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SYNOPSI S

The Paper  descr i bes f i el d and l abor at or y i nvest i gat i ons on st r engt h- def or mat i on char act e­
r i st i cs of  a r esi dual  soi l  f r om gnei ss.  The modul us of  def or mat i on i n f i el d was det er mi ned 
f r om 30cm di amet er  pl at e l oadi ng t est s i n hor i zont al  and ver t i cal  di r ect i ons ever y met r e i n a 
9m deep pi t .  30cm di amet er  scr ew pl at e l oadi ng t est s wer e al so execut ed.  The behavi our  i n l a 
bor at or y was det er mi ned f r om si mpl e compr essi on t est s moul ded i n di f f er ent  di r ect i ons as wel T 
as f r om oedomet er  t est s i n whi ch t he i nf l uence of  t he var i at i on of  pr essur e i ncr ement  r at i o 
( Ap/ p=0, 25,  1 and 3) ,  and t he dur at i on of  each pr essur e i ncr ement  (1 hour  and 24 hour s)  was e-  
xami ned.  The r esul t s ar e anal ysed i n t he l i ght  of  Janbu t heor y of  compr essi bi l i t y.  An eval ua 
t i on of  t he coef f i ci ent  of  l at er al  pr essur e at  r est ,  K , was made usi ng el ect r i c st r ai n gauges 
i nst al l ed on a st i f f  oedomet er  r i ng.  °

I NTRODUCTI ON

Obser vat i ons of  set t l ement s of  f oundat i ­

ons i n r esi dual  soi l  der i ved f r om gnei ss show 
t hat  t he f i el d val ues ar e si gni f i cant l y l ess 
t han t hose der i ved on t he basi s of  cl assi cal  
consol i dat i on t heor y wi t h convent i onal  oedome 
t er  t est  par amet er s.  The r easons f or  t hi sdi s 
cr epancy ar e many,  and not  yet  quant i t at i vel y 
under st ood.  A t ypi cal l y young r esi dual  soi l ,  
whi ch pr eser ves t he r ock st r uct ur e ( sapr ol i  -  
t e) , shows a l ar ge var i at i on i n t he degr ee of  
weat her i ng and consequent  soi l  t ypes even i n 
ver y cl osel y spaced sampl es.  I t  t her ef or e be 
comes i mpor t ant  t o obt ai n r el evant  par amet er s 
f r om f i el d t est s or  f r om l abor at or y t est s on 
l ar ge si zed sampl es.  The ot her  mai n pr obl em 
r el at es t o t he par t l y sat ur at ed st at e of  t he­
se soi l s whi ch r ender s t he appl i cat i on of  t he 
Ter zaghi  t heor y quest i onabl e.  The r esul t s of  
f i el d and l abor at or y i nvest i gat i ons pr esent ed 
i n t hi s Paper  have been anal ysed wi t h speci al  
r ef er ence t o Janbu t heor y of  compr essi bi l i t y 
( Janbu 1963,  1967,  1969) ,  si nce hi s concept  
of  t angent  modul us of  def or mat i on,  M,  si mpl y 
r epr esent s t he r esi st ance of  vol umet r i c chan­
ge caused by a change of  st r ess and i s not  
r est r i ct ed t o sat ur at ed soi l s.

i . e.  M = do/ ae

wher e o and e denot e st r ess and st r ai n i n t he 
same di r ect i on.

Janbu ( 1967)  pr oposed t he f ol l owi ng f or m 
ul at i on:  ( 1—a)

M = mcr ,a { o ,/ cT,a ] ; o ' a = 1 at m;

wher e o ’ , m and a denot e ver t i cal  st r ess,  t he 
modul us number ,  and st r ess exponent  r espect i ­
vel y .

Anal agous t o t he concept  of  t he r esi st an 
ce t o vol umet r i c change,  def i ned by M,  Janbu 
( 1969)  i nt r oduced t he concept  of  r esi st ance 
wi t h r espect  t o t i me;  i . e.  R= dt / de. Hence

t he t i me r esi st ance,  R,  i s dependant  on t he 
st at e of  conf i nement ,  t he st r ess l evel  and 
t he dur at i on of  l oad appl i cat i on.  Ref er ence 
shoul d be made t o Janbu ( l oc.  ci t . )  f or  det ai  
l ed di scussi on of  t hese par amet er s.

