
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


STRENGTH ANISOTROPY ON  SLOPE STABILITY AND BEARING CAPACITY OF CLAYS
L'AN ISOTROPIE DE LA RESISTANCE SUR LA STABILITE DES PENTES ET LA FORCE PORTANTE DES ARGILES

B. V. RANGANATHAM

A.C. SAN I, (M rs.), C.S.I.R. Research Fellow 

V. SREENIVASULU, U.G.C. Research Fellow 

Civil and Hydraulic Engineering Dept., 

Indian Institute of Science, Bangalore, Indio.

ABSTRACT T hough i t  i s  w e l l  r e c o g n i s e d  t h a t  th e  s t r e n g t h  o f  c l a y s  in  n a t u r e  v a r i e s  w ith  
d e p t h  and d i r e c t i o n  o f  f a i l u r e  s u r f a c e ,  t h e r e  i s  p a u c i t y  o f  e x p e r im e n t a l  d a t a  to  d e f i n e  even  
t h e  n a t u r e  o f  t h e i r  i n t e r r e l a t i o n  and m o s t  o f  th e  a n a ly s e s  o f  s t a b i l i t y  p r o b le m s  ig n o r e  
a s p e c t s .  T h is  s t u d y  c o n s i s t s  o f  t h r e e  p h a s e s . F i r s t  i s  tn e  ex p er im e n t a l  s t u d y  t o  d e te r m in e  
t h e  s t r e n g t h  on d i f f e r e n t  f a i l u r e  p la n e s  u s in g  d i r e c t  sh ea r t e a t s ,  th e  r e s u l t s  o f  w h ich  h av e  
b e e n  u se d  t o  c o n f ir m  t h e  r a t i o n a l  h y p o t h e s i s  p o s t u l a t e d  fo r  t h e  f u n c t i o n a l  r e l a t i o n s h i p  b e t ­

w een s t r e n g t h  and d e p t h  and d i r e c t i o n  o f  f a i l u r e  s u r f a c e .  S e c o n d ly , t h e  i n f l u e n c e  o f  n u s e f u l  
r a n g e  o f  v a l u e s  o f  th e  c o e f f i c i e n t s  d e f i n i n g  t h e  a n i s o t r o p y  and s t r e n g t h  i n c r e a s e  w it h  d e p t h  
on b e a r i n g  c a p a c i t y  o f  s h a l lo w  s t r i p  fo u n d a t io n  h a s  b een  a s s e s s e d  n u m e r i c a l l y  w it h  t h e  a id  
o f  a c o m p u t e .  T h i r d l y ,  i t  h a s  b e e n  r e a s o n e d  o u t  t h a t  t h e  s t a b i l i t y  a n a l y s i s  o f  a s lo p e  i s  
b e s t  d on e In  te r m s  o f  a c o n t r o l  c h a r t  w h ich  i s  d e f i n e d  to  be a c u r v e  p r o v i d i n g  c r i t i c a l  
c o m b i n a t io n  o f  s t a b i l i t y  n u m b er , N and c o e f f i c i e n t  o f  i n t e r n a l  f r i c t i o n  ta n  ¿h o *  N u m e r ic a l  
r e s u l t s  show t h e  c o n t r o l  c h a r t s  to  b e  g o v e r n e d  b y  th e  h e i g h t  and i n c l i n a t i o n  o f  s l o p e ,  th e  
n a t u r e  o f  s t r e n g t h  v a r i a t i o n  and d e p th  t o  h ard  s u r f a c e  and n o t  b y  th e  a c t u a l  m a g n itu d e  o f  
t h e  s t r e n g t h .

INTRODUCTION

I t  i s  a m a tte r  o f  c h o ic e  w hether to  adopt a 
r a t i o n a l  b u t  a p p ro x im a te  m ethod which can 
a c c o u n t fo r  th e  com p lex  and v a r i a b l e  n a tu r e  
o f  th e  s o i l  p r o p e r t i e s ,  or to a d o p t an e x a c t  
a n a l y t i c a l  s o lu t io n  em p loyin g  a s i m p l i f i e d  
and i d e a l i z e d  m a th e m a tic a l m o d e l o f  the s o i l .  
The I d e a l i z e d  s o lu t io n  by th e  th e o r y  o f  
p l a s t i c i t y  p r o v id e s  far s t a t i c  e q u ilib r iu m  
a t  a l l  p o i n t s  In a f a l l i n g  m ass w hereas th e  
a p p ro x im a te  s o l u t i o n  by assum ing a s i n g le  
f a i l u r e  zone s a t i s f i e s  o n ly  the g r o s s  s t a t i c  
e q u i l ib r iu m  o f  th e  s l i d i n g  m a ss. The assump­

t i o n  o f  a p l a u s i b le  f a i l u r e  s u r fa c e  w i l l  no  
d o u b t r e s u l t  In an upper bound s o lu t io n  
w h ich  when m in im ize d  I s  known fra n  p r i n c i p l e s  
o f  l i m i t  a n a ly s is  t o  y i e l d  r e s u l t s  c l o s e  en 
ou gh  t o  th o s e  o b ta in e d  by e x a c t  s o l u t i o n s .

When e s t i m a t i n g  th e  s t a b i l i t y  o f  fo u n d a t io n s  
and s l o p e s ,  I t  i s  o f t e n  assum ed t h a t  th e  
s o i l  I s  h a n o g e n e o u s  and i s o t r o p i c .  B u t  i t  
i s  known t h a t  t h e  sh e a r  s t r e n g t h  i n c r e a s e s  
w i t h  d e p t h  b e y o n d  t h e  zone o f  d e s i c c a t i o n  
and a l s o  t h a t  I t  i s  d e p e n d e n t on th e  d i r e c ­

t i o n  o f  t h e  f a i l u r e  s u r f a c e .  W h ile  i t  m ay be  
d i f f i c u l t  t o  d e f i n e  t h e  e x a c t  f u n c t i o n a l  
r e l a t i o n s h i p  b e tw e en  th e  sh e a r  s t r e n g t h  and  
d e p t h  and d i r e c t i o n  o f  f a i l u r e  s u r f a c e ,  t h i s  
i n v e s t i g a t i o n  w i l l  b e  c o n c e r n e d  w it h : ( 1 )  
o b t a i n i n g  a p r o b a b le  v a r i a t i o n  o f  th e  san e  
fr o m  a c a r e f u l l y  p la n n e d  l a b o r a t o r y  e x p e r i ­

m e n t a l  s t u d y ; and ( i i )  t o  u s e  t h e s e  f i n d i n g s  
t o  e v a l u a t e  th e  i n f l u e n c e  o f  a p r a c t i c a l  

r a n g e  o f  su c h  v a r i a t i o n s  on s lo p e  s t a b i l i t y

and b e a r i n g  c a p a c i t y  o f  c l a y s  on the b a s i s  
o f  c o n v e n t i o n a l  m eth od  o f  a n a l y s i s .

