
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


Session 5

Piles and Pile Foundations, Settlements of Pile Foundations

Pieux et fondations sur pieux, tassements de ce genre de fondations 

G e n e r a l  R e p o r t

b y  R . B . P e c k , R e s e a r c h  P r o f e s s o r  o f  S o il M e c h a n ic s , U n iv e r s i ty  o f  I l l in o is ,  U r b a n a ,  111., U .S .A .

Introduction

(a) T h e  p e r io d  s in c e  1948 h a s  b e e n  m a r k e d  b y  a n  e x t r a 

o r d in a r y  n u m b e r  a n d  v a r ie ty  o f  s tu d ie s  c o n c e r n in g  p ile s  a n d  

p i le  f o u n d a t io n s ,  a s  w e ll a s  b y  a  m a jo r  c o n fe r e n c e  o n  th e  s u b 

j e c t  in  P a r is  in  1952. T h is  a c t iv i ty  in d ic a te s  n o t  o n ly  th e  im 

p o r t a n c e  o f  th e  s u b je c t ,  b u t  a ls o  th e  n e e d  a n d  m a r g in  f o r  

im p ro v e m e n t.

(b) N o tw i th s ta n d in g  th e  in te r e s t  in  p i le  f o u n d a t io n s ,  o n ly  

a  few  c o m p le te  c a s e  h is to r ie s  h a v e  b e e n  r e p o r te d  in  w h ic h  th e  

b e h a v io r  o f  th e  f in is h e d  s t r u c tu r e  is  n o te d  to g e th e r  w ith  th e  

p e r t in e n t  in f o r m a t io n  a b o u t  th e  p r o p e r t i e s  o f  t h e  su b s o i l  a n d  

th e  d e s ig n  o f  th e  f o u n d a t io n .  M o s t  o f  th e  a c tiv i ty  c a n  b e  

d iv id e d  in to  tw o  m a jo r  c a te g o r ie s .  T h e  f i r s t  o f  th e s e  c o n s is ts  

o f  th e  c o l le c t io n  o f  d a t a  r e g a r d in g  th e  b e a r in g  c a p a c ity  o f  p ile s  

in  th e  fie ld  o r  in  la rg e -s c a le  te s ts ,  c o m b in e d  w ith  a  r e c o r d  o f  

th e  a p p r o p r i a t e  in d e x  p r o p e r t ie s  o f  th e  s o ils , a n d  re v ie w e d  w ith  

r e fe re n c e  to  p r e d ic t io n s  b a s e d  o n  s ta t i c  th e o r ie s  o r  p e n e t r a t io n  

te s ts .  T h e  s e c o n d  c a te g o r y  c o n s is ts  o f  r e f in e m e n ts  o f  th e o r e t ic a l  

c o n c e p ts ,  o f te n  s u p p le m e n te d  b y  s m a ll- s c a le  te s ts  in  th e  f ie ld  o r  

l a b o r a to r y .  F in a l ly ,  a  few  n e w  p r o c e d u r e s  o f  c o n s t r u c t io n  a n d  

a  fe w  n e w  ty p e s  o f  p i le s  h a v e  b e e n  in t r o d u c e d  o r  im p ro v e d .

(c) I n  th is  r e p o r t ,  th e  C o n fe r e n c e  p a p e r s  re c e iv e  p r im a ry  

a t t e n t io n ,  b u t  re fe re n c e  w ill a ls o  b e  m a d e  to  m a t te r s  o f  in te r e s t  

c o n ta in e d  in  th e  A n n u a l  R e p o r t s  o f  th e  v a r io u s  n a t io n a l  s o 

c ie t ie s  a n d  to  a  fe w  s ig n if ic a n t  p a p e r s  p u b l i s h e d  e ls e w h e re . A  

s e le c te d  b ib l io g ra p h y  o f  th e  l a t t e r  is  a p p e n d e d .

(1) Case Histories

(a) T w o  p a p e r s  h a v e  b e e n  p r e s e n te d  c o n ta in in g  th e  r e s u l ts  

o f  s e t t le m e n t  o b s e rv a t io n s  o n  c o m p le te d  s t r u c tu r e s  w ith  p i le  

f o u n d a t io n s .  Meyerhof (5 /1 3 ) d e a ls  w ith  th e  a b u tm e n ts  o f  a  

b r id g e  e s ta b l is h e d  o n  p r e c a s t  c o n c r e te  p ile s  d r iv e n  th r o u g h  

a b o u t  8 f t . o f  c la y  a n d  8 ft. o f  lo o s e  s a n d  to  a  s t r a tu m  o f  fine  

d e n s e  s a n d .  T h e  r e s u l ts  o f  so il  te s ts ,  c o n e - p e n e t r a t io n  te s ts  a n d  

p i le - lo a d in g  te s ts  a r e  r e p o r te d .  T h e  s t r u c tu r e  s e t t le d  a b o u t  

0 .7 5  in c h , a lm o s t  e x c lu s iv e ly  d u r in g  c o n s t ru c t io n .