THE SOI L

The sampl es of  r esi dual  soi l  wer e ob­
t ai ned f r om a hand- dug pi t ,  1. 5m x 1. 5 x 8m 
deep,  i n whi ch f i el d pl at e l oadi ng t est s wer e 
al so car r i ed out .  The par ent  r ock i s a pl agi  
ocl ase- quar t zi t i c- bi ot i t i c- gnei ss of  t he Pr e-  
- Cambr i an Ser i es.  The sapr ol i t e,  r eddi sh br o 
wn i n col our  wi t h yel l ow and gr ey mot t l es sho 
wed pr esence of  decomposed f el dspar ,  bi ot i t e 
and gar net ,  wi t h a si gni f i cant  pr esence of  
concr et i ons and a si l l  of  quar t z,  ( at  7m dep­
t h)  .

Mi cr oscopi c and X- r ay anal ysi s r eveal ed 
t he f ol l owi ng composi t i on by vol ume:  f r agmen­
t s of  quar t z and mi ca l i nked wi t h i r on oxi des:  
50%;  quar t z:  35%;  gar net :  5%;  caol i ni t i c f raSj  
ment s cover ed wi t h i r on oxi de:  10%.  Tabl e I 
l i st s t he physi cal  char act er i st i cs of  t he so­
i l .

Tabl e I :  Physi cal  Char act er i st i cs

Dept h. cl ay si l t sand LL PL e S
(m) %<2p % % % % % %

1 14 31 55 47 34 0. . 96 71
2 16 34 50 44 32 1.. 19 62

3 12 38 50 50 40 1,. 03 66

4 13 47 40 53 40 1, . 14 68
5 10 37 53 48 41 1.. 06 67

6 7 54 39 65 NP 1,. 04 64

7 4 16 60 45 NP 0. . 80 61
8 12 50 38 65 NP 1.. 22 73
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F I E L D  I N V E S T I GA T I ON S

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

t h e  f o l l o w i n g :

a)  3 0 c m d i a me t e r  p l a t e  l o a d i n g  t e s t s  i n  h o r i ­

z o n t a l  a n d  v e r t i c a l  d i r e c t i o n s ,  a t  e v e r y  me ­

t r e  d e p t h  o f  a  8 m d e e p  h a n d - d u g  p i t .

b )  3 0 c m d i a me t e r  s c r e w - p l a t e  l o a d i n g  t e s t s .

A  1 0  t o n  h y d r a u l i c  j a c k  w a s  u s e d  f o r  l o a  

d i n g ,  u p  t o  8 - 1 0  k g / 5  q . c m,  w i t h  a  s p h e r i c a l  

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

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

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

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

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

a  3 0 c m d i a .  p l a t e  r e s t i n g  a g a i n s t  t h e  o p p o s i  

t e  w a l l  o f  t h e  p i t .  A  h e a v y - d u t y  h e l i c o i d a l  

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

t e s  t o  a s s u r e  u n i f o r m p r e s s u r e  ( Ro c h a ,  1 9 7 5 ) .

T h e  s c r e w  p l a t e  t e s t s  w e r e  a l s o  c a r r i e d  

o u t  e v e r y  me t r e  d e p t h .  T h e  t e s t  p l a t e  w a s  

s c r e w e d  t wo  r e v o l u t i o n s  i n  a  3 0  c m d i a m.  h a n d  

a u g e r  b o r e - h o l e .

L A B OR A T OR Y  I N V E S T I GA T I ON S

A l l  l a b o r a t o r y  i n v e s t i g a t i o n s  w e r e  c a r r i  

e d  o u t  o n  b l o c k  s a mp l e s  e x t r a c t e d  f r o m t h e  

p i t ,  a n d  c o n s i s t e d  o f  t h e  f o l l o w i n g :

a)  U n c o n f i n e d  c o mp r e s s i o n  t e s t s  o n  s a mp l e s  mo  

u l d e d  w i t h  a x i s  a t  0 9 ,  3 0 9 ,  4 5 9 ,  6 0 9  a n d  9 0 9  

t o  t h e  v e r t i c a l  d i r e c t i o n .  T o  a v o i d  e n d - f r i c  

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

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

mi t t e d  t e s t i n g  o f  2 . 5 "  d i a .  x  2 . 5 "  h i g h  s a m­

p l e s .  A  s h e a r i n g  r a t e  o f  0 , 3 %/ mi n .  w a s  u s e d .

