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Prediction of Friction Pile Capacity in a Till

Prévision de Capacité des Pieux dans Argile Blocaux
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SYNOPSIS A comparison is made between the results of Dressuremeter tests, screw Dlate tests

and laboratory tests for the determination of the undrained shear strenqth and modulus of deforma­

tion of a glacial till. The results are used to estimate the bearing capacity and settlement 

piles for comparison with the results of load tests on some piles driven into the till.

INTRODUCTION

The behaviour of foundations in glacial till is 

difficult to estimate from laboratory tests, 

and in-situ investigations are generally pre­

ferred. One of the promising field methods is 

the use of the Dressuremeter, but experience 

with it in till is limited. Accordingly, in 

connection with the foundation of a bridge rest 

ing on piles driven into a glacial till, the 

soil properties were determined both bv lab­

oratory and in-situ tests. These results were 

employed to make estimates of the bearing 

capacity and settlement of the piles and 

checked by load tests on two test piles.

SITE AND SOIL CONDITIONS

The site for this investigation is located near 

one of the abutments at the south end of a new 

highway bridge over the Stewiacke River, Nova 

Scotia. This area of the province is generally 

underlain by till of Wisconsin Age, derived 

mainly from the Permian sandstone and shale 

bedrock which occurs extensively to the north, 

but containing some igneous and metamorphic 

rock from the Cobequid mountains (Hughes, 1956) 

The till is a well-graded reddish-brown, stiff 

to hard, intact silty clay of low plasticity 

with some sand, gravel, cobbles and occasional 

boulders. It is closely associated in colour, 

texture, and plasticity, with the tills which 

mantle bedrock over extensive areas of the 

province. At this site, the index properties 

and standard penetration tests of the till show 

some decrease in water content and increase in 

plasticity and strength with depth (Fig. 1).

Shear Strength

Thin wall tube samples of about 60mm dia. were 

taken from various depths in the till for con- 

solidated-undrained triaxial compression tests, 

and some unconfined tests were also performed 

on split spoon samples. The test results show 

that the till behaves as a heavily-overconsol- 

idated soil with the undrained shear strength 

increasing from an average of about 150 kPa at 

shallow depth to about 250 kPa at a depth of

about 15 m (Fig. 2). The effective angle of 

internal friction was found to be 29 degrees, 

and the effective cohesion 16 kPa. It may be 

noted that the undrained shear strengths deter­

mined in two cyclic load tests, which were 

carried out to study the deformation modulus, 

were higher than the corresponding single load

t e s t s .
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Fig. 1 Composite Borehole Record, Variation of 

Index Properties and S t r e n g t h .

The trend of these results is confirmed by in- 

situ tests carried out with a Menard Type G 

nressuremeter of about 75 mm dia. (Baguelin et 

al, 1978) carefully installed at various depths 

in boreholes of the same diameter made by a 

continuous flight auger (Mouland, 1979). These 

tests were made in approximately ten egual load 

increments, each acting for one minute to obtain 

the corresponding creep curve for estimating the 

yield pressure py (Menard, 1975) . Typical 

results are shown in Fig. 3. The limit pressure
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P]_ e s t i m a t e d  f r o m  t h e  p r e s s u r e m e t e r  c u r v e s  

a c c o r d i n g  t o  M e n a r d ' s  m e t h o d  i s  p l o t t e d  a g a i n s t  

d e p t h  i n  F i g .  1 .  T h e  l i m i t  p r e s s u r e  m a v  b e  

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

C u  a c c o r d i n g  t o  t h e  e q u a t i o n :

p l  -  p o  =  c u  N P  d )

w h e r e  P Q =  t o t a l  h o r i z o n t a l  " a t  r e s t "  e a r t h  

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

a n a l a g o u s  t o  t h e  b e a r i n g  c a p a c i t y  f a c t o r  N c .

UNDRAINED UNDRAINED
SHEAR STRENGTH DEFORMATION MOOULUS

Cg (fcPo) E (MPa)

COMPRESSION

□  UNCONFINED X SCREW PLATE
COMPRESSION

F i g .  2  V a r i a t i o n  o f  U n d r a i n e d  S h e a r  S t r e n g t h  

a n d  U n d r a i n e d  D e f o r m a t i o n  M o d u l u s .

F i g .  3  T y p i c a l  R e s u l t s  o f  P r e s s u r e m e t e r  T e s t s .