¿X P iJ U M J n A L  IN '/ta lT G A X IO N

As a lr e a d y  s t a t e d  th e  e x p e r im e n t a l  work i s  
t o  o b t a in  th e  v a r i a t i o n  in  sh e a r  s t r e n g t h

( I )  w it h  d i r e c t i o n  o f  f a i l u r e  s u r f a c e ,  k e ep ­

in g  c o n s o l i d a t i o n  p r e s s u r e  c o n s t a n t ,  and

( I I )  w it h  c o n s o l i d a t i o n  p r e s s u r e ,  k e e p in g  
th e  d i r e c t i o n  o f  f a i l u r e  s u r f a c e  c o n s t a n t .  
A ls o  s t u d i e d  a r e i ( 1 )  th e  i n f l u e n c e  o f  t r a c e  
a d d i t i v e s  o f  c h e m i c a l s  w h ich  w i l l  a f f e c t  th e  
l n i t i e l  s t r u c t u r a l  s t a t e  o f  t h e  s o i l ,  « id  
( 1 1 )  th e  e f f e c t  o f  o v e r c o n s o l i d a t i o n .  S in c e  
t h e  s t r e n g t h  i s  t o  be d e te r m in e d  on a p r e ­

d e te r m in e d  f a i l u r e  p l a n e , d i r e c t  sh e a r  t e s t  
I s  th e  o b v io u s  c h o i c e .  T e s t  s a m p le s  h ave  
b e en  o b t a in e d  b y  c o n s o l i d a t i n g  s o i l  s l u r r y  
t o  a p r e d e t e r m in e d  s t r e s s  l e v e l  in  a b ig  
m ou ld  d e s ig n e d  to  r e a s o n a b l y  s i m u la t e  s e d i ­

m e n ta r y  d e p o s i t s .  B lo c k  s s n p l e  so  c o n s o l i ­

d a t e d  i s  t r a n s f e r r e d  t o  a t i l t i n g  fr m e  w hich  
can  b e  f i x e d  in  any p o s i t i o n  b e tw e e n  v e r t i c a l  
and h o r i z o n t a l ,  and a sq u a r e  m o u ld  o f  6  cm. 
i n t e r n a l  s i d e  i s  p u sh ed  v e r t i c a l l y  i n t o  th e  
sa m p le  s o  t h a t  a n y  p r e d e te r m in e d  i n c l i n a t i o n  
ca n  b e  o b t a in e d  b e tw e e n  th e  f a i l u r e  s u r f a c e  
and th e  d i r e c t i o n  o f  s e d i m e n t a t i o n .

T he in d e x  p r o p e r t i e s  o f  c l a y  c o n c e n t r n t e d  

b l a c k  c o t t o n  s o i l  u se d  in  t h i s  s t u d y  a r e :
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L. L  = 234 per c e n t ,  ?L = 70  per c e n t , i ^  = 10 
per c e n t .

.^igure 1 r e p o r t s  the v ^ l a t l o n  o f  undr alned 
s t r e n g t h ,  g i v e n  by the r a d i a l  d i s t a n c e ,  

witn  the d i r e c t i o n  o f  f a i l u r e  s u r f a c e ,  0 , 
f o r  9 s a mp l e  n o r ma l l y  c o n s o l i d a t e d  t o  a 

t y p i c a l  p r es s u re  o f  30 p s i .  , each curve  in 
I t  belnc  for  a p a r t i c u l a r  type  o f  pcre  
r iu Id, v i z . ,  sodium o x a l a t e  t r e a t e d ,  u n t r e a ­

ted and l ime t r e a t e d .  *hi l e  t h e  e x p a ' l me n t a l  

v a l u e s  are shown by p o i n t s ,  the anootn c u r -  
vas  are tho  g iven  by the  r e l a t i o n s h i p s

2
C,, <. (~os  6 ♦ n ¿ i n  e) . . .  ( l )

c  h

, . - r ?  n I s  t h e  ~ ^ * 1 o  o f  the e x p e r i m e n t a l l y
■ ' . ' r - i n o l  : o l "  • ¿i  s t r e ng th s  on v e r t i c a l  

i - l  l l u r e  sur f a c e s (  i .  e.  , C y/ C^ ) .

/You 1 be seen th a t  l i quat i on ( 1)

( p h y s i c a l  b a s i s  o f  which i s  g iven  i n r e f . 3) 
1s t  r e a s o n a b l y  good r e p r e s e n t a t i o n  of  a c ­
t u a l  b e h a v i ou r .  * l t h  sodium o x a l a t e  t h e  

p a r t i c l e s  tend t o  g e t  b e t t e r  o r i e n t e d  due  

t o  an i n c r e a s e  in the r e p u l s i v e  f o r c e  r e s u l t  
ing  in a g r e a te r  a n i s o t r o p i c  e f f e c t  and a

r e d u c t i o n  i n t he o v a 1 a l l  s t r e n g t h  l ev e l ,  

whe n  t h e  s o i l  i s  t r e a t e d  wi t h  l i me ( f l o c c u -  

l ent )  t h e r e  i s  an  i n c r e a s e  i n t h e  a t t r a c t i v e  

f o r c e  wh i c h  r e s i s t s  d e v i a t i o n  f r om t he r a n d a n  

s t r u c t u r e  r e s u l t i n g  i n a mo r e  cr  l es s  i s o ­

t r op i c  c o n d i t i o n  and wh i c h  a l s o  i n c r e a s e s  

t he ov er  a l l  s t r e n g t h  l ev e l ,  f i g u r e  2 s u mma ­

r i z e s  t he  e x p e r i me n t a l  v a l u e s  o f  s t r e n g t h  

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

p r e s s u r e s .  For  t he  r a i g e  o f  p r e s s u r e s  t es t ed,  

i t  i s  s ee n  t h a t  l i me  t r e a t e d  s o i l  i s  me r e  

or  l es s  i s o t r o p i c  wh e r e a s  u n t r e a t e d  and  

s o d i um o x a l a t e  t r e a t e d  s o i l s  e x h i b i t  a n i s o ­

t r o p y ,  t h e  ma g n i t u d e  o f  wh i c h  c h a n g e s  f t ’ om 

a v a l u e  g r e a t e r  t ha n  u n i t y  t o o n e  l ower  t ha n  

u n i t y .  Ho we v e r ,  wh a t  i s  n o t  b r o u g h t  o u t  i n 

t he f i g u r e  i s  t he t e s t  r e s u l t  t h a t  l i me  

t r e a t e d  s o i l  h a s  s l i g h t l y  g r e a t s '  s t r e n g t h  

on a f a i l u r e  p l a n e  i n c l i n e d  a t  a b o u t  45®.

