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PORE PRESSURE DURIN G SHEAR FOR AN  A N I SO TRO PI C SOIL

PRESSI O N  I N TERST I T I ELLE P EN D A N T  LE C I SA I LLEM EN T  D ' U N SO L  A N I SO TRO PE

A .  ZUR, B .Sc ., D . I .C. ,  M S  c . ,  ( En g .  I, I n s t r u c t o r  

G . W I SEM A N ,  M .Se .,  D .Sc., ( En g . ) ,  A s s o c i a t e  P r o f e s s o r  

Fa c u l t y  o f  C i v i l  En g i n e e r i n g ,  Tec hn i o  n - I s r a e l  I n s t i t u t e o f  Te c h n o l o g y ,  H a i f a ,  Is r o e /

SYNOPSIS Consolidated undralned pure deviatoric stress controlled triaxial compression and extension tests have been car- 

out on fully saturated undisturbed clayey loess. Pore pressures have been measured during the entire shearing phase. For 
comparison some tests were carried out on artificially sedlmented samples. Anisotropy of the soil was studied by testing 

both vertically and horizontally sampled specimens in the oedometer and the triaxial tests. A model has been postulated for 

predicting the pore pressure developed during the application of a devlator stress, considering the influence of anisotropic 

compressibility and dilatancy. This model has been found to be capable of predicting the relative pressure developed for var
ious stress paths.

INTRODUCTION

This paper describes the pore water pressure behaviour of 

a fully saturated undisturbed clayey loess stressed to failure 

following different stress paths. This topic is part of a re

search program being carried out at the Israel Institute of 
Technology into the geological structure of undisturbed loess 

and its relation to the relevant engineering properties.

An attempt is made to understand the variables affecting the 
pore water pressure (u) parameters, and based on this un

derstanding try and predict the pore pressure set up during 
an isotropically consolidated undrained (I. C.U.) test. A 

soil having geological structure is best suited for the pre

sent argument, as it introduces the largest possible number 

of variables. Pore pressure parameters, by their very de
finition, relate the changes in pore pressure to changes in 

the applied stresses. In order to define this relationship a 

model was used which takes the form:

A u = ̂ Au + air .
oct oct (1)

This equation was further modified allowing for anisotrophy 

in compressibility characteristics. The validity of the model 

was checked by operating on It with different stress paths 

(pure deviatoric axial compression and extension).

density and water content. As shown by Duncan and Seed 
(1966) both the inherent strength components ( and Ĉ ) as 
well as the pore pressure coefficient at failure Af are af
fected by the soil structure. However it Is the pore pressure 

which is most sensitive in this respect; this has been proven 
experimentally by Seed and Chan (1959) in earlier work.

Since the structure alters during shear it is of interest to 

follow the development of the pore pressure during the entire 

shearing. A model for predicting pore pressure should pos
sess the ability to account for these changes.

STRESS PORE PRESSURE RELATIONSHIP

The stress in an isotropic homogeneous elastic medium can 

be divided Into two components: A hydrostatic stress account
ing for volume change, and a deviatoric stress accountlngfor 

the change in shape. Octahedral normal and shear stresses 

give a measure of the hydrostatic and deviatoric components 

of the state of stress. If c i , , 73 are the principal 
stresses at a point, then:

o , + a „ + a „
1 2  3

oct (2)

PORE PRESSURE AS AFFECTED BY SOIL STRUCTURE

Most soils in their natural, undisturbed, state posses a typi

cal arrangement of the particles making them up. It is rea

sonable to assume that this arrangement imparts directional 
qualities to a soil sample (which is another way to define 

structure). Hence rotating the directions of the principal 

stresses and/or planes will result, inevitably, indifferent 
stress-strain characteristics, which in turn, may be used 

to interpret the soil structure. The same holds true for com
parison of undisturbed samples having the same initial dry

oct = Ì c 2 '> +<‘V ‘J3) +(ct3-<71) (3)