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

i n  s t i f f  L o n d o n  c l a y  ( M a r s l a n d  a n d  R a n d o l p h ,  

1 9 7 7 )  a  v a l u e  o f  6 . 2  w a s  p r o p o s e d  f o r  N p . T h i s  

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

e r a t i o n s  ( G i b s o n  a n d  A n d e r s o n ,  1 9 6 1 )  a n d  

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

9 d e r i v e d  f r o m  t h e  s a m e  t h e o r e t i c a l  a p p r o a c h .

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

r a n g e  o f  U . S .  m i d w e s t  c l a y  s o i l s  ( L u k a s  a n d  

d e  B u s s y ,  1 9 7 6 )  g a v e  t h e  e x p e r i m e n t a l  v a l u e  o f  

N p  =  5 . 1 .  U s i n g  t h e s e  v a l u e s  a s  u p p e r  a n d  

l o w e r  l i m i t s ,  v a l u e s  o f  C u  h a v e  b e e n  o b t a i n e d  

f r o m  t h e  t e s t s  a n d  t h e s e  a r e  r e p r e s e n t e d  b y  t h e  

n a r r o w  b a n d  i n  F i g .  2 .  A  m e a n  v a l u e  o f  N p  =  5 . 7  

c o u l d  a l s o  b e  u s e d .

F u r t h e r  i n f o r m a t i o n  a b o u t  t h e  s t r e n g t h  c a n  b e

o b t a i n e d  f r o m  so m e  b u r i e d  s c r e w  D l a t e  l o a d  

t e s t s  o n  a  1 6 0  mm d i a .  p l a t e  a t  v a r i o u s  d e p t h s  

i n  t h e  u p p e r  p o r t i o n  o f  t h e  t i l l  ( F i g . 4 ) .  U s i n  

a  b e a r i n g  c a p a c i t y  f a c t o r  o f  9 . 3  ( M e y e r h o f ,  

1 9 5 1 )  i n  t h e  e q u a t i o n

q f  =  C u  N c  ( 2 )

t h e  u n d r a i n e d  s h e a r  s t r e n g t h  m a v  b e  d e d u c e d .

T h e  v a l u e s  o b t a i n e d  i n  t h i s  m a n n e r  a r e  a l s o  

s h o w n  i n  F i g .  2 .

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

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

t h a t  t h e  r e s u l t s  m a v  b e  u s e d  w i t h  so m e  c o n f i d ­

e n c e  .

PR ESSU RE  IkPo)

F i g .  4 R e s u l t s  o f  S c r e w  P l a t e  L o a d  T e s t s .  

U n d r a i n e d  M o d u l u s  o f  D e f o r m a t i o n

E a c h  o f  t h e  t h r e e  t y p e s  o f  t e s t  m e n t i o n e d  a b o v e  

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

I n  t h e  t r i a x i a l  c o m p r e s s i o n  t e s t s ,  t h e  i n i t i a l  

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

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

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

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

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

b e t w e e n  P 0  a n d  P v  h a s  b e e n  u s e d  t o  f i n d  t h e  

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

t e s t s ,  a n d  t h e  s l o p e  o f  t h e  l a s t  l o a d  c y c l e  h a s  

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

T h e  p l a t e  l o a d  t e s t  c a n  a l s o  b e  a n a l y s e d  t o  

d e t e r m i n e  t h e  i n i t i a l  m o d u l u s  o f  d e f o r m a t i o n  E s  

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

p l a t e  ( M a r s l a n d  a n d  R a n d o l p h ,  1 9 7 7 )

S =  ( !  -  U 2 ) 1  ! S ( 3 )

w h e r e  q  =  a v e r a g e  p r e s s u r e  o n  a  p l a t e  o f  w i d t h

B ,  I g  =  i n f l u e n c e  v a l u e  =  0 . 8 5  f o r  a  p l a t e  a t  

d e p t h s  g r e a t e r  t h a n  6  t i m e s  t h e  p l a t e  d i a m e t e r ,  

a n d  P o i s s o n ' s  r a t i o  y  =  0 . 5 .

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

t h e  t h r e e  m e t h o d s  o f  t e s t  a r e  s h o w n  i n  F i g .  2 .  

T h e  p l a t e  t e s t  E s  v a l u e s  a r e  m u c h  q r e a t e r  t h a n  

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

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

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

p r e s s u r e m e t e r  c y c l i c  m o d u l u s .

