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V . R I Z K A L L A H  Techn ica l U n ive rs it y  Hannover ,  Soi l M echan ics  Sect ion,  F.R.G.

SYNOPSIS Problems of the s tress-stra in  behaviour, one of the most important in  foundation en­
gineering# have generally been solved on the basis of an ideal e la s tic  s o il. However, most un­
disturbed soils  are neither ideal e la s tic  nor ideal p la s tic , but depart from the e la s tic -p la ­
s tic  theory. For the description of s o il behaviour two values of stresses are necessary, the 
peak stress Tf and the residual stress i r . Fissured over-consolidated clay, l ik e  Hannover clay, 
showed that such so ils  do not always y ie ld  continuously a fte r reaching the peak point. Besides 
d iffe re n t values of peak stresses were obtained from the same undisturbed sample for the same 
e ffe c tiv e  stress. Laboratory investigations, in  s itu  measurements and recent studies with the 
stereoscan electron microscope emphazised once more that fissured clays are very complex mate­
r ia ls .  The s tress-stra in  behaviour of such soils  depends mainly upon factors such as:

1. Extent, "inclination, o rien ta tio n , shape and amount of fissures.
2. Way of boring fo r getting samples as w ell as time of relaxation  t i l l  laboratory tests  

are run.
3. Geological h istory of over-consolidation (pre-stress h is to ry ).

For that reason investigations with undisturbed and remoulded so il specimens were started to 
get some comparative resu lts . The paper describes some of recent investigations of the fissu­
red over-sonsolidated Hannover clay (northern region of GFR) and show that the Mohr-Coulomb 
fa ilu re  c rite rio n  is  not d ire c tly  applicable in a l l  cases for such so ils .

INTRODUCTION SHEAR STRENGTH AND SOIL PROPERTIES

I t  has been realised that fissures have a 
sensitive influence on measured strengthes of 
soils, which essentially do not behave as ideal soils. 
In spite of this knowledge the obtained average 
strengthes.measured on 7 8 mm high and 3 8 mm in  
diameter specimen or 60 x 60 mm in shear box 
tests are used in  every-day engineering de­
signs. Some of the most widely used re la tio n ­
ships of s tress-stra in  behaviour are shown in  
Fig. 1.

ELASTIC - PLASTIC

STRAIN 
If = PEAK STRENGTH

STRAIN SHEAR STRAIN
Tr = RESIDUAL STRENGTH

I Tf NOT REACHED

SHEAR STRAIN SHEAR STRAIN SHEAR STRAIN
a.) and b.)= IDEAL SOIL c.) to f.)= REAL SOIL

Some typ ica l results  from tests on t r ia x ia l  
(7 6 x 3 8 mm) and on d irec t shear specimens 
(60 x 60 mm) taken from the same block sam­
ple (about 400 x 400 x 150 mm) of fissured 
Hannover clay are shown in  Fig. 2 and 3.

Fig. 1 S tress-stra in  curves for ideal and 
re a l soils

Fi g. 2 Shape of fa ilu re  and results  of the 
corresponding t r ia x ia l  tests
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F i g .  3  S h a p e  o f  f a i l u r e s  a n d  r e s u l t s  o f  t h e  

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

I t  w a s  e x p e c t e d  t h a t  s p e c im e n s  w i t h  a  s i n g l e  

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

t h o s e  w i t h o u t  f i s s u r e s ,  o r  w i t h  f i s s u r e s  p e r ­

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

t h e  h i g h e s t  s t r e n g t h .  T h i s  p h e n o m e n a  c o u l d 1n t  

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

a s  s h o w n  i n  F i g .  2 .  A  c o m p a r i s o n  o f  s o m e  l a ­

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

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

w e r e  n o t  c o n v e n i e n t  a n d  n o t  r e p r e s e n t a t i v e .  

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

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

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

t r o d u c i n g  e . g .  a n  " e m p i r i c a l  f a c t o r "  t o  a d ­

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

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

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

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

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

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

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

f o u n d a t i o n s ’ e n g i n e e r i n g .  I n  a d d i t i o n  t o  t h a t  

s u c h  f a c t o r s  w o u l d  d e p e n d  a l s o  e . g .  o n  t h e  

t y p e  o f  t e s t ,  u s e d  e q u i p m e n t ,  e x p e r i e n c e  o f  

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

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

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

s i v e  a n d  r e q u i r e  a  l o n g  p e r i o d  o f  t i m e .  I n  

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

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

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

r e s u l t s  c a n n o t  b e  g e n e r a l i z e d  a s  L o n d o n  c l a y  

i s ' n t  i d e n t i c a l  w i t h  o t h e r  f i s s u r e d  c l a y s  

w h ic h  h a v e  d i f f e r e n t  g e o l o g i c a l  a g e s  a n d  

p r e - s t r e s s  h i s t o r y .