Thus a generalized equation for the pore pressure develop
ment during shear of a soil In an undralned test, in terms of 

octahedral and deviatoric stresses will be of the form (Henkel 

1958):
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A *  +  A< 7 +  A< T 

A u  = / J ( - - - - - 1----- ,  - - - - - - - - * )  +

+ a V < A V A a 2)2 +  ( A  a 2 -  A  <Tg)^ + (A  A f f )̂2

C o n sid e r in g  s t i l l  t h e sam e  t e s t  an d  o p e ra t in g  w i t h  d i f f e r e n t  

assu m p t io n s n a m e ly  D  = 0 an d  = m ^  Eq u a t io n  (8) d e -  

______(4 ) g e n e r a t e s t o :

Z U R  a n d  W I S E M A N

w h e r e  0  an d  a  a r e  e m p l r l c a l  c o e f f i c i e n t s . F o r  a  t r i a x i a l  

t e s t  a 2  = a 3  o r  (72 = < t1 ’ e(I u a**o n  r e d u ce s t o :

A ct  + A  <7 +  A ct  

u  = 0 ( - - - - - - - - - - - --------- ) + ^ a  (A c t i - A c t 3 ) (5)

Th e  an alo g o u s eq u at io n  f o r  vo lu m e  ch an g e in  a d r a in e d  t e st  

f o r  a s o i l  h av in g  a n iso t r o p ic  c o m p r e ss ib i l i t y  c h a r a c t e r 

i s t i c s , sh o u ld  b e:

A u  = ■ “ ---  A(T
2 m . 1 (9)

l + (-

w h ich  i s  t h e  f o r m  su g g est ed  b y  B je r r u m  (1 9 5 4 ).

In  o r d e r  t o  e xa m in e  t h e p r e d ic t i v e  p o w e r  o f  eq u at io n  (7 ) I t  i s  

in s t r u c t i v e  t o  c o n s id e r  e ach  o ne o f  i t s  co m p o n en t s se p a r a t e ly .

A ssu m e  D  = 0 , ie  a  no n d i la t a n t  s o i l . F o r  a x i a l  c o m p r e s 

s io n  A®  „  = A t „  and  m „  = m „  h e n ce :
2 3 2 3

A V  +
—  = n i j A a ^ + m ^ c r ' g + m g A C T 'g - D  (Act  j - A < Jg) ............ (6)

w h e r e :

A V
= r e l a t i v e  v o lu m e  ch an g e

A ct '^ ; A A < j ' g  = e f f e c t iv e  p r i n c i p a l s t r e s s  in c r e m e n t s,

m ^ , m ^ , n ig  = c o m p r e ss ib i l i t i e s  in  t h e d i r e c t io n  o f  t h e 3 

p r i n c i p a l  s t r e s s e s .

D  = d i la t io n  c o e f f i c ie n t .

Ex p r e ss in g  eq u at io n  (6) i n  t o t a l  s t r e s s  t e r m s and  

A V
se t t in g  — = 0 ,

t h e p o re  p r e ssu r e  d eve lo p ed  in  an y  u n d ra in e d  t r i a x i a l  t e st  

can  be e x p r e sse d  in  t e r m s  o f  t h e c o m p r e ss ib i l i t y  c o e f f ic ie n t s 

m  and  t h e d i la t io n  c o e f f ic ie n t  D

A u  :

rn  A  ct + rn Ao \  + m  A ct„  
1 1 2 2 3 3

m . + m „  + m „
1 2  3

- - - - - - - - - - - - - - - - - - -  (A  a  -  A  c t )

m i  + m 2 + m 3 1 3

(7 )

Eq u a t io n  (7 ) Is  a g e n e r a l ize d  p o re  p r e ssu r e  eq u at io n , an d  it  

Im p l ie s t h a t  t h e p o re  p r e ssu r e  i s  g en e rat ed  b y t w o  d i st in c t  

co m p o n en t s: o ne due t o  t h e a n iso t r o p ic  c o m p r e ss ib i l i t y  o f 

t h e s o i l  an d  t h e o t h e r  due t o  i t s  d i la t a n t  p r o p e r t i e s. Th e  

g e n e r a l i t y  o f  eq u at io n  (7 ) m ay  b e sh o w n  b y o p e ra t in g  o n i t  

w i t h  d i f f e r e n t  s t r e s s  p at h s an d  c o m p r e ss ib i l i t y  p r o p e r t i e s.

C o n sid e r  a  co n ve n t io n a l t r l a x l a l  c o m p r e ssio n  t e s t , in  w h ich  

t h e a x ia l  s t r e s s  i s  in c r e a se d  t o  f a i l u r e  w h i le  t h e l a t e r a l  

s t r e s s  i s  kep t  co n st an t , and  assu m e  an  id e a ly  i so t r o p ic  and  

r e v e r s i b l e  m a t e r ia l  I . e .  m  = = m g = m .

Eq u a t io n  (7 ) d e g e n e ra t e s t o : 

A<7

Au= —  J (8)

w h ic h  i s  t h e f o r m  su g g est ed  b y  Sh ib at a  and  Ka r u b e  (1 9 6 6 ).

A u (10)
m i Ag 1 + 2 m 3 A g3

m i  + 2 m 3 

m l
Le t  R  = ----  an d  e x p r e ss in g  A u  in  t e r m s o f  p r i n c i p a l

m 3

s t r e s s  d i f f e r e n c e

R A i t , + 2 A c r „

A u
1

R + 2
iii (Ac t  j  -  A U g  ) ( 1 1 )

w h e re  : i  = ap p are n t  p o re  p r e ssu r e  c o e f f i c ie n t . H en ce : 

RAa^ + 2 Au g

^ co m p  (R  + 2) ( A U j  -  A< Tg)

Fo r  t h e e x t e n sio n  t e st  A ct  ̂ = A t  ^  and  m ^  = m^  m an ip u 

la t in g  in  a s i m i l a r  m an n e r  w e o b t ain :

2 R A  ct . + A  ct „

e xt  (2 R + 1)(A  CTj - A  CTg)

Fo r  p u re  d e v ia t o r i c  c o m p r e ssio n  A ct g = -  -  A ct

iP,

R -  1

co m p  1. 5 (R  + 2)

A n d  f o r  p u re  d e v ia t o r i c  e x t e n sio n  A < rg = -  2 A ct ^

2 R  - 2

e x t  3 (2 R + 1)

(13 ) 

h en ce :

(14 ) 

h e n ce :

(1 5 )

I t  sh o u ld  be no ted  t h at  o n ly  f o r  t h e sp e c ia l  c a se  o f  R  = 1. 0 

d o es a co n st an t  o c t ah e d r a l  s t r e s s  p ath  y ie l d  ip eq u a l t o  z e r o . 

H en ce an y  r e a l  s o i l , eve n  i f  no n d i la t a n t , w o u ld  be exp ect ed  

t o  d eve lo p  p o re  p r e ssu r e  d u r in g  a p p l ica t io n  o f  p u re  d e v ia t o 

r i c  s t r e s s e s .

Co m p a r iso n  o f  eq u at io n s (14 ) an d  (1 5 ) f o r  a no n  d i la t a n t  so i l  

sh o w s t h a t  f o r  eq u a l R  v a lu e s an  e x t e n sio n  t e st  w i l l  r e su l t  

in  s m a l l e r  p o re  p r e ssu r e  as co m p ar e d  to  t h e co m p r e ssio n  

t e s t . B y  d e f in i t io n  R  = m ^ / m  w h e r e  m ^  Is  o n  v i r g i n  co m 

p r e ss io n  w h i le  m 3 i s  o n t h e reBo u n d , h en ce In  m o st  c a se s 

R  > 1. 0 . H o w e v e r  t h e co m p r e ssio n  an d  e x t e n sio n  t e st s  r e 

su l t  In  ro t a t io n  o f  t h e p r l n c l p a l s t r e s s e s  t h ro u g h  9 0 ° , h en ce

4 5 0



It is logical to assume that R i  R ,
comp. ext

P O R E  P R E S S U R E  

resulting in

distortion of the afore mentioned picture with regard to the 

pore pressure build up during undrained compression and 

extension. Further inspection of equation (14) and (15) 

shows that the pore pressure due to the first term increases 

with R and it is further plausible to assume that during the 

course of shearing R varies.

Removing the restriction of a non dilating soil, we obtain 

for triaxial compression:

Au = (</)
comp

) ( Acr - A u )

m i + m 3

and for triaxial extension: 

h D
Au = ( f

(17)

( 18 )

In comparing the two it is important to remember that 

2 mj + m 3 for Act2 = A (i.e. axial extension) /

m. + 2 m„ for <7 „ 
1 3  2

(i.e. axial compression), based on

the same reasoning given for the difference in R value.

The material investigated was an undisturbed clayey loess 

taken from a pit 1.5 m  below ground surface. Specific pro
perties of the soil are given in Table. 1.

TABLE 1. Properties of Clayey Loess

Grain Size Distribution L. L. P. L. yj Carbonate 
----------------- 'a Content

Sand % SUt % Clay % % % kg/m %

9.8 59 29.5 31 16 1540 24.3

EXPERIMENTAL RESULTS AND ANALYSIS

The continuous variation of the pore pressure may be ex
pressed in the dimenslonless plot of Aî r vs. t /<j

oct net (v’t
and is shown in figures 1 through 5 for 
the various test series.