Al s o  s h o wn  as  d o t t e d  l i n e s  i n t he  s ame f i ­

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

v a l u e s  o f  over -  c o n s o l i d a t e d  c l a y s  ( wi t h  and  

wi t h o u t  s o d i u m o x a l a t e  as  a d d i t i v e s )  a l l  of  

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

t h r e e  t i me s  t h e  e f f e c t i v e  n o r ma l  s t r e s s  a t  

wh i c h  t h e y  h a v e  b e e n  s hear ed .  I t  i s  s een  

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

of  s t r e n g t h  an I s o t r o p y  b o t n  i n ma g n i t u d e  

a n d  i n i t s  v a r i a t i o n  wi t h  e f f e c t i v e  s t r es s .

Th e  s a n e  r e s u l t s  h a v e  b e e n  u s e d  t o r e l a t e  

t h e  und r  a l n e d  s hear  s t r e n g t h  e i t he r  on h o r i ­

z o n t a l  cr  v e r t i c a l  f a i l u r e  s u r f a c e  wi t h  

c o n s o l i d a t i o n  p r e s s u r e  i n f i g u r e  3.  Th e s e  

r e s u l t s ,  wh i l e  c o n f i r mi n g  t he  f i n d i n g s  of  

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

n g t h  wi l l  i n c r e a s e  a l mo s t  l i n e s r l y  wi t h  

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

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

f ac e r e ma i n s  c o n s t a n t .  Th e s e  r e s u l t s  a l s o  

e mp h a s i z e  t h a t  e x c e p t  f ar  l i me  t r e a t e d  s o i l ,  

t he v a r i a t i o n s  i n Cy  and Ch wi t h  c o n s o l i d a ­
t i on  p r e s s u r e  f o l l o w d i s t i n c t l y  d i f f e r e n t  

l i nes .  I t  i s  t hu s  l o g i c a l  t o d e f i n e  t h e  

s hear  s t r e n g t h  at  t f i y d e p t h  i n r e l a t i o n  t o  

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

f o l l o wi n g  ma n n e r :

Ghz  = c ho ( 1 + 1h j£~  ̂ . . .  ( 2a)

^ v z  = ^ v o  ^1 + l v  ^ “ ) - n c o  Gh o ^ l + \

. . .  V b J
wh e r e  1^ and 1^  r e s p e c t i v e l y  d e f i n e  dl s t i nc _t  

l y  d i f f s ’ en t  c o e f f i c i e n t s  o f  v a r i a t i o n  i n  

and Ck  o v e r  a s i g n i f i c a i t  d e p t h  H.  Th i s  f o r m 

of  d e f i n i n g  t he v a r i a t i o n  ov er  a s i g n i f i c a n t  

d e p t h ,  s u c h  as  t he  h e i g h t  o f  s l ope (H ) i n 

s l o p e  s t a b i l i t y  p r o b l e ms  cr  h a l f  t he  wi d t h  

( b)  i n b e a r i n g  c a p a c i t y  p r o b l e ms ,  h e l p s  t o  

n o n - d i me n s i o n a l i s e  t h e  c o e f f i c i e n t s .  Co mb i n ­

i n g  l i quat i ons  ( l /  and v2) an e x p r e s s i o n  f or  

u n d r a l n e d  s hear  s t r e r ^ t h  at  a n y  d e p t h  on  

a n y  f a i l u r e  s u r f a c e  i n c l i n e d  at  an a n g l e  0 
f i g . i : u n d ra in e d  sh e a r  s t r e n g t h  o n  d i f f e r e n t  t o t he h o r i z o n t a l  i s  ob t a i n e d .

FAILURE SURFACES .

^ z  = Cho (1 + Xh 1H  Cos2e + n co

( 1 + 1  4 _ ) j l n 2 e . . .  (3)
H

(Normally consolidated to 30  p.*.i. )

Untreated.
1 -o— Treated with sodium oxalate. 

\-9— Treated with lime.

Scale: lem
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FIG. 3.

F I G.  2  .

Co n s o l i d a t e d  u n d r a l n e d  t r l a x i a l  c o mp r e s s i o n  
t e s t s  wi t h  p c r e  p r e s s u r e  me a s u r e me n t  h a v e  
b e e n  c a r r i e d  ou t  on 1+ I n.  d i a me t e r  s a n p l e s  

e x t r a c t e d  a t  d i f f e r e n t  I n c l i n a t i o n s  wi t h  

t he  u s e  o f  t i l t i n g  f t * one.  Th e  t e s t  r e s u l t s  

a r e  r e p o r t e d  I n Ta b l e  I  wh i c h  g i v e s  a ma x i ­

mu m c o e f f l c i a i t  o f  a n i s o t r o p y  as  1 . 146  

t _  t an  3 3  ) .