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

H a n n o v e r  c l a y  ( m e a n  v a l u e s )  a r e  g i v e n  i n  

T a b . 1 .

soil parameters
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0.002
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d > 
0.6 range range

undisturbed 20.3-
24.7

20.6 - 
23.4

52.3-
53.9

1.01 - 
1,09 21.0 50 - 44 - 6 - 14.5-

15.5
35.0-
150.0

remoulded
24.6-
26.8

20,6-
24.0

*8.9-
52,3

0.81-
0,98 19.3 56 32 10 19.0-

21.0
10,0-
40.0

B E H AV IOU R OF  U N D IS T U RB E D  AND REMOU LDED S O IL S

T o  d e s c r i b e  t h e  b e h a v i o u r  o f  t h e  f i s s u r e d  

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

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

a )  S t r e s s - s t r a i n  b e h a v i o u r  i n  t h e  s h e a r  b o x .

b )  B e h a v i o u r  o f  r e m o u l d e d  s a m p l e s .

c )  S h a p e  o f  f a i l u r e  p l a n e  o r  a r e a  a f t e r  

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

r o s c o p e  b y  m a g n i f i c a t i o n  u p  t o  1 6 . 0 0 0  x .

d )  V a l i d i t y  a n d  a p p l i c a t i o n  o f  M o h r - C o u lo m b  

c r i t e r i o n  f o r  u n d i s t u r b e d  a n d  r e m o u ld e d  

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

D u e  t o  t h i s  b r i e f  c o n t r i b u t i o n ,  t h e  a u t h o r  

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

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

b a n c e  b y  e x a m i n a t i o n  o f  t h e  m i c r o s t r u c t u r e  

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

b e  g i v e n  i n  a  s p e c i a l  p u b l i c a t i o n .

T h e  s o i l  b e h a v i o u r  i n  t h e  s h e a r  b o x  w a s  

n e a r l y  i d e n t i c a l  w i t h  t h a t  i n  t r i a x i a l  

t e s t s .  N o  l i n e a r  r e l a t i o n  w a s  f o u n d  b e t w e e n  

t f  a n d  o f o r  u n d i s t r u b e d  ( i n t a c t )  s p e c i m e n s  

( s e e  F i g .  2 ,  3 ) .  D i f f e r e n c e s  u p  t o  1 0 0  % i n  

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

h a v e  b e e n  o b s e r v e d  ( c o m p a r e  s p e c i m e n s  i n  

F i g .  3 ) .  A s  s h o w n  t h e  u n d i s t u r b e d  c l a y  

( b o u n d a r y  a r e a s  o f  s p e c i m e n s )  h a s  a n  o p e n  

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

a p p e a r  r e l a t i v l y  i n  d e n s e  p e d s .  S o m e  a r e a s  

r e v e a l e d  a  l e s s  o p e n  s t r u c t u r e .  S e v e r a l  

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

m e n t  a n d  t h e  a l i g n m e n t  d i r e c t i o n  d o e s ’ n t  d i f ­

f e r  t o o  m u c h  f r o m  g r o u p  t o  g r o u p .  T h e  s h e a r  

z o n e  i s t  v e r y  n a r r o w  a n d  n o  d e f o r m a t i o n s  

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

a l s o  F i g .  7  a n d  9 ) .

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

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

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

b e h a v i o u r  ( F i g .  4 )  a n d  a  b e t t e r  i n t e r p r e t a ­

t i o n  o f  p a r a m e t e r s  f o r  d e s i g n .

F i g .  4 R e s u l t s  o b t a i n e d  w i t h  r e m o u ld e d  

s a m p le s
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Fig. 5

Fig.7

Fig. 9 Undisturbed specimen,subject to tria x ia l 
testing. Shear plane running in the mid­
dle from le ft  to right(horizontally) . Note 
nearly in it ia l  particle structure on top 
and bottom of the c rit ic a l zone. This 
in i t ia l  structure is without specific par­
tic le  orientation(randomly oriented struc­
ture) ,compare with F ig .7.