A measure of the anisotropy may be obtained from oedometer 

tests run on samples whose prlnclpalplanes have been rotated 
through 90°. The results of such a test are shown in Fig. 6.

D U R I N G  S H E A R

MATERIALS TESTED

TYPES OF TESTS USED AND TESTING PROCEDURES

All tests have been carried out on cylindrical samples 

brought to failure in pure deviatoric axial compression and 
extension. Undisturbed samples have been saturated by re

placing the gas in the pores by CO2 followed by saturation 
under back pressure. (5. 0 kg/cm2). It was found that this 

procedure resulted in B values of unity. All tests where 

stress controlled the axial load being applied in increments. 
The sample was allowed to come to equilibrium under every 

load increment which resulted in long test durations. An 

average test lasting between 5 and 6 days. The pure devia

toric condition was maintained by manipulating simultaneously 

the cell and the axial pressures. Four different test series 

have been carried out:

1) Isotropic consolidation followed by pure deviatoric axial 

compression and extension.

2) Anisotropic consolidation under two principalstress ra

tios, followed by axial compression. The anisotropic 

consolidation followed also a pure deviatoric stress path, 

so that the mean principle consolidation pressures were 

equal to those in the other series.

3) Isotropic consolidation of horizontally sampled specimens 
followed by axial compression.

All above mentioned series involved undisturbed sample.

4) Isotropic consolidation of samples consolidated from a 
slurry to the same dry density as the undisturbed sam
ples, followed by axial compression.

The samples in all the series where consolidated under three 
levels of all around pressure.

FIGURE 1. Pore Pressure vs. Shear Stress, Pure 
Deviatoric Axial Compression

Undisturbed v e r t ic a U sa m p le  

Conso lid a t ion  ^
p r e s s u r e

* CToct * 0 8  kg/cm^

0 CToct ■ 1 6 kg/crrc  
■ CTo d  * 3 2 kg/cm

(kg/cm )

451
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h o r iz o n ta  
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?d vertica l

I s a m p le s  
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W e

1 HC

\ vc /

\ H E
/  \

T  /aA  \  0.6

)
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Undisturbed vertical 
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FIGURE 2. Pore Pressure vs. Shear Stress, pure FIGURE 4. Pore pressure vs. Shear Stress, Pure

Deviatoric Axial Extension Deviatoric Axial Compression-Extension,

Vertical & Horizontal Samples.

c<r

FIG U R E 3 . Po r e  P r e s s u r e  v s . Sh e a r  S t r e ss , P u r e  F IG U R E 5 . P o r e  P r e s s u r e  v s . Sh e a r  S t r e ss , Pu r e

D e v ia t o r i c  A x i a l  C o m p r e ssio n , A n iso t r o p ic  D e v ia t o r i c  A x i a l  C o m p r e ssio n , Sed im en t ed

Co n so l id a t io n . Sa m p le s.

QA

To c t  . 2> 

o b ^ k9f cm 1

C o n s o l id a t io n  p re ssu re  

* = 0.8 k g /c m ?

° U - o c t - 1 6 k9/ c m

Sed im e nte d  vertical 
s a m p le
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a ) G e n e r a l  O b s e r v a t i o n s

Co m p ar in g  t h e  d i f f e r e n t  p o re  p r e ssu r e  c u r v e s  It  i s  o b 

se r v e d  t h a t  t h e  d i f f e r e n t  bo und& iy c o n d i t io n s and  s t r e s s  

p at h s r e s u l t  In  t h r e e  d i f f e r e n t  r e sp o n se  p a t t e r n s:

1. N e g a t ive  p o re  p r e ssu r e  in  t h e  in i t i a l  st a g e s o f  t h e t e st  

f o l lo w e d  b y  p o si t i v e  p o re  p r e ssu r e ;

2 . Z e r o  p o re  p r e ssu r e  in  t h e i n i t i a l  st ag e s fo l lo w ed  b y  p o 

s i t i v e  p o re  p r e s s u r e ;

3 . P o s i t i v e  p o re  p r e ssu r e  f r o m  t h e v e r y  s t a r t  o f  t h e sh e a r  

s t r e s s  a p p l ica t io n .

Fr o m  t h e  co n so l id a t io n  t e s t s  (F i g . 6) i t  can  be o b se rv e d  