7 7 8
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T h e  p r e c a s t  r e i n f o r c e d  c o n c r e t e  o i l e s  w e r e  a  

H e r k u l e s  4 2 0  h e x a g o n a l  p i l e  ( 1 2 . 7  cm  e a c h  s i d e )  

d r i v e n  t o  a  d e p t h  o f  1 2  m a n d  a  H e r k u l e s  8 0 0  

h e x a g o n a l  p i l e  ( 1 7 . 8  cm  e a c h  s i d e )  d r i v e n  t o  a  

d e p t h  o f  1 3  m . T h e  p i l e s  w e r e  t e s t e d  a  f e w  

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

r e a c h e d  i n  3 t o  4  h o u r s  w i t h  t h e  r e s u l t s  g i v e n  

i n  F i g .  5 .

L O A D  (k N )

ANALYSIS OF PILE LOAD TESTS

U l t i m a t e  B e a r i n g  C a p a c i t y

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

i n t o  c o h e s i v e  s o i l  c a n  b e  e s t i m a t e d  f r o m  

e q u a t i o n  ( 2 )  u s i n g  a  b e a r i n g  c a p a c i t y  f a c t  r  o f

9 . 3 .  F r o m  t h e  p r e s e n t  t e s t s ,  C u  =  2 2 0  k P a  a t  

t h e  p i l e  t i p .

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

s h a f t  a d h e s i o n  u s u a l l y  e x p r e s s e d  a s  ( T o m l i n s o n ,

1 9 5 7 )

C a  =  a C u  ( a v )  ( 4 )

F o r  v e r y  s t i f f  c l a y s ,  a  =  0 . 4 5  ( C a n . F o u n d . 

M a n u a l ,  1 9 7 8 )  a n d ,  f r o m  t h e  p r e s e n t  t e s t s ,  t h e  

a v e r a g e  C u  =  1 7 0  k P a .

A  m o r e  r a t i o n a l  e s t i m a t e  o f  s h a f t  c a o a c i t v  rr> av 

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

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

f r i c t i o n  i s  t a k e n  a s  ( B u r l a n d ,  1 9 7 3 ,  M e y e r h o f ,

1 9 7 6 ) .

f s  =  K s  p  t a n  <p' ( 5 )

w h e r e  e a r t h  p r e s s u r e  c o e f f i c i e n t  o n  s h a f t  K s  =

1 . 5  K q , a p p r o x i m a t e l y ,  f o r  d r i v e n  p i l e s ,  p  =  

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

4> ' =  e f f e c t i v e  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  

c l a y .  T h e  v a l u e  o f  K Q , t h e  c o e f f i c i e n t  o f  

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

t h e  h o r i z o n t a l  e a r t h  p r e s s u r e  m e a s u r e d  i n  t h e  

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

o p e n  t o  s e r i o u s  c r i t i c i s m  ( B a g u e l i n  e t  a l ,  1 9 7 8 )  

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

A  c r u d e  e s t i m a t e  o f  K 0  m a y  a l s o  b e  m a d e  o n  t h e  

b a s i s  o f  p l a s t i c i t y ,  ip ^ a n d  o v e r c o n s o l i d a t i o n

r a t i o  ( B r o o k e r  a n d  I r e l a n d  1 9 6 5 )  , u s i n g  i n  t h i s  

c a s e  a n  o v e r c o n s o l i d a t i o n  r a t i o  o f  8 t o  1 0 .

B o t h  m e t h o d s  g i v e  a n  a v e r a g e  K 0  e a u a l  t o  a b o u t

1 . 3 ,  a n d  s o  t h i s  v a l u e  m a v  b e  u s e d  w i t h  so m e  

c o n f i d e n c e .

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

u s i n q  t h e  s t r e n g t h s  o b t a i n e d  b v  t h e  i n - s i t u  a n d  

l a b o r a t o r y  t e s t s ,  a r e  g i v e n  i n  T a b l e  1 ,  t o q e t h e r  

w i t h  t h e  o i l e  l o a d  t e s t  r e s u l t s .