1 = t an 2 4 . h *

TAo L a  I

I n c l i n a t i o n  

b e t we e n  s e d i ­

me n t a t i o n  and

sam plin g  0 « o o o o o 
d i r e c t i o n s  0  15 3 0  4 5  6 0  7 5  90

0 / a o ^ o  a  o  O  O

3 1 33  30. 5  3 0 3 0 . 5  2  9 . 5  3 2

Th i s  l i mi t e d  s t u d y  i s  u s e d  o n l y  t o g e t  a 

q u a l i t a t i v e  a s s e s s n e n t  o f  t he  f a c t  t h a t  t he,  

c o e f f i c i e n t  o f  a n i s o t r o p y  wi t h  r e s p e c t  t o 0

wi l l  dev i a t e  r a t h e r  s l i g h t l y  f r oci  un i t y .  
He n c e  t he a n a l y s i s  i nc o r p o r a t i n g  t he e f f e c t  

of  a n i s o t r o p y  I n and t ha t  of  i nc r eas e  

i n wi t h  d e p t h  wo u l d  r e ma i n  an ac adan l c  

e x e r c i s e  u n t i l  mo r e  e x t e n s i v e  r e s u l t s  wa r r a ­

n t  t he i r  us e I n p r ac t i c e .

cci AKl l <I G CAPACI T Y F OR ¿hAi ^ LO*  r \ X i1. L) A i l  ÛN o

c e a r l n g  c apa c i t y  o f  f o u n d a t i o n s  an n o r ma l l y  
c o n s o l i d a t e d  s a t u r a t e d  c l a y  i s  r e c o g n i s e d  
t o b e  c r i t i c a l  at  t he  end o f  c o n s t r u c t i o n  

owi ng t o wh i c h  t he  a n a l y s i s  i s  c a r r i e d  ou t  
I n t e r ms  of  u n d r a l n e d  s hear  s t r e n g t h  o f  t he 

s oi l ,  wh i l e  i t  ma y  b e  d i f f i c u l t  t o d e t e r mi n e  

t he e x a c t  me c h a n i s m i n v o l v e d  I n a f a i l u r e ,  

a c y l i n d r i c a l  f a i l u r e  s u r f ac e  i s  adop t ed  f cr  

t he ana l y s i s ,  s i nc e  t h i s  s t udy  i s  p r i ma r i l y  
c o n c e r n e d  wi t h  t he e f f e c t  o f  r e a l i s t i c  v a r l j  

t l on  I n s t r e n g t h  wi t h  d e p t h  and d i r e c t i o n  

of  f a i l u r e  s ur f ac e  on t he u l t i ma t e  bea r i ng  

c a p a c i t y .  Fi g u r e  4  s hows  a t y p i c a l  f a i l u r e  

s u r f ac e  wh i c h  i n c i d e n t a l l y  d e f i n e s  t he
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13 O

FIG. 4

v a r i o u s  n o t a t i o n s  us ed .  For  l i mi t i n g  e q u i l i ­

b r i u m o f  t he  ma s s  a bov e  t he p o t e n t i a l  s u r f a c e  

o f  r u p t u r e  AuCki ,  t he  t o t a l  d i s t u r b i n g  mo me n t  

a b o u t  0 mu s t  b e  e q u a l  t o t h e  t o t a l  r e s i s t i n g  

mo me n t  a bou t  t h e  s a n e  p o i n t  ( F i g u r e  4) .

Di  s t ur  b i ng mo m en t  

Re s i s t i n g  mo me n t  =

■J

2b q ( x  -  b)

Ï +  2

C ( x - b ) d z  
v z

wh e r e  q i s  t h e  u n i f o r m I n t e n s i t y  o f  p r e s s u r e  

a t  f o u n d a t i o n  l e v e l  I n e x c e s s  o f  t he ov er bur ­

d e n  p r e s s u r e .

c 6z  -  c ho [  ( l  + x h Co s 2 e  + n  

( l + lv  f  ) Sl n 20 ]  

z = R Co s  0 -  y  + d,

C O

Co s - 1 ( ) ,  "p = t a n " A( |  ) ,  

2, b = h a l f  wi dt  

d e p t h  o f  f o u n d a t i o n

x

R2 = x 2+ y 2 , b = h a l f  wi d t h  o f  f ounda t i on ,

x  and y  ar e t he c o o r d i n a t e s  o f  t he 

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

Ma l l  a d h e s i o n  at  d e p t h  z i s  t ak en  as  m C y Z 

i n wh i c h  t he mu l t i p l y i n g  f ac t c r  m wi l l  

g e n e r a l l y  be  a r o u n d  0 . 5  ( Sk a n p t o n  1959) .  

Eq u a t i n g  t he  t wo  mo me n t s ,  a f t e r  i n t e g r a t i o n  

wi t h i n  a p p r o p r i a t e  l i mi t s ,  an e x p r e s s i o n  

f or  t he r a t i o  q / C^  i s  o b t a i n e d  i n t e r ms  o f  

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

and y.

'h o

= F U , y ,  n c o , d ,  i h , 1 b)

. . .  ( 4)

To a r r i v e  a t  t h e  mi n i mu m v a l u e  o f  q a t  i n c i ­

p i e n t  f a i l u r e ,  t he e x p r e s s i o n  i s ,  t h e r e f o r e ,  

mi n i mi s e d  wi t h  r e s p e c t  t o  x  and  y.

t> F ~t>f

' b y
= o

12 0 --------

n o

I OO

9 0

cr
u

z

o 8 0

a
>

7.0

6 0

5 0

4 0
0-5

The v a l u e s  o f  x  and y  s a t i s f y i n g  t he a b o v e  

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

t er  and b y  s u b s t i t u t i n g  t h e s e  v a l u e s  i n 

Eq u a t i o n ( 4 ) t he r a t i o  t q \

( t h e  b e a r i n g  c a p a c i t y  f ac t c r  f ar  t he c o m­

b i n e d  e f f e c t  o f  c o h e s i o n  and  s u r c h ^ g e )  i s  

ob  t a l ned .

Fi g u r e  5  p r e s e n t s  t y p i c a l  v a r i a t i o n  i n N c q  

v a l u e s  s o  c o mp u t e d ,  wi t h  s t r e n g t h  t f i i so-  

t r o p y  n c o  d e v i a t i n g  b y  5 0  per  c e n t  on e l t h f f  

s i d e  o f  u n i t y  ( i s o t r o p i c  s t at e)  i n t e r ms  

o f  t h e  f o l l o wi n g  f a c t o r s  a n d  t he i r  r ange ;

( i )  d e p t h  f a c t <r ,  d / b  — 0  t o  2;  ( i i )  c o e f f i ­

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

I n c r e a s e  r e s p e c t i v e l y  on  t he h o r i z o n t a l  and  

v e r t i c a l  f a i l u r e  s u r f a c e s  1^  and L  -  0  t o

Lon i s  r e l eO. l .  Si n c e  Ne b y  d e f i n i t i o n a t ed

t o  an I n c r e a s e  i n n c 0  me a n s  an  i n c r e a s e  

i n  Cy 0 wh i c h  i n  t u r n  i n c r e a s e s  t he  b e a r i n g
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c a p a c i t y  f a c t o r .  Th e s e  r e s u l t s  h a v e  b e e n  

u s e d  t o r e l a t e  t he  v a r i a t i o n  o f  N c q wi t h  

d e p t h  f ac t o r  f cr  t he t wo  l i mi t i n g  c o n d i t i o n s  

o f  a n i s o t r o p y  h e r e i n  s t u d i e d  i n Fi g u r e  6.  