b )  T h e  o e d o me t e r  t e s t s  w e r e  c a r r i e d  o u t  i n  

r i n g s  o f  t h r e e  s i z e s :  1 0 , 8 c m ft x  2 c m;  1 0 , 8 c mx  

x  3 c m a n d  6 , 4 c m 0 x  1 , 9 6 c m.  P r e s s u r e  i n c r e  -  

me n t  r a t i o s  o f  0 , 2 5 ,  1 , 0  a n d  3 , 0  w e r e  u s e d  wi  

t h  d u r a t i o n  o f  e a c h  a p p l i c a t i o n  o f  l o a d  o f  1 

h o u r  a n d  2 4  h o u r s .  S i l i c o n  g r e a s e  w a s  u s e d  

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

u n s u b me r g e d  s a mp l e s  w e r e  t e s t e d  i n  ma c h i n e s  

w o r k i n g  o n  c o mp r e s s e d  a i r ,  i n  w h i c h  t h e  l o a d  

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

s h o c k  e f f e c t .

c )  A n  a t t e mp t  t o  e s t i ma t e  t h e  v a l u e s  o f  K  

wa s  ma d e  b y  t e s t i n g  u n s u b me r g e d  s a mp l e s  f r o $

2 ,  4 ,  6  a n d  8 m d e p t h s  i n  a  s t i f f  o e d o me t e r  r i ^  

n g  ( 1 0 . 4  4 c m d i a . ,  3  c m h i g h  a n d  3 mm t h i c k  ) 

i n s t r u me n t e d  w i t h  r e s i s t a n c e  s t r a i n  g a u g e s  a n d  

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

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

L o n d o n  C l a y  b y  S o m ( 1 9 6 8 ) ,  ( F i g .  1 ) .  P r e s s u ­

r e  i n c r e me n t  r a t i o s ,  ¿ p / p  =  0 , 2 5 ,  1 , 0  a n d  3 , 0  

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

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

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

RESULTS

On l y  a n  e x t r e me l y  b r i e f  p r e s e n t a t i o n  o f  

r e s u l t s  c a n  b e  ma d e  h e r e .  F i g .  2  p r e s e n t s  

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

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

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

r y  a t  a  p r e s s u r e  o f  3 k g / c m ,  a n d  a d o p t i n g  

= 0 , 3 .  I n  t h e  f i r s t  5 m d e p t h  t h e  e l a s t i c i t y  

w i t h  r e s p e c t  t o  v e r t i c a l  d e f o r ma t i o n  i s  1 . 3  

t o  5 . 3  t i me s  l a r g e r  t h a n  t h e  v a l u e  w i t h  r e s p e  

c t  t o  h o r i z o n t a l  d e f o r ma t i o n s .  A  s i mi l a r  -

E k g / cm 2

\

1
1
I

..V

! H

V : Ver t ical load

H : hor izontal load

\ ,v s
\

VS : Ver t ical  load 

Scr p w  nln tp

/

F i a .  2 :  E  v a l u e s  f r o m f i e l d  t e s t s .

m odu lus  no. m

F i g .  1 :  I n s t r u me n t e d  o e d o me t e r  r i n g
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t r e n d  i s  s h o w n  f o r  J a n b u ' s  mo d u l u s  n u mb e r  m 

i n  F i g .  3 .  A  n o t a b l e  a n d  u n e x p e c t e d  f e a t u ­

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

s c r e w  p l a t e  t e s t s .  T h i s  i s  b e l i e v e d  t o  b e  

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

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

f i e l d  t e s t s  s h o w e d  a n  i mme d i a t e  s e t t l e me n t  o f  

7 0  -  B 0 % o f  t h e  f i n a l  s e t t l e me n t  f o r  s t r e s s  

i n c r e me n t s  a n d  s h o w s  a  c o mp r e s s i b i l i t y  b e h a ­

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

s t i f f  c l a y s  ( So m,  1 9 6 8 ) .  F i g .  4 s h o w s  t h e  

s e c a n t  mo d u l u s  o f  e l a s t i c i t y ,  E s ,  ( c o r r e s p o n  

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

c o n f i n e d  c o mp r e s s i o n  t e s t s .  E s  f o r  v e r t i c a l  

s a mp l e s  wa s  f o u n d  t o  v a r y  b e t w e e n  0 . 7  a n d  2 . 1  

o f  E s  f o r  h o r i z o n t a l  s a mp l e s  w i t h  a  me a n  r a ­

t i o  o f  1 . 4 .  A n i s o t r o p y  o f  t h i s  o r d e r  o f  ma q  

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

d u c t i o n  o f  s u r f a c e  s e t t l e me n t s ,  ( B a r d e n ,  1 9 6 3 ) .

