
e f f i c i e n c y  e q u a ls  o n e .
-  U nd e r e c c e n t r ic  lo a d  th e  t h e o r e t ic a l  lo a d  
o f  a m a x im a lly  lo a d e d  p i l e  (ro w  o f  p i l e s )  
may exceed  b y  as much a s  50% th e  p e r m is s ib le  
p i l e  c a p a c i t y  d e te rm in e d  by th e  t e s t  o r  c a l ­
c u la t i o n .
-  The p e r m is s ib le  p i l e  c a p a c i ty  may be d e te r  
m ine d  fro m  th e  e q u a t io n

VR = 1 .3  A q f  + ^  a sDi q s i  (6 )

w he re  a r e :q ^  -  th e  p e r m is s ib le  b e a r in g  capa ­

c i t y  a t  p i l e  p o in t ,  a c c o rd in g  t o  th e  s t r i p  
f o o t in g  th e o r y ;  a -  a re a  o f  p i l e  s u r fa c e  
i n  le n g th  D. i n  c o n ta c t  w i t h  s o i l ,  A -  a re a  
o f  p i l e  p o i i l t ,  D i -  in c re m e n t o f  p i l e  le n g th  
q8i  = £ * iD j. tg  (3 /;4  0 /R ) + o ' "  = u n i t  s h a f t  
r e s is t a n c e  and 0 * -  re d u c e d  e f f e c t i v e  f r i c ­
t i o n  a n g le ,  r e d u c t io n  f a c t o r  0. 9» c -  r e ­
duced  e f f e c t i v e  c o h e s io n , r e d u c t io n  f a c t o r  
0 .5 *
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