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

o f  N Cq wi t h  d e p t h  f ac t o r  f cr  I s o t r o p i c  s o i l  

t o  s e r v e  as  a u s e f u l  r e f e r e n c e  f cr  c o mp a r i ­

s on.  I t  I s  e v i d e n t  t h a t  an I n c r e a s e  I n 

s hear  s t r e n g t h  b s  we l l  a s  i t s  v a r i a t i o n  wi t h  

d e p t h  on  a v e r t i c a l  f a i l u r e  s u r f a c e  wi l l  

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

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

wi l l  a l s o  b e  mo r e  p r o n o u n c e d .  The  i n f l u e n c e  

o f  a n i s o t r o p y  on N c _ i n c r e a s e s  wi t h  f o u n d a ­

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

b e e n  c c n p r e h e n d e d  f r om t h o s e  o f  t he p r e v i o u s  

i n v e s t i g a t o r s .  Th e  d a s h  and d o t  l i ne  I n

F I G.  6 .

Fi g u r e  5  r e p o r t s  t he  i n f l u e n c e  or  i g n o r i n g  

wa l l  a d h e s i o n  ( i . e . ,  m = 0;  I n s t e a d  o f  

a s s u mi n g  i t  t o b e  h a l f  t he  v a l u e  o f  c o h e s i o n  

on v e r t i c a l  s u r f a c e .  As  c a n  b e  e x p e c t e d ,  

i g n o r i n g  m r e d u c e s  Np q ,  t he r e d u c t i o n  b e i n g

f
r o p o r t l o n a l  t o t he  l e v e l  of  a n i s o t r o p y  

a b o u t  4  per  c e n t  at  n ~ 0  = 0 . 5  and ab o u t  

8  per  c e n t  a t  n c 0  = 1. 5) .  Fi g u r e  7  r e p o r t s  

t he  v a r i a t i o n  i n t h e  n o n - d i me n s i o n a l  f ac t c r  

d e f i n i n g  t he  d e e p e s t  l e v e l  t o u c h e d  b y  t he  

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

a t  s u r f a c e ,  a n d  f or  t h o s e  f o u n d e d  a t  d e p t h s  

e q u a l  t o  h a l f  a n d  f u l l  wi d t h  of  t he f o u n d a ­

t i on .  A d e c r e a s e  i n n _ 0  and  l y  me a n s  a 

d e c r e a s e  i n Gy wh i c h  i n o t her  wo r d s  me a n s  

t h e  v e r t i c a l  p l a n e  t o  b e  r e l a t i v e l y  we ak e r  

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

d e e p e r .  An o t h e r  r e s u l t  d i s c e r n i b l e  Ar an  t he  

r e s u l t s  i n Fi g u r e  7 i s  t h a t  t he  v a r i a t i o n  

i n  t he d e p t h  b e t we e n  t he  f o u n d a t i o n  l e v e l  

and t he d e e p e s t  l e v e l  o f  t he  f a i l u r e  s u r f a c e  

i s  n e g l i g i b l e  and  i f  any ,  i n c r e a s e s  s l i g h t l y  

wi t h  d e p t h .

Value of nco ------- «- 

0-5-------------------- IO ----------------------15

SLOPl i i  S T A B I L I T Y

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

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

( no  l o a d  s t a t e  e i t he r  a t  t he  ai d o f  c o n s t r u c ­

t i on  or  a f t e r  d r a wd o wn ,  wa t e r  l oad  and  wav e  

a c t i o n  d u r i n g  f u l l  r e s e r v o i r  c o n d i t i o n )  and 

i n t e r n a l  s t r e s s e s  ( e f f e c t i v e  ai d n e u t r a l  

s t r e s s e s ,  s e e p a g e  f o r c es )  t oge t he r  wi t h  t he 

f a c t  t h a t  c h a n g e s  t a k e  p l a c e  I n t he  c o n s t i ­

t u e n t s  o f  t h e  s o i l  c o mp l e x  ( c h a n g e s  i n wat er  

c o n t e n t  a n d / o r  d e g r e e  o f  s a t u r a t i o n ,  I on  

e x c h a n g e s ,  d e p o s i t i o n  and / o r  I n t e r n a l  e r o s i o n  

of  f i ne  p a r t i c l e s )  and t he p r o c e s s  o f  i n c o r ­

p o r a t i n g  t he  s hea r  s t r e n g t h  t o b e s t  r e p r  e s e n t  

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

t o t he mo s t  c r i t i c a l  c o mb i n a t i o n  o f  t h e s e  

at  any  t i me,  ar e as  I mp o r t a n t  as  t h a t  o f  

ma k i n g  c o r r e c t  s t a b i l i t y  an a l y s i s ,  b e c a u s e  

o f  t h i s ,  a r a t i o n a l  me t h o d  o f  a s s e s s i n g  t he 

f ac t c r  o f  s a f e t y  o f  a s l o p e  at  any  t i me  wou l d  

b e  t o  r e l a t e  t he s t r e n g t h  t h a t  I s  l i k e l y  t o 

be mo b i l i z e d  c o mp a t i b l e  wi t h  t he  t hen e x i s t ­

i ng  f i e l d  c o n d i t i o n s  wi t h  a c o n t r o l  c h a r t
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wh i c h  I s  n o t h i n g  o t he r  t h a n  a c u r v e  p r o v i d i n g  

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

n u mb e r  N ( = Cf t o/ VH)  and  t he c o e f f i c i e n t  o f  

i n t e r n a l  f r i c t i o n  t an 0h o *  1 1 ma y  b e  n o t e d  
t h a t  t he  c o n t r o l  c h a r t  I s  i n f l u e n c e d  b o t h  

b y  t he  a s s u mp t i o n s  on wh i c h  t he  me t h o d  o f  

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

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

f a i l u r e  s u r f a c e .