(b) T h e  s e c o n d  c a s e  h is to r y ,  b y  Lumpert (5 /1 1 ), r e fe rs  t o  a  

r e in fo rc e d -c o n c re te  c o a l  b in  e s ta b l is h e d  o n  u n c a s e d  c a s t- in -

p la c e  (E x p re s s  sy s te m )  p ile s  e x te n d in g  th r o u g h  a b o u t  4 0  f t . o f  

s o f t  p e a ts ,  s il ts  a n d  m a r ls  to  a  d e p o s i t  o f  s a n d y  lo a m  o n  w h ic h  

p e d e s ta ls  w e re  fo rm e d . T h e  d r iv in g  r e c o r d  a n d  th e  r e s u l ts  o f  

a  lo a d  te s t  o n  a  ty p ic a l  p i le  a r e  g iv e n ;  n o  in d e x  p r o p e r t ie s  o f  

t h e  so il  a r e  r e p o r te d .  T h e  f o u n d a t io n  s e t t le d  r a t h e r  r a p id ly  f o r  

a b o u t  8 c m , w h e re  i t  a t t a in e d  a  p o s i t io n  o f  e q u i l ib r iu m  a b o v e  

a n d  b e lo w  w h ic h  i t  m o v e s  in  a c c o r d a n c e  w ith  th e  lo a d  in  th e  

b in s . T h e  s e t t le m e n t  o f  th e  s t r u c tu r e  w a s  a b o u t  11 t im e s  t h a t  

o f  th e  te s t  p i le  u n d e r  t h e  s a m e  lo a d .

(2) Field Studies o f Bearing Capacity

( а )  S e v e ra l  o f  th e  C o n fe r e n c e  p a p e r s  s u m m a r iz e  th e  r e la t io n s  

b e tw e e n  th e  b e h a v io r  o f  te s t  p i le s  a n d  th e  r e s u l t s  o f  so il  te s ts . 

Nunes a n d  Vargas (5 /1 5 ) h a v e  r e p o r te d  th e  r e s u l ts  o f  lo a d  te s ts  

o n  11 p ile s  in  r e s id u a l  so ils  in  B ra z il ,  to g e th e r  w ith  th e  r e s u l ts  

o f  p e r t in e n t  so il  te s ts .  Golder (5 /8 ) h a s  s u m m a r iz e d  th e  r e s u l ts  

o f  lo a d  te s ts  o n  18 p ile s  in  E n g la n d ,  p r in c ip a l ly  in  L o n d o n ;  

m o s t  o f  th e s e  r e c o r d s  a r e  a ls o  s u p p o r te d  b y  a d e q u a te  d e s c r ip 

t io n s  o f  th e  c o r r e s p o n d in g  s o ils . I n  b o th  p a p e r s ,  th e r e  is  e v id 

e n c e  to  in d ic a te  a  r e a s o n a b le  a g r e e m e n t  b e tw e e n  th e  r e s u l ts  

o f  th e  te s ts  a n d  c o m p u te d  v a lu e s  b a s e d  o n  s ta t ic a l  c o n s id e ra 

t io n s .

(б) Golder (5 /8 ) a ls o  p r e s e n ts  d a t a  f ro m  6 lo c a t io n s  in d ic a t 

in g  th e  p r a c t ic a l  u s e fu ln e s s  o f  th e  D u tc h  c o n e  te s t  in  g ra v e ls  

a n d  s a n d s .  F u r t h e r  e v id e n c e  o f  th is  ty p e  is p r e s e n te d  b y  van 

der Veen (5 /1 6 ) in  a  d is c u s s io n  o f  th e  p o in t  r e s is ta n c e s  o f  19 p ile s  

d r iv e n  th r o u g h  s o f t  so ils  to  s a n d  in  th e  N e th e r la n d s .  T h e  

m e a s u re d  p o i n t  r e s is ta n c e  a g re e d  w ith  t h a t  e n c o u n te r e d  b y  th e  

c o n e  a p p a r a tu s  w ith in  th e  r a n g e  o f  7 5 %  to  1 8 0 % , w ith  o n e  

v a lu e  o f  2 4 0 %  o u ts id e  th is  r a n g e .  T h e  a r e a s  o f  th e  p o in t s  o f  

th e  p ile s  v a r ie d  f ro m  100  to  3 ,8 0 0  s q .c m .