Fig.10 Undisturbed specimen,subject to tria x ia l 
testing. This picture is partial magni­
fication of F ig .9 .Note the specific pa­
ra lle l particle orientation in the c ri­
tic a l zone in comparison with the adja­
cent areas. The shear plane(horizontal) 
can be good identified .Shear 1 mm/min 
vertical strain.

Remoulded specimen,subject to shear box 
testing. Typical particle arrangement 
outside the shear plane area. Nearly 
parallel orientation of clay particles, 
arrangement as "fabric units". Predomi­
nation of parallel-orientation running 
diagonally from top le ft  to bottom 
right of the picture.

Remoulded specimen, subject to shear box 
testing. This picture is partia l magnifi­
cation of Fig.6 . Shear plane running from 
le ft  to the right. Note nearly parallel 
(horizontal) particle orientation in the 
c rit ic a l zone. In it ia l  structure on top 
and bottom of the c r it ic a l zone like in 
Fig. 5 .

Fig.6 Remoulded specimen, subject to shear box
testing. Shear plane running in the middle 
(nearly horizontally) from le ft  to right. 
Note in it ia l  structure on top and bottom 
arri viz. the structure change in the c r i t i ­
cal zone.

Fig.8 Remoulded specimen, subject to shear box 
testing. This picture is partial magnifi­
cation of F ig .7. Mote configuration of 
c rit ic a l zone, sharp limited to the adja­
cent areas with nearly in it ia l  particle  
structure. Shear 2 mm/h horizontal strain.

§*§ ORIGINAL MAGNIFICATION ¿000
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I f  t h e  i n t e r p r e t a t i o n s  p u t  f o r w a r d  i n  t h i s  

c o n t r i b u t i o n  a n d  t h o s e  o f  F i g .  5 t o  1 0  a r e  

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

t h e  a s s u m p t i o n  o f  t h e  M o h r - C o u lo m b  c r i t e r i o n  

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

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

o f  s o i l s  i n  w h i c h  a  p l a n e  o f  f a i l u r e  o c c u r s  

w i t h i n  t h e  s a m p le  o n l y  d u e  t o  a  m a x im u m  o f  

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

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

C O N C L U S IO N S  AND COMMENT S

T h e  M o h r - C o u lo m b  c r i t e r i o n  o f  f a i l u r e  p r e ­

d i c t s  t h e  p l a n e  o n  w h ic h  f a i l u r e  o c c u r s .  F o r  

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

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

q u i t e  s a t i s f a c t o r y .  B u t  e s p e c i a l l y  f o r  f i s s u ­

r e d  o v e r - c o n s o l i d a t e d  c l a y  t h e  p r e d i c t i o n  

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

t i o n .  F o r  t h a t  r e a s o n  a  d e s c r i p t i o n  o f  m a t e ­

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

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

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

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

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

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

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

t i v e  f o r  t h e  w h o le  s o i l  i n  n a t u r e .

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

t y p e  o f  f i s s u r e d  c l a y  ( e . g .  L o n d o n ,  M e x i c o ,  

B a n g k o k ,  F r a n k f u r t  o r  H a n n o v e r  c l a y )  a s  a  

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

s u l t s  a n d  v a l u e s  f o r  a l l  o t h e r  t y p e s .  S u c h  

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

t h e y  a r e  i n  c o n j u n c t i o n  w i t h  f o u n d a t i o n  e n g i ­

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

m e a s u r e m e n t s  i n  s i t u .

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

c a n  b e  o b s e r v e d  w i t h  d i f f e r e n t  p e r s p e c t i v e s .  

T h e  f i s s u r e d  H a n n o v e r  c l a y  i s  a  v e r y  c o m p le x  

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

w i t h  t h e  M o h r - C o u lo m b  c r i t e r i o n .  T h e  a u t h o r  

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

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

( n e a r l y  t w o  y e a r s )  c a n  b e  r e l i a b l e  b y  l a b o ­

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

t h e  s t a t i s t i c a l  v a l u e s  b e t w e e n  0 5  a n d  9 0  % 

( f a c t o r  o f  s a f e t y  f o r  i n t a c t  m a t e r i a l s  

n =  1 . 2 0  t o  1 .1  ) .  F o r  p e r m a n e n t  w o r k s  c a u ­

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

o f  l a b o r a t o r y  t e s t s  f o r  t h e  f u l l - s c a l e  

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

t h e  t i m e  u p  t o  6 0  % o f  t h e  m e a s u r e d  v a l u e  i n  

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

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

d e r  s t r e s s e s  l o w e r  t h a n  t h e  o r i g i n a l  s t r e s ­

s e s  i n  s i t u  ( p r e - s t r e s s  h i s t o r y ) .

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

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

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

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

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

t h e  a v e r a g e  v a l u e s  i n  s i t u  w i l l  b e  m u c h  

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

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

w h e r e b y  t h e  s t a t i s t i c a l  a v e r a g e  v a l u e  c o u l d  

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

r e d u c t i o n .

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

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

s h o w n  a  b e t t e r  a p p r o a c h  t o  t h e  M o h r - C o u lo m b  

c r i t e r i o n  a s  p e a k  v a l u e s  o f  n a t u r a l l y  u n ­

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

f i s s u r e d  c l a y s .  By  h i g h l y  f i s s u r e d  c l a y  d i f ­

f e r e n c e s  u p  t o  1 0 0  % i n  p e a k  s t r e n g t h  h a v e  

b e e n  o b s e r v e d  ( i n  l a b o r a t o r y  t e s t s )  . I t  i s  

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

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

f i s s u r e d  a n d  o v e r - c o n s o l i d a t e d  c l a y s .

ACKNOWLEDGEMENT

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

c a r r i e d  o u t  s i n c e  1 5  m o n t h s  a g o .  T h e  p r e p a ­

r a t i o n  o f  s o i l  s p e c im e n  f o r  t h e  s c a n n i n g  

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

M r .  K n i c k r e h m ,  w a s  r u n  b y  P r o f .  D r .  M a t t i a t  

( B u n d e s a n s t a l t  f u r  G e o w i s s e n s c h a f t e n  u n d  

P o h s t o f f e ,  H a n n o v e r ) .  T h e  a u t h o r  w i s h e s  t o  

a c k n o w le d g e  t h e  a s s i s t a n c e  o f  h i s  c o l l e a g u e s ,  

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

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

RE F E RE N C E S

B i s h o p ,  A . W . ,  a n d  L i t t l e ,  A . L .  ( 1 9 6 7 )

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

t h e  s a m p le  o n  t h e  a p p a r e n t  s t r e n g t h  o f  t h e  

L o n d o n  c l a y  a t  M a l d o n ,  E s s e x .  P r o c .  G e o t e c h .  

C o n f . ,  O s l o ,  V o l .  1

B j e r r u m ,  L . ,  a n d  S im o n s ,  N . E .  ( 1 9 6 0 )  

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

o f  n o r m a l l y  c o n s o l i d a t e d  c l a y s .  P r o c .  R e s .  

C o n f .  s h e a r  s t r e n g t h  o f  c o h e s i v e  s o i l s  

( N G I p u b .  3 5 ) .

P a r r y ,  R . H . G .  ( 1 9 7 1 )

S t r e s s - s t r a i n  b e h a v i o u r  o f  s o i l s .  P r o c .  o f  

t h e  R o s c o e  M e m o r i a l  S y m p . ,  C a m b r id g e  U n i ­

v e r s i t y ,  G . T .  F o u l i s  & C o .  L t d . ,  O x f o r d s h i r e .

R i z k a l l a h , V .  ( 1 9 7 2 )

Z u r  B e u r t e i l u n g  d e r  S c h e r f e s t i g k e i t  d e s  

h a n n o v e r s c h e n  T o n m e r g e l s .  H a n n o v e r ,  E i g e n -  

v e r l a g  d e s  V e r f a s s e r s .

S k e m p t o n ,  A . W .  ( 1 9 7 0 )

F i r s t - t i m e  s l i d e s  i n  o v e r - c o n s o l i d a t e d  

c l a y s .  T e c h n i c a l  N o t e .  G e o t e c h n i q u e  2 0 .

T e r z a g h i ,  K . ,  a n d  P e c k ,  R . B .  ( 1 9 4 8 )

S o i l  m e c h a n i c s  i n  e n g i n e e r i n g  p r a c t i c e .

N e w  Y o r k .

W h i t a k e r ,  T .  ( 1 9 6 6 )

An  i n v e s t i g a t i o n  o f  t h e  s h a f t  a n d  b a s e  

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

c l a y .  P r o c .  S y m p o s .  o n  l a r g e  b o r e d  p i l e s ,  

L o n d o n .  I n s t n .  C i v .  E n g r s .

Y o n g , R . N . ,  a n d  W a r k e n t i n ,  B . P .  ( 1 9 7 5 )

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

s c i e n t i f i c  P u b l i s h i n g  C o .  A m s t e r d a m ,

O x f o r d ,  N e w  Y o r k .

270