Th e  p r e s e n t  s t u d y  i s  d e v o t e d  p r i ma r i l y  t o  

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

c o n t r o l  c h a r t s  f <r  t y p i c a l  c l ay  s l o p e s  wh o s e  

s hear  s t r e n g t h  v a r i e s  wi t h  d e p t h  and d i r e c ­

t i o n  o f  f a i l u r e  s u r f a c e .  Th e  me t h o d  f o l l o ws  

t he a n a l y s i s  o f  J a n b u  ( 1954)  ( b a s e d  on  

d l me n s i o n l e  s s  par  me t e r s  f or  b a s e  f a i l u r e ) .  

Th e  s hear  s t r e n g t h  on an e l e me n t  at  

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

a t  6 t o  t he h o r i z o n t a l  c a n  be e x p r e s s e d  as  

f o l l ows ;

s z 6 = 3 z h  Co s ^  + S zv  Sl f l 2e 

= ( C, h+ < r , t a n  0 z h ) Co s 2 e + ( Cr o> o : h t an' zh zv 

S i n 2 0

zv zh zv

( 5)

To  f a c i l i t a t e  e l e g a n t  p r e s e n t a t i o n  and n o t  
t o c l ou d  t he me t h o d  wi t h  t o o  ma n y  a c o n s t a n t ,  
t h e  p r o b l e m h a s  b e e n  l i mi t e d  t o  t he f o l l o w­

i ng  p a r t i c u l a r  c e s e  whe n  e i t h e r  of  t h e  a n i ­

s o t r o p i c  c o e f f i c i e n t s  n c and n ^  d o  n o t  v a r y  
wi t h  d e p t h  wh i c h  i n c i d e n t a l l y  ma k e s  t he  
v a r i a t i o n  o f  a s t r e n g t h  p a r a n e t a r  wi t h  d e p t h  
o n  h o r i z o n t a l  a n d  v e r t i c a l  f a i l u r e  s u r f a c e s  
t he  s ame.  Th e  a n a l y s i s  i s  wi t  a r e s p e c t  t o a 
s l o p e  i n c r i t i c a l  s t a t e  u n l i k e  t h e  me t h o d s  
g e n e r a l l y  u s e d  f or  s l o p e s  I n wh i c h  t he 
s t r e n g t h  mo b i l i s e d  i s  ma d e  a f r a c t i o n  o f  
a c t u a l  s t r e n g t h  ( i . e . ,  = 3 / ?)  i n  o r d e r  
t o  p o s t u l a t e  a I g n i t i n g  s t a t e .  He n c e  t he  
s l o p e  i n e f f e c t  i s  i n an a c t i v e  s t a t e  wh i c h  
c o n d i t i o n  g i v e s  r i s e  t o  t he f o l l o wi n g  
r  es u i t s

<S~_h = K 6 “  = K Y z
zn a zv a

( 6 )

i n  wh i c h  K fl i s  t h e  c o e f f i c i e n t  o f  a c t i v e  

e a r t h  p r e s s u r e  I n a b a c k f i l l  wi t h  t h e  s ane  

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

o b t a i n i n g  h a s  b e e n  s u g g e s t e d  i n r e f .  2.

The  e x p r e s s i o n  f or  3 zg wi l l  n o w b e c a n e ;

3 z e = ( l + l 0 ^ C ^ t C o s V n c S l n ^ )  + ( 1 +1<j £ )

. . .  ( 7)t an 0 h o ( Go s 20+. K. an 0 Si n 2 6)

wh e r e  1 .  and l j  a r e  d i me n s  i on l es s  c o e f f i ­

c i e n t s  d e f i n i n g  t h e  s t r e n g t h  i n c r e a s e  wi t h  

r e s p e c t  t o  C t f i d t an 0  r e s p e c t i v e l y ,  i br  

c r i t i c a l  e q u i l i b r i u m t he  o v e r t u r n i n g  and  

r e s i s t i n g  mo me n t s  a b o u t  0  ( c e n t r e  o f  r o t a ­

t i on,  Fi g u r e  8)  a r e  e q u a t e d  wh i c h  on s i m­

p l i f i c a t i o n  ( d e t a i l s  g i v e n  I n r e f .  3 )  wi l l  

y i qI ds

a * z

FIG. 8 .

N = / r c  ( n C’ r ’ d ’ 1 c ) + ta n  ^

J t ÇS ( n 0 ’  r ’  d ’  V  Ka )

3 - V / c  ( r ’  b ’  d )
( 8 )

Eq u a t i o n  ( 8)  g i v e s  t he f u n c t i o n a l  i n t e r r e l a ­
t i on  b e t we e n  t h e  s t a b i l i t y  n u mb e r ,  N and  

t he c o e f f i c i e n t  o f  i n t e r n a l  f r i c t i o n  t an 0 hcf  

For  a p a r t i c u l a r  s l o p e  wi t h  t he  v a l u e s  o f  

b , d , n c , l c , tijk and  1,  d e f i n e d ,  i t  i s  p o s s i b l e  

t o  o b t a i n  c r i t i c a l  c ’o mb i n a t i o n s  o f  N and  

t an t>h0 u s i n g  an i t e r a t i v e  p r o c e s s .  Ho we v e r ,  

f c r  t he  0  = 0 c a s e  N i s  e x p l i c i t l y  d e f i n e d .  

Th e  i t e r a t i v e  p r o c e s s  i n b r i e f  c o n s i s t s  o f  

a s s u mi n g  a v a l u e  o f  N ( l e s s  t h a n  t h a t  f or

0  = 0)  f c r  a p a r t i c u l a r  v a l u e  o f  t t f i  0 h o , 

t he v a l u e  o f  K a i s  c o mp u t e d  wi t h  m = 1 and  

s u b s t i t u t e d  i n e q u a t i o n ( 8 ) t o  y i e l d  a n e w 

v a l u e  o f  N.  Th i s  p r o c e s s  i s  r e p e a t e d  i n a 

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

b e t we e n  t wo  s u c c e s s i v e l y  c o mp u t e d  v a l u e s  o f  

N i s  l e s s  t han « i y  d e s i r e d  s n a i l  v a l uef c , .
Th e  c u r v e  r e l a t i n g  s o  c o mp u t e d  v a l u e s  o f  N 

and t « i  0 £ O I s  t he c o n t r o l  c h a r t  f c r  t he  

a b o v e  d e f i n e d  s l ope .