S e c a n t M od u lu s , E s (k g /c m 2)

F i g .  4 :  V a r i a t i o n  o f  s e c a n t  mo d u l u s  w i t h  

d e p t h .

F o r  t h e  p u r p o s e  o f  c o mp a r i s o n  o f  r e s u l t s  

o f  o e d o me t e r  t e s t s ,  i t  w a s  f o u n d  c o n v e n i e n t  t o  

p l o t  t h e s e  i n  a  T i / U i  g r a p h .

=  1 0 0  /  t ï / /  t e  ;  ( 0  <_ T i  ^  1 0 0 )

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

o f  l o a d ,  a n d  t ^  d e n o t e s  a n y  t i me  d u r i n g  e a c h  

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

U*  =  1 0 0  .  A e i / A e e  ( 0  <  \J± < 1 0 0 )

w h e r e  A e e  d e n o t e s  t o t a l  v a r i a t i o n  o f  s t r a i n  

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

v a r i a t i o n  o f  s t r a i n  a t  t i me  t i .

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

r a t i o ,  A p / p ,  i t  w a s  o b s e r v e d  t h a t  U i / T i  c u r ­

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

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

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

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

y s  b y  Y o s h i mi  a n d  Os t e r b e r g  ( 1 9 6 3 ) .  I n c r e a s ­

i n g  A p / p  r e s u l t e d  i n  l a r g e r  d e f o r ma t i o n s .

T h e  t i me  r e s i s t a n c e  R  a s  d e f i n e d  b y  J a n b u  

( 1 9 6 9 )  ma y  b e  o b t a i n e d  f r o m U i / T i  c u r v e s  a s

Tj  =iooVT|/\/re

F i g .  5 :  ( d T i / d Ui )  v s .  T i .

S tre s s , p k g /c m 2

f o l l o w s :

R=  d t i / d e i = d ( T i 2 t e / 1 0 0 2 ) / d ( A e e U i / 1 0 0 )  =

= ( 2 t e T i d T i ) / (lOOAeedUi) = ( te / ( 5 0 A e e ) ) ( d T i /  

/ d U i ) T i

o r  P 1 =  ( 5 0 A e / t e )  P =  ( d T i / d U i ) T i

T h e  r e l a t i o n s h i p  b e t w e e n  ( d T i / d U i ) a n d  T i  

f o r  d i f f e r e n t  v a l u e s  o f  A p / p  i s  s h o w n  i n  F i g .

5 .  A n  i n c r e a s i n g  r e s i s t a n c e  t o  d e f o r ma t i o n  

w i t h  d e c r e a s i n g  A p / p  i s  e v i d e n t ,  a s  w e l l  a s  

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

a f t e r  l o a d i n r r  t h u s  i mp l y i n q  l a r g e  " i mme d i a t e "  

d e f o r ma t i o n s .

F i a .  6  s h o w s  a  t y p i c a l  d e r i v a t i o n  o f  t a n g  

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

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

ma y  b e  n o t e d :

a)  s ma l l  v a l u e s  o f  M a t  l o w  s t r e s s e s ,  s h o w i n g  

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

p r e p a r a t i o n  a n d  p l a c i n a  o f  s a mp l e  i n  t h e  o e d o
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me t e r  r i n f * .

b )  a  s t r e t c h  i n  t h e  u s u a l 2 e n a i n e e r i n a  s t r e s s  

r a n g e  ( u p  t o  4 t o  8  k a / c m ) w i t h  c o n s t a n t  mo  

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

o u r  o f  r o c k s  ( " e l a s t i c  b e h a v i o u r " , J a n b u  1 9 6 7 )

c )  s t r e s s  a t l a r o e  s t r e s s  i n  wh i d i  t h e  mo d u l u s  

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

me  u n d e r  z e r o  l a t e r a l  d e f o r ma t i o n .

T h e  v a l u e s  o f  mo d u l u s  n u mb e r  m  f r o m a l l  

o e d o me t e r  t e s t s  l i e  i n  t h e  r a n o e  o f  5 0 - 1 4 0  ,  

s i mi l a r  t o  t h o s e  f r o m s c  r ev /  p l a t e  t e s t s ,  b u t  

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

l o a d  t e s t  i n  t h e  p i t ,  ( F i g .  3 ) .  T h e  l i mi t a ­

t i o n  o f  t e s t i n g  s ma l l  s i z e d  l a b o r a t o r y  s a m­

p l e s  i s  o b v i o u s .