(<r) Holtz a n d  Gibbs (5 /1 0 ) h a v e  p r e s e n te d  th e  r e s u l t s  o f  a  

fu l l- s c a le  te s t  p r o g r a m  to  d e te rm in e  th e  d r iv in g  re s is ta n c e  a n d  

lo a d - s e t t le m e n t  c h a r a c te r i s t ic s  o f  p ile s  d r iv e n  in to  lo e s s  w ith  

a  s t r o n g  c o h e s iv e  b in d e r .  T h e  e ffe c ts  o f  s o a k in g  th e  lo e s s  w e re  

a ls o  in v e s tig a te d .  T h e  p h y s ic a l  p r o p e r t i e s  o f  th e  d e p o s i t  w e re  

th o r o u g h ly  e x p lo re d  a n d  a d e q u a te ly  d e s c r ib e d .
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(id) A  few  a d d i t io n a l  r e c o r d s  c o n ta in in g  th e  r e s u l ts  o f  lo a d  

te s ts  a n d  a d e q u a te  so il  te s ts  h a v e  b e e n  p u b l i s h e d  d u r in g  th e  

la s t  5 y e a r s . R e fe r e n c e  is m a d e  to  a  l im ite d  n u m b e r  o f  th e s e  

in  th e  B ib l io g ra p h y .

(<?) T h e  im p o r ta n c e  o f  th e  r e c o r d s  o f  th e s e  f ie ld  te s ts ,  e a c h  

w ith  a d e q u a te  d e s c r ip t io n s  o f  th e  s u b s o il ,  c a n n o t  b e  o v e r 

e s t im a te d ;  o u r  fu n d  o f  g e n e ra l  k n o w le d g e  o f  p ile  f o u n d a t io n s  

h a s  b e e n  p e r m a n e n t ly  e n r ic h e d  b y  th e  s y s te m a tic  c o lle c t io n . 

E v e n  i f  n o  g e n e ra l  th e o r ie s  s h o u ld  b e  d e v e lo p e d , s u c h  e m p ir ic a l  

d a ta  w o u ld  a d v a n c e  th e  a r t  o f  f o u n d a t io n  e n g in e e r in g . M o r e 

o v e r ,  th e y  w ill se rv e  to  te s t  a n d  d e f in e  th e  lim its  o f  v a l id i ty  o f  

a n y  th e o r ie s  in  c u r r e n t  u s e  o r  l ik e ly  to  b e  p r o p o s e d  in  th e  fu tu re .

(3) Theoretical and Semi-Empirical Studies o f Static 

Analyses

(а) T h e  c o n s id e ra b le  n u m b e r s  o f  th e o r e t ic a l  a n d  e x p e r im e n 

t a l  s tu d ie s  o f  th e  b e a r in g  c a p a c ity  o f  f o o t in g s  d u r in g  th e  la s t  

5 y e a r s  h a v e  b e e n  re f le c te d  in  f u r th e r  s tu d ie s  o f  th e  b e a r in g  

c a p a c ity  o f  p i le s  o n  th e  b a s is  o f  p la s t ic i ty  m e th o d s .  S im ila r  

s tu d ie s  o f  th e  th e o r y  o f  c o n e  te s ts  h a v e  p e r m i t te d  a  m o r e  r a 

t io n a l  c o r r e la t io n  o f  th e  r e s u l ts  o f  c o n e  a n d  p i le - lo a d  te s ts . T h e  

p a p e r  b y  Meyer a n d  L'Herminier (5 /12 ) is  a n  e x a m p le . I t  s e e m s 

to  b e  th e  c o n c e n s u s  o f  o p in io n  t h a t  th e s e  m e th o d s  a r e  p r o 

m is in g . I n  s o m e  lo c a li t ie s  th e y  a r e  s u p p o r te d  b y  su f f ic ie n t  fie ld  

e v id e n c e  to  p e r m i t  th e  c o n c lu s io n  t h a t  th e y  a r e  a l r e a d y  s a t is 

f a c to ry  f o r  p r a c t ic a l  u s e ;  th is  is  e v id e n tly  th e  s i tu a t io n  in  

H o l la n d ,  B e lg iu m , a n d  p a r ts  o f  E n g la n d .  A n  in te r e s t in g  s u m 

m a ry  o f  th e  v a lu e  o f  p e n e t r a t io n  te s ts ,  w i th  e m p h a s is  o n  th e  

D u tc h  c o n e  p ro c e d u r e ,  w a s  p r e s e n te d  b y  Kanley (R e f . 3) in  

1951 a n d  w a s  d isc u sse d  b y  a  n u m b e r  o f  e x p e r ie n c e d  in d iv id u a ls .