Fi g u r e  9  r e p o r t s  t h e  c o n t r o l  c h a r t s  f or  a 

t y p i c a l  s l o p e  wi t h  b = 2 . 5  ( l  v e r t i c a l  i  2 . 5  

h o r i z o n t a l )  f or  an i s o t r o p i c  d e p o s i t  wh e n  

i t  i s  h o mo g e n e o u s  wi t h  r e s p e c t  t o  o n l y  

c o e f f i c i e n t  o f  i n t e r n a l  f r i c t i o n  and t h e  

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

s l ope.  Th i s  f i g u r e  i n a d d i t i o n  t o d o n  on s-  

t r a t i n g  t he c o n t r o l  c h a r t s  t o b e  l i n e a r  wh e n  

d e p t h  t o h a r d  s u r f a c e  i s  f i x ed ,  i n d i c a t e  t h e  

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

wi t h  d e p t h  on c o n t r o l  c ha r t .  J u d g e d  f r om t he  

f a c t  t h a t  c l o s e r  i s  t he c o n t r o l  c h a r t  t o t he 

c r i g i n ,  t h e  h i g h e r  wi l l  b e  t h e  f a c t o r  o f  

s a f e t y  o f  t he  s l o p e  f or  a p a r t i c u l a r  v a l u e
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e q u a l l y  on e i t h e r  s i de  o f  t h a t  f or  i s o t r o p i c  

c a s e  and I n k e e p i n g  wi t h  t h e  p h y s i c a l  b e h a ­

v i o u r ,  an i n c r e a s e  i n t he  v a l u e  o f  a n i s o ­

t r o p i c  c o e f f i c i e n t  wi l l  ma k e  t he s l o p e  s af er .  

Al s o  s h o w  d o t t e d  i s  t he  c o n t r o l  c h £ T t  f ar  

n c = 2 and n -  = 1 wh i c h  i s  c l e a r l y  s e e n  t o  

n r r r o s c h  t h e ^ c o n t r o l  c h a r t  f or  n  = n ~  = 2  

a t  l a r g e  v a l u e s  o f  N a n d  n c = nj |  = 1 l i t  l a r g e  

v a l u e s  o f  t an £ u 0 . Th u s  I t  c o n f i r ms  t he  

f a c t  t h a t  e f f e c t  o f  e n i s o t r o p y  wi t h  r e s p e c t  

t o a s t r e n g t h  p a r a me t e r  g e t s  e n h s n c e d  as  

t he  a b s o l u t e  v a l u e  of  t h a t  p a r a me t e r  I n c r e a ­

ses .  Fi g u r e  12  r e p o r t s  t he  v a r i a t i o n  i n 

t an 0 h o  ^ ar  8 f i x « d  v a l u e  o f  N a t  O. OOl  wi t h  

« l l s o t r o p y ,  wi t h  r e s p e c t  t o  e i t h e r  o f  t h e  

s t r e n g t h  p a r a me t e r s  k e e p i n g  t he o t her  s t r e n j  

t h  p a r a me t e r  i s o t r o p i c ,  d i f f e r e n t  l i n e s  

I n d i c a t i n g  d i f f e r e n t  d e p t h s  t o  h a r d  s ur f ac e .  

Th e  f u l l  l i n e s  ar r -  f or  t he s o i l  i s o t r o p i c  

wi t h  r e s p e c t  t o  f  * nd  t he d o t t e d  l i n e s  f ar  

a s o i l  i s o t r o p i c  wi t h  r e s p e c t  t o  c.  Th i s  

a l s o  c o n f i r ms  t h a t  a n i s o t r o p y  wi t h  r e s p e c t  

t o  on l y  0  a f f e c t s  t he v a l ue  o f  t an 0 h o  f ar

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

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

i n c r e a s e  wi t h  d e p t h  ( i . e . ,  ma k i n g  l c  = 0)  

wi l l  ma k e  t he f ac t o r  o f  s a f e t y  c a n p u t a t l o n  

e r r  on t h e  c o n s e r v a t i v e  s i de ,  t he  e r r or  

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

e n t  I s  t he f a c t  t h a t  a s  N a p p r o a c h e s  z er o,  

t h e  l o c a t i o n  o f  t he  c o n t r o l  cht f * t  b e c o me s  

a l mo s t  i n v a r i a n t  ( i . e . ,  c o n v e r g i n g  t o a 

p o i n t ) .  Fi g u r e  10 r e p o r t s  t he i n f l u e n c e  of  

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

wi t h  b = 2 . 5  wh e n  t he s o i l  i s  h o mo g e n e o u s  

a n d  i s o t r o p i c  wl t b ' r e s p e c t  t o 0  but  a n i s o ­

t r o p i c  and  n o n - h o mo g e n e o u s  wi t h  r e s p e c t  t o  

c o h e s i o n .  Fi g u r e  l l r e p c r t s  t he I n f l u e n c e  

o f  a n i s o t r o p y  d e v i a t i o n s  on e i t h e r  s i d e  o f  

i s o t r o p i c  s t a t e  ( i . e . ,  e l t h f f  n -  *  n ^  = 0 . 5  

or  n c = tifj = 2)  on c o n t r o l  c h a r t s  f or  t he  

s a n e  s l ope  wh e n  t he s o i l  i s  h o mo g e n e o u s  wi t h  

r e s p e c t  t o  o n l y  0  ( i . e . ,  y j  = 0)  and 1  »

0 . 25 .  Th e  l i n e s  g e t  s h i f t e d  mo r e  or  l e s s

F I G.  I O.

FIG. II .
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c o n s t a n t  d e p t h  t o h a r d  s u r f a c e .  Fi g u r e  13 

r e p c r t s  t he  v a r i a t i o n  I n  c r i t i c a l  r a d i u s  wi t h  

d e p t h  t o  h a r d  s u r f a c e  f ar  t he t wo  l i mi t i n g  

c o mb i n a t i o n s  o f  a n i s o t r o p y  s t u d i e d  ( I . e . ,  

n = n „  = 0 . 5  and n  = n^  = 2) .  Wh e n  v i e we d  

f r c m t h e  g e o me t r i c a l  f a c x  t h a t  f ar  a f i x ed  

d e p t h  t o h a r d  s u r f ac e ,  an I n c r e a s e  I n c r i t i ­

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

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

a g e - o l d  o b s e r v a t i o n  t h a t  t he f a i l u r e  wi l l  

f o l l o w t hb p a t h  o f  l e a s t  r e s i s t a n c e .