F i g .  7  s h o w s  a t y p i c a l  c u r v e  o f  me a s u r ­

e d  h o r i z o n t a l  ( r a d i a l )  s t r e s s  w i t h  i n c r e a s e  

i n  v e r t i c a l  s t r e s s .  A n  i n i t i a l  s t r e s s  o f  a t  

l e a s t  0 . 5  k a / s q . c m.  w a s  r e q u i r e d  b e f o r e  t h e  

l a t e r a l  s t r e s s  me a s u r e me n t  s y s t e m c o u l d  b e  

a c t i v a t e d .

\

b “

F i a .  7 :  r a d i a l  s t r e s s  v s .  v e r t i c a l  s t r e s s

T h e  p a r a me t e r  K o ,  i n  i t s  u s u a l  s e n s e ,  i s  

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

v e r t i c a l  s t r e s s  ( a s s u mi n g  p r i n c i p a l  s t r e s s e s ) ,  

( B i s h o p ,  1 9 5 8 ) .  A n d r a w e s  a n d  E l - S o h b y  ( 1 9 7 3 )  

e x p r e s s e d  K o  a s  a n  i n c r e me n t a l  r a t i o ,  Ac r h '  /  

/ A a v ' ,  w i t h  h o r i z o n t a l  l a t e r a l  r e s t r a i n t ( s h o r n  

a s  K o  i n  t h i s  P a p e r ) .

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

d e r e d  t o  b e  o f  f u n d a me n t a l  i mp o r t a n c e  f o r  r e ­

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

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

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

p l a c e  u n d e r  z e r o  l a t e r a l  s t r a i n .  T a b l e  I I  

s h o w s  t h e  v a l u e s  o f  K o .

Table II

D e p t h  ___________ A p / p ______________ K o

m 0 . 2 5 1 3 av f

8 0 . 5 9 0 . 5 5 0 . 5 3 0 . 5 6

6 0 . 5 1 0 . 5 0 0 . 6 0 0 . 5 4

4 0 . 4 0 0 . 3 0 0 . 3 0 0 . 3 3

2 0 . 5 3 0 . 5 4 0 . 5 8 0 . 5 5

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

s t r e s s  s h o u l d  b e  d e c r e a s e d  b y  4 - 5 % o f  a p p l i e d  

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

a v e r a a e  K o  t o  0 . 5 8 .  A z v e d o  ( 1 9 7 2 )  o b t a i n e d  a  

f r i c t i o n  l o s s  o f  6 % f o r  a  s i mi l a r  r e s i d u a l  s o  

i l  f r o m g n e i s s  i n  t e f l o n  l i n e d  o e d o me t e r  r i n g  

o f  h e i a h t / r a d i u s ,  r a t i o  o f  0 , 8 .  J a k y ' s  e q u a ­

t i o n ,  K o =  l - s i n( J > a p p a r e n t l y  u n d e r e s t i ma t e s  Ko .  

C o n s o l i d a t e d  u n d r a i n e d  t e s t s  w i t h  p o r e  w a t e r  

p r e s s u r e  me a s u r e me n t s  f o r  t h e  6 m d e p t h  s h o w e d  

<!> =  3 8 . 5 9 ,  i n d i c a t i n g  K o =  0 . 3  8  i n  c o mp a r i s o n  

w i t h  t h e  e x p e r i me n t a l  c o r r e c t e d  v a l u e  o f  0. 57.

C ON C L U S I ON S

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

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

2 .  T h e  v a r i a t i o n  o f  t a n g e n t  mo d u l u s ,  M,  w i t h  

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

b e  s i mi l a r  t o  r o c k s .  T h e  l a b o r a t o r y  mo d u l u s  

n u mb e r  m  v a r y i n a  b e t w e e n  5 0  a n d  1 4 0  i s  n o t  a f  

f e c t e d  b y  p r e s s u r e  i n c r e me n t  r a t i o  a n d  d u r a t i  

o n  o f  l o a d i n q .

3 .  T h e  t i me - d e f o r ma t i o n  b e h a v i o u r  i s  i n f l u e n -  

c e d b y  t h e  p r e s s u r e  i n c r e me n t  r a t i o .

4 .  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  

i s  a p p r o x i ma t e l y  0 . 6 ,  a n d  i s  p r o b a b l y  u n d e r e s  

t i ma t e d  b y  J a k y ' s  e q u a t i o n .
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