(б ) T h e re  is p o s s ib ly  a  t r e n d  to w a r d  th e  o p in io n  t h a t  b e t te r  

r e s u l ts  f o r  p ile s  in  g r a n u la r  s o ils  a r e  o b ta in e d  i f  th e  v a lu e s  o f  

th e  a n g le  o f  in te r n a l  f r ic t io n  a r e  c o m p u te d  o n  th e  b a s is  o f  th e  

c o n e  te s ts  a n d  th e n  u ti l iz e d  in  th e  s ta t ic a l  c o m p u ta t io n  o f  th e  

b e a r in g  c a p a c ity ,  t h a n  i f  th e  p e n e t r a t io n  r e s is ta n c e s  f ro m  th e  

c o n e  te s ts  a r e  c o n s id e re d  a p p l ic a b le  w i th o u t  m o d if ic a tio n  to  

th e  fu ll-s iz e d  p ile .

(c) N o t  a l l  c o n t r ib u to r s  to  th e  C o n fe r e n c e  P ro c e e d in g s  a g re e  

to  th e  r e l ia b i l i ty  o f  s ta t ic  p e n e t r a t io n  te s ts . S o m e  o f  th e  e v i

d e n c e  a g a in s t  s u c h  te s ts  is p r e s e n te d  b y  Cambefort (5 /6 ). T e s ts  

o n  s m a ll  p ile s  in  n a tu r a l  so il  in d ic a te d  t h a t  th e  u l t im a te  p o in t  

lo a d  p e r  u n i t  o f  a r e a  w a s  n o t  in d e p e n d e n t  o f  th e  d ia m e te r  o f  

t h e  p ile , a s  is c o m m o n ly  a s s u m e d  in  th e  i n t e r p r e ta t io n  o f  p e n e 

t r a t io n  te s ts .  H o w e v e r , s in c e  th e  c h a r a c te r  o f  th e  b e a r in g  s t r a 

tu m  in  th e s e  te s ts  w a s  q u i te  e r r a t ic ,  th e r e  is r e a s o n  to  re se rv e  

f in a l j u d g m e n t  u n t i l  m a n y  m o r e  s im ila r  te s ts  a r e  p e r fo r m e d .

(d ) T h e  d iv is io n  o f  th e  s u p p o r t in g  c a p a c ity  o f  a  p ile  b e tw e e n  

p o in t  r e s is ta n c e  a n d  sk in  f r ic t io n  h a s  a ls o  re c e iv e d  c o n s id e ra b le  

a t t e n t io n .  S e v e ra l in s ta l la t io n s  h a v e  b e e n  m a d e  o f  s t r a in  g a g e s  

to  m e a s u re  th e  t r a n s f e r  o f  lo a d  f ro m  p ile  to  so il  a s  a  f u n c t io n  

o f  th e  le n g th  o f  th e  p ile . T w o  in s ta l la t io n s  h a v e  b e e n  d e s c r ib e d  

b y  Cambefort, o n e  f o r  a  p i le  a t  G e n n e v i l l ie r s  (R e f . 7) a n d  th e  

o th e r  a t  V itry  (5 /5 ). S im ila r  te s ts  w e re  m a d e  in  th e  U n i te d  

S ta te s  o n  th e  A tc h a f a la y a  F lo o d w a y  in  L o u is ia n a  (R e f . 4 ) a n d  

a t  th e  Q - S tr e e t  V ia d u c t  in  O m a h a  (R e f . 5).

(e) I n  th e  A tc h a f a la y a  te s ts ,  s t r a in  g a g e s  w e re  e s ta b l is h e d  in  

p a i r s  a t  in te rv a ls  o f  5 ft. in  th e  v e r t ic a l  d i r e c t i o n ; th e  g a g e s  o f  

e a c h  p a i r  w e re  lo c a te d  a t  o p p o s i te  e n d s  o f  a  d ia m e te r  t o  p e r m i t  

c o r r e c t io n  f o r  b e n d in g . T o  p ro v id e  a  c h e c k  o n  th e  a v e ra g e  o f  

tw o  g a g e - re a d in g s , tw o  a d d i t io n a l  g a g e s  w e re  o c c a s io n a l ly  p r o 

v id e d  o n  th e  d ia m e te r  a t  r ig h t  a n g le s . T h e  e r r o r  in  th e  lo a d  

in  th e  p i le  d u e  to  s c a t te r in g  in  th e  g a g e  re a d in g s  w a s  a s  m u c h  

a s  3 9 % ; th e  e r r o r  d u e  to  b e n d in g , i f  u n c o r re c te d ,  w a s  m u c h

la rg e r .  F o r  th e  p i le  o f  G e n n e v il l ie r s ,  Cambefort n o te d  t h a t  th e  

lo a d  in  th e  p i le  w a s  a  m in im u m  n e a r  m id - le n g th  a n d  in c r e a s e d  

s u b s ta n t ia l ly  to w a r d  th e  p o in t .  S in c e  th e  g a g e s  w e re  lo c a te d  

a lo n g  o n ly  o n e  e le m e n t  o f  th e  c y l in d e r  o f  th e  p ile , th e  o b s e rv e d  

e ffe c t m ig h t  h a v e  b e e n  d u e  t o  b e n d in g . T h e  p i le  a t  V itry  

f u rn is h e d  v e ry  d if fe re n t  r e s u l t s ;  in  th is  c a s e  th e  g a g e s  w e re  

lo c a te d  a lo n g  th e  c e n t r a l  a x is  o f  th e  p ile .

( / )  T h u s  fa r ,  a l l  th e  f ie ld  te s ts  f o r  d e te r m in in g  th e  d i s t r ib u 

t io n  o f  s h e a r in g  fo rc e s  a lo n g  p ile s  h a v e  b e e n  o f  s h o r t  d u r a t io n .  

T h e  f in a l  d i s t r ib u t io n  m a y  d if fe r  r a d ic a l ly  f ro m  t h a t  o b s e rv e d  

in  th e  s h o r t - t im e  te s ts . I t  a p p e a r s  t h a t  lo n g - t im e  te s ts  w ill b e  

c o m p e l le d  t o  a w a i t  th e  d e v e lo p m e n t  o f  s t r a in  g a g e s  c a p a b le  

o f  f u rn is h in g  r e l ia b le  r e s u l ts  f o r  s e v e ra l  y e a r s  u n d e r  a d v e r s e  

c o n d i t io n s .

(4) Theories and Observations o f Pile Groups

(а )  S e v e ra l  s tu d ie s  h a v e  b e e n  m a d e  o f  th e  r e la t io n s  b e tw e e n  

th e  c a p a c it ie s  o f  s in g le  p ile s  a n d  o f  s im ila r  p i le s  in  g ro u p s .  

T h e s e  in c lu d e  th e  lo a d in g  to  f a i lu r e  o r  n e a r - f a i lu r e  o f  fu ll-s iz e  

g r o u p s  o n  th e  A tc h a f a la y a  F lo o d w a y  a n d  o n e  g r o u p  a t  th e  

Q -S tr e e t  V ia d u c t  in  O m a h a  in  th e  U .S .A .,  a s  w ell a s  th e  s m a ll-  

s c a le  te s ts  r e p o r te d  b y  Cambefort (5 /5 ).

(б) A ll th e  fu ll- s c a le  te s ts  h a v e  s e v e ra l  f e a tu re s  t h a t  m a k e  it  

d if f ic u lt  to  d r a w  g e n e ra l  c o n c lu s io n s . T h e  s p a c in g  o f  th e  p ile s  

w a s  u s u a l ly  s u c h  t h a t  g r o u p  a c t io n  w o u ld  n o t  n e c e s s a r i ly  b e  

e x p e c te d , th e  f a i lu re  lo a d s  w e re  n o t  w e ll d e f in e d , a n d  th e  r e s u l t s  

o f  th e  s in g le -p ile  c o n t r o l  te s ts  w e re  e r r a t ic .  I n  c o n n e c t io n  w ith  

th e  Q -S tr e e t  g r o u p ,  th e  so il  p r o p e r t i e s  w e re  in v e s tig a te d  b y  

m e a n s  o f  te s ts  s o m e w h a t  i n a p p r o p r i a t e  t o  th e  c o n d i t io n s .

(c ) T h e  e x te n s iv e  s m a ll- s c a le  te s ts  b y  Cambefort (5 /5 )  in 

c lu d e d  c o m p le te  lo a d  a n d  p e n e t r a t io n  d a t a  f o r  p ile s  o f  s e v e ra l  

d ia m e te r s  te s te d  s in g ly  a n d  in  g r o u p s  o f  v a r io u s  a r r a n g e m e n t .  

T h e  p ile s  w h e re  p u s h e d  in to  a  n a tu r a l  d e p o s i t  o f  s e v e ra l  la y e rs , 

o f  w h ic h  th e  lo w e r m o s t  se e m s  to  h a v e  b e e n  o f  q u i te  v a r ia b le  

re s is ta n c e . T h e  p r o g r a m  o f  te s ts  w a s  s u c h  t h a t  s o m e  o f  th e  p ile s  

w e re  lo a d e d  s e v e ra l  t im e s  in  o n e  s e rie s  o f  te s ts ;  a t  th e  c o m p le 

t io n  o f  th e  te s ts ,  s o m e  o f  th e  p ile s  h a d  p e n e t r a te d  a t  le a s t  3 in c h e s  

b e lo w  th e i r  s ta r t in g  p o s i t io n  a t  w h ic h  th e  s in g le -p ile  c a p a c ity  

w a s  d e te rm in e d .  I t  s e e m s  p r o b a b le  t h a t  th e  s in g le -p ile  c a p a c ity  

w a s  a l te r e d  d u r in g  th is  p e n e t r a t io n .  F u r th e r m o r e ,  th e  s in g le 

p i le  c a p a c it ie s  w e re  e x tre m e ly  v a r ia b le  a m o n g  th e m s e lv e s . 

H e n c e , i t  is d o u b t f u l  i f  a n y  g e n e ra l  c o n c lu s io n s  r e g a r d in g  g r o u p  

a c t io n  s h o u ld  b e  d r a w n  f ro m  th e  te s ts .  T h e  in f o r m a t io n  s t r ik 

in g ly  i l lu s t r a te s  th e  c o n s e q u e n c e s  o f  th e  v a r ia b i l i ty  in  th e  c h a 

r a c te r  o f  n a tu r a l  s o il  d e p o s i ts ,  a n d  d e s e rv e s  to  b e  s u p p le m e n te d  

b y  a  t a b u la t i o n  o f  th e  a p p r o p r i a t e  in d e x  p r o p e r t i e s  o f  th e  

m a te r ia ls  in v o lv e d .

id) A  s o m e w h a t  d if fe re n t  s i tu a t io n  in  w h ic h  th e  g r o u p  a c t io n  

o f  p ile s  m u s t  b e  c o n s id e re d  is r e p o r te d  b y  Antoine, V  Herminier 

a n d  Bachelier (5 /1 ). A  n e w  s u p e r s t r u c tu r e  w a s  to  b e  c o n s t ru c te d  

o n  a n  e x is tin g  p ile  f o u n d a t io n  e s ta b l is h e d  o n  a  th in  la y e r  o f  

l im e s to n e  w h ic h  re s te d  o n  a  s o f te r  la y e r  o f  m a r l .  V a lu e s  o f  th e  

m o d u lu s  o f  e la s t ic ity  a n d  te n s ile  s t r e n g th  o f  b o th  m a te r ia ls  

w e re  d e te rm in e d ,  a n d  th e  th e o r y  o f  e la s t ic ity  u t i l iz e d  to  in 

v e s t ig a te  th e  d a n g e r  o f  r u p tu r e  o f  th e  la y e r  o f  l im e s to n e .

(5) Dynamics o f Pile Driving

(a) D y n a m ic  m e th o d s  o f  p r e d ic t in g  th e  s ta t ic  b e a r in g  c a 

p a c i ty  o f  p ile s  c o n t in u e  to  in te r e s t  in v e s t ig a to r s .  B y  m e a n s  o f  

te s ts  o n  c o n e  p e n e t r o m e te r s ,  Buisson a n d  Chapon (5 /4 ) h a v e  

f o u n d  t h a t  th e  s c a t te r in g  in  th e  r a t io  o f  d y n a m ic  t o  s ta t ic  

r e s is ta n c e  c a n  b e  re d u c e d  i f  th e  te s ts  a r e  s u b d iv id e d  a c c o r d in g
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to  th e  m a jo r  c a te g o r ie s  o f  s o ils , e s p e c ia l ly  f o r  la rg e  p e n e t r a 

t io n s .  S o m e  e v id e n c e  is  p r e s e n te d  t h a t  a  c o r r e c t io n  m a y  b e  

a p p l ie d  to  p e r m i t  u se  o f  th e  d a t a  f o r  fu l l- s iz e d  p ile s . T h e a u t h o r s  

a d m i t  t h e  l im i te d  n a tu r e  o f  th e  te s ts  a n d  h o p e  f o r  f u r th e r  

s tu d ie s . I n  s u c h  s tu d ie s , i t  w o u ld  b e  a d v is a b le  to  in c lu d e  th e  

p e r t in e n t  in d e x  p r o p e r t i e s  o f  th e  s o ils , s in c e  i t  is  h a r d ly  to  b e  

e x p e c te d  t h a t  a l l  c la y s , f o r  e x a m p le ,  w o u ld  e x h ib i t  s im ila r  

b e h a v io r .

(b) A n  in te r e s t in g  a n d  s o m e w h a t  d if fe re n t  a p p r o a c h  to  th e  

d y n a m ic  p ro b le m s  o f  p ile  d r iv in g  h a s  b e e n  m a d e  b y  Nanninga 

(5 /1 4 ). H e r e ,  th e  a t t e m p t  is  m a d e  to  d e v e lo p  a  p ile  d r iv in g  

h a m m e r  t h a t  w ill b e  e f f ic ie n t  a n d  t h a t  w ill p e r m i t  m o r e  a c c u 

r a t e  d y n a m ic  o b s e rv a t io n s .

(c) T h e  v ib r a t io n a l  p r o b le m s  a s s o c ia te d  w ith  p i le  d r iv in g  a r e  

t r e a te d  in  tw o  p a p e r s ,  o n e  b y  Peter (5 /1 6 ) a n d  o n e  b y  Bendel 

(5 /2 ). T h e  f ir s t  d isc u sse s  v ib r a t io n s  d u e  to  p i le  d r iv in g  a t  th r e e  

s i t e s ; ty p ic a l  b o r in g  lo g s  a r e  g iv e n  b u t  n o  in d e x  p r o p e r t i e s  o f  

t h e  s o il  a r e  r e p o r te d .  T h e  s e c o n d  p a p e r  p r e s e n ts  th e  m e a s u re 

m e n ts  o f  d e f o rm a t io n s  in  a  p a r ty  w a ll  c lo s e  to  p i le -d r iv in g  

a c tiv it ie s .  T h e  p ile s  w e re  d r iv e n  th r o u g h  7  m  o f  s ilty  s a n d  a n d  

p e a t ;  th e  p r o p e r t i e s  o f  th e  s o il  a r e  n o t  d e s c r ib e d  q u a n t i ta t iv e ly .

(id ) Grasshoff c o n s id e r s  th e  n a tu r e  o f  th e  r e la t io n s h ip  b e 

tw e e n  d y n a m ic  re s is ta n c e  a n d  p e n e t r a t i o n  o n  th e  b a s is  o f  m o d e l  

s tu d ie s  in  s a n d .  T h e  s tu d ie s  w e re  m a d e  o n  p i le - s h a p e d  p r o je c 

t ile s  b y  m e a n s  o f  a  h ig h - s p e e d  m o t io n  p ic tu r e  c a m e ra .

(6) Construction Procedures

(a) T w o  C o n fe r e n c e  p a p e r s  d e a l  w ith  n e w  o r  s o m e w h a t  d if 

f e re n t  ty p e s  o f  c o n c r e te  p ile s . Brown (5 /3 ) d e s c r ib e s  a  m e th o d  

f o r  m ix in g  p o r t l a n d  c e m e n t  w ith  s o f t  so ils  in  th e  g r o u n d  to  

f o r m  p ile s . Cuadrat (5 /7 ) d e s c r ib e s  o n e  o f  s e v e ra l  p r o c e d u r e s  

f o r  c o n s t ru c t in g  c o n c r e te  p ile s  in  s o f t  s o il  w i th  th e  a id  o f  c o m 

p re s s e d  a ir .

0b) C o n s id e r a b le  a t t e n t io n  h a s  b e e n  d e v o te d  in  th e  U n i te d  

S ta te s  to  th e  c o n t r o l  o f  h e a v in g  a n d  d is p la c e m e n t  a s s o c ia te d  

w ith  th e  d r iv in g  o f  d is p la c e m e n t  p ile s  in to  d e p o s i ts  o f  s a tu r a te d  

c la y . M e th o d s  o f  p r e -e x c a v a t io n  h a v e  b e e n  d e v e lo p e d  w h e re b y  

p a r t  o f  th e  so il  in  th e  s p a c e  to  b e  o c c u p p ie d  b y  e a c h  p ile  is  r e 

m o v e d , e i th e r  b y  d r iv in g  a n d  c le a n in g  a  c a s in g  o r  b y  a  r o t a r y  

d r i l l in g  p ro c e s s  in  w h ic h  th e  c la y  is r e d u c e d  to  a  s lu r ry .

(7) Conclusion

(a) I n  a d d i t io n  to  th e  a l l - im p o r ta n t  c o l le c t io n  o f  c o m p le te  

c a s e  h is to r ie s  o f  p i le  f o u n d a t io n s  a n d  p ile  te s ts ,  th e  m o s t  p r o 

m is in g  d e v e lo p m e n ts  d u r in g  th e  l a s t  5 y e a r s  se e m  to  h a v e  ta k e n  

p la c e  in  th e  a t t e m p ts  t o  e s t im a te  th e  u l t im a te  b e a r in g  c a p a c ity  

o f  s in g le  p ile s  b y  m e a n s  o f  th e  r e s u l ts  o f  c o m p u ta t io n s  b a s e d  

o n  th e  th e o r y  o f  p la s t ic i ty .  T h e  D u tc h  c o n e  a p p a r a tu s  h a s  

in c r e a s e d  in  f a v o r  in  E u ro p e .  I n  th e  A m e r ic a s , o n  t h e  o th e r  

h a n d ,  th e  s ta t ic  p e n e t r a t io n  te s ts  h a v e  n o t  m a d e  a n y  s ig n if ic a n t  

im p re s s io n ,  a n d  th e r e  is a  p r e v a le n t  o p in io n  t h a t  th e  le n g th s  

a n d  c a p a c it ie s  o f  p i le s  c a n  b e s t  b e  e s t im a te d  o n  th e  b a s is  o f  

d e ta i le d  s o il  p ro f i le s  s u p p le m e n te d  b y  th e  r e s u l t s  o f  d y n a m ic  

p e n e t r a t io n  te s ts  m a d e  in  c o n ju n c t io n  w ith  te s t  b o r in g s .  I n  a ll  

c o u n tr ie s ,  lo a d  te s ts  a r e  c o n s id e re d  th e  f in a l  c r i te r io n ,  a n d  a ll  

o th e r  m e th o d s  a r e  c o n s id e re d  v a lid  o n ly  i f  b a s e d  o n  e x te n s iv e  

e m p ir ic a l  k n o w le d g e .

(b) T h e  c a p a c ity  a n d  th e  s e t t le m e n t  o f  p i le  g r o u p s  h a v e  r e 

c e iv e d  a t t e n t io n  to  a  m u c h  s m a lle r  d e g re e , a n d  th e  l i te r a tu r e  

c o n ta in s  o n ly  a  few  a r t ic le s  d e a l in g  w ith  th e  c h a n g e s  o n  th e  

p h y s ic a l  p r o p e r t ie s  o f  m a s se s  o f  s o il  d u r in g  a n d  a f te r  p i le  

d r iv in g . S in c e  th e s e  a r e  im p o r ta n t  m a t te r s ,  th e r e  r e m a in s  m u c h  

to  b e  in v e s t ig a te d  in  th e  c o m p le x  r e a lm  o f  p ile  f o u n d a t io n s .

Proposals for Discussion

I t  is  s u g g e s te d  t h a t  th e  d is c u s s io n s  s h o u ld  b e  c o n c e r n e d  

p r im a r i ly  w ith  th e  fo l lo w in g  p o in t s :

(1 ) The state o f  knowledge concerning the bearing capacity o f  

single piles; the relative merits o f various procedures for esti

mating the bearing capacity; and the basis for further research.

(2 ) The state o f  knowledge concerning the safely and settle

ment o f  groups o f  piles and pile foundations, and the basis for  

further research.

(3 ) An evaluation o f  the relative importance o f  research into 

the various aspects o f pile foundations, with suggestions as to 

procedure.
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(4) Steel and Timber Pile Tests-West Atchafalaya Floodway. Proc. 

A.R.E.A., Vol. 52, 1951, pp. 149-202.

(5) Schlitt, H . G. (1950): Steel Pile Tests, Q-Street Viaduct, Omaha, 

Nebraska. Dept, o f  Roads and Irrigation, Lincoln, Nebraska.

(6) Derqui, F. (1952), Madrid: Calculus o f  Pile Groups.

(d) The transfer o f  load from pile to soil is discussed in Ref. (4) and 

(5), and also in the following:

(7) Cambefort, H . (1947): Etude expérimentale de la force portante 

d’un pieu foré. Travaux, July-August (Pile o f  Gennevilliers).
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