CONCL USI ONS

Th e  e x p e r i me n t a l  s t u d y  l e n d s  s u p p o r t  t o  t he 
h y p o t h e s i s  t h a t  t h e  u n d r a l n e d  s t r e n g t h  of  
an e l e me n t  o f  s o i l  a l o n g  a p l a n e  o t he r  t han  
t h e  h o r i z o n t a l  or  v e r t i c a l  I s  e q u a l  t o t he

FIG. 13 .

v e c t o r i a l  s um o f  t h o s e  a c t i n g  on  t h e  p r o j e c t ­
ed  a r e a s  o f  t he e l e me n t  on t h e  v t f t l c a l  and  
h o r i z o n t a l  p l a n e s .  F h r t h « 1 wh e n  t h e  s o i l  i s  
i n  a f l o c c u l e t e d  s t a t e  wi t h  a s t r o n g l y  b i n d ­

i ng c a l c i u m i o n ,  t he  s o i l  i s  mo r e  or  l e s s  
I s o t r o p i c  wi t h  r e s p e c t  t o  s t r e n g t h  wh e n  c o n ­

s o l i d a t i o n  p r e s s u r e s  ar e i n t h e  n e i g h b o u r h o o d  
o f  2 t o n s / f t 2 . Th e  i n c r e a s e  o f  s t r e n g t h  on  
h o r i z o n t a l  a n d  v e r t i c a l  f a i l u r e  s u r f a c e s  
t h o u g h  l i ne a r  wi t h  c o n s o l i d a t i o n  p r e s s u r e  
f o l l o w d i s t i n c t l y  d i f f e r e n t  l i nes .  Th i s  I s  
p r o b a b l y  d u e  t o t h e  c o mp l e x  i n f l u e n c e  of  
i n t er  pef  t i d e  f o r c e s  as  t he  d i s t a n c e  b e t we e n  
Pf f f  t i d e s  c h a n g e s  d u e  t o c o n s o l i d a t i o n .  I n  
o n e - d i me n s l o o a l  c o n s o l i d a t i o n  t he d i s t a n c e  
b e t we e n  pa r  t i d e s  i n t he  v e r t i c a l  d i r e c t i o n  
c h a n g e s  wi t h  l i t t l e  or  mu c h  l es s  c h a n g e  I n 
t h e  l a t e r a l  d i r e c t i o n .

Nu me r i c a l  r e s u l t s  h a v e  b e e n  p r e s e n t e d  I n t he  
f o r m o f  g r a p h s  r e l a t i n g  t h e  c o mb i n e d  b e a r i n g  
c a p a c i t y  f ac t o r  o f  a s h a l l o w s t r i p  f o u n d a t i o n  
i n t e r ms  of  c o e f f i c i e n t s  d e f i n i n g  s t r e n g t h  
a n i s o t r o p y  and  s t r e n g t h  I n c r e a s e  wi t h  d e p t h  
on v e r t i c a l  a n d  h o r i z o n t a l  f a i l u r e  s u r f ac es .  
Th e  v a l u e  o f  u l t i ma t e  b e a r i n g  c a p a c i t y  f or  
an a n i s o t r o p i c  me d i u m c h a n g e s  a s  t h e  c o e f f i ­
c i e n t  o f  a i l s o t r o p y  b u t  at  a l e s s e r  r a t e  
wh e n  c o mp a r i s o n s  a r e  ma d e  wi t h  en  i s o t r o p i c  
me d i u m h a v i n g  t h e  s a me  s t r e n g t h  o n  t he h o r i ­

z o n t a l  p l ane .  Th e  b e a r i n g  c a p a c i t y  I n c r e a s e  
c o n s e q u e n t  on l i ne a r  I n c r e a s e  I n s hear  s t r e ­

n g t h  wi t h  d e p t h  i s  mo r e  or  l es s  o f  t he  s ame  
or der  as  t h e  s t r e n g t h  I n c r e a s e .  Th e  i n f l u e n c e  
of  a n i s o t r o p y  as  we l l  es  s t r e n g t h  I n c r e a s e  
b e c o me s  mo r e  p r o n o u n c e d  on  b e q r l n g  c a p a c i t y  
f a c t o r  as  f o u n d a t i o n  d e p t h  i n c r e a s e s .

A me t h o d  o f  a n a l y s i s  o f  s t a b i l i t y  o f  s l o p e s  
wh i c h  c g i  be  u s e d  t o  e v a l u a t e  t he  s l ope  I n 
r e l a t i o n  t o  t he  a c t u a l  s t r e n g t h  t h a t  c a n  b e  
mo b i l i s e d  a t  a n y  t i me  i n  i t s  l i f e  i s  d e v e ­

l oped .  Th i s  i s  d o n e  i n t e r ms  o f  a c o n t r o l  
c h e r t  wh i c h  i s  a c u r v e  p r o v i d i n g  t he c r i t i c a l  
c o mb i n a t i o n s  o f  N a n d  t an  ¿ k 0  and t h i s  c u r v e  
i s  f o u n d  t o be a s t r a i g h t  l i n e  wh e n  d e p t h  
t o h a r d  s u r f a c e  I s  f i x ed .  Nu me r i c a l  r e s u l t s  
p r e s e n t e d  d e mo n s t r a t e  t he  I n f l u e n c e  of  
s t r e n g t h  a n i s o t r o p y  and s t r e n g t h  I n c r e a s e  
wi t h  d e p t h  on t h e  c o n t r o l  c h a r t s  wh i c h  h a v e  
b e e n  l o g i c a l l y  r e a s o n e d  o u t  t o b e  c o n s i s t e n t  
wi t h  t he p h y s i c a l  b e h a v i o u r .

ACc wNOa L h DGMi i M

Th e  a u t h o r s  t h a n k  Pr o f .  K.  Se e t h a r a mi a h  
f or  t he  e n c o u r a g e me n t  p r o v i d e d  d u r i n g  t h i s  
s t u d y  and t he a u t h o r i t i e s  o f  t he  I ndi t f i  
I n s t i t u t e  o f  Sc i e n c e ,  Ba n g a l o r e  f or  t he  
f a c i l i t i e s  p r ov i ded . -  Th e y  a r e  I n d e b t e d  t o  
f r .  A.  Sr i d h a r a n  f o r  h i s  c o n s t r u c t i v e  
' ' r i t i c i ans  d u r i n g  t h e  p r e p a r a t i o n  o f  t he  
pa p e r .
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