T A B L E  1

M e a s u r e d  a n d  P r e d i c t e d  P i l e  C a o a c i t i e s

P r e d i c t e d  C a p a c i t y  ( k N )

P i l e

M e a s u r e d  

U l t i m a t e  

L o a d ( k N )

P o i n t

S h a f t  

A d h e s i o n  

( E q n .  4 )

S h a f t  

F r i c t i o n  

( E q n .  5 )

H e r k u l e s

4 2 0

1 1 6 0 8 5 7 0 0 1 2 1 0

H e r k u l e s

8 0 0

1 7 8 0 1 6 5 1 0 6 0 1 8 5 0

C o m p a r i s o n  s h o w s  t h a t  t h e  o o i n t  r e s i s t a n c e  r e n -  

r e s e n t s  o n l y  a b o u t  8 D e r c e n t  o f  t h e  o i l e  c a o ­

a c i t v ,  s o  t h a t  t h e  s h a f t  m a k e s  t h e  m o r e  

s i g n i f i c a n t  c o n t r i b u t i o n .  T h e  s h a f t  a d h e s i o n  

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

w h i c h  a r e  m u c h  t o o  s m a l l .  A g r e e m e n t  c a n  o n l v  

b e  a t t a i n e d  i f  a  v a l u e  o f  a  =  0 . 7  i s  u s e d ,  w h i c h  

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

w a r r a n t .  O n  t h e  o t h e r  h a n d ,  t h e  s h a f t  f r i c t i o n  

a p p r o a c h  g i v e s  e s t i m a t e s  w h i c h  c o m p a r e  w e l l  

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

E l a s t i c  S e t t l e m e n t

T h e  s e t t l e m e n t  o f  a n  e l a s t i c  p i l e  i n  a n  e l a s t i c  

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

e q u a t i o n  ( M a t t e s  a n d  P o u l o s , 1 9 6 9 )  :

w h e r e  P =  o i l e  l o a d ,  E s  =  e l a s t i c  m o d u l u s  o f  

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

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

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

t h e  p i l e ,  a n d  P o i s s o n ' s  r a t i o .

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

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

w o r k i n g  l o a d  o f  4 4 5  k N , t h e  c u r v e s  s h o w n  i n  

F i g .  6 a r e  o b t a i n e d .  T h e s e  c u r v e s  o r o v i d e  a  

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

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

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

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

o b s e r v e d  s e t t l e m e n t s .  O f  m o s t  d i r e c t  i n t e r e s t  

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

r e l a t i v e l y  w e l l ,  a n d  t h e  D r e s s u r e m e t e r  a n d  t r i -  

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

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

T h e  u n d r a i n e d  m o d u l u s  b a c k - c a l c u l a t e d  f r o m  t h i s  

o b s e r v e d  o i l e  s e t t l e m e n t  i s  i n  t h e  r a n q e  o f  

6 5 - 8 0  M P a . D a t a  o n  t i l l s  a n d  o v e r c o n s o l i d a t e d  

c l a y s  ( R a d h a k r i s h n a  a n d  K l y m ,  1 9 7 4 ;  D ' A p p o l o n i a  

e t  a l  1 9 7 1 )  i n d i c a t e  t h a t  t h i s  v a l u e  i s  p r o b a b l y  

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

7 7 9
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t o o  l o w ,  i n  a b s o l u t e  t e r m s .  I t  i s  t e n t a t i v e l y  

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

t r i a x i a l  t e s t  r e s u l t s  a r e  d u e  t o  s o f t e n i n g  a n d  

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

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

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

a p p e a r  t o  b e  m o r e  p r o m i s i n g  f o r  s h o r t - t e r m  

s e t t l e m e n t  e s t i m a t e s .

CONCLUSIONS

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

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

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

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

N p  e q u a l  t o  5 . 7 .

E s t i m a t e s  o f  p i l e  c a p a c i t y  e m p l o y i n g  t h e  c o n ­

c e p t  o f  e f f e c t i v e  u n i t  s k i n  f r i c t i o n  p r o v i d e  

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

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

f a c t o r  i s  m u c h  l e s s  s a t i s f a c t o r y .  V a l u e s  o f  

e l a s t i c  m o d u l u s  v a r y  o v e r  a  w i d e  r a n g e .  S h o r t ­

t e r m  p i l e  s e t t l e m e n t s  p r e d i c t e d  b y  u s i n g  t h e  

s c r e w  p l a t e  m o d u l u s  a r e  a p p r o x i m a t e l y  3 0  p e r ­

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

i n i t i a l  p r e s s u r e m e t e r  m o d u l u s  i s  q u i t e  i n a c c u r ­

a t e  i n  t h e  p r e s e n t  c a s e ,  b u t  c y c l i c  v a l u e s  

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

e s t i m a t e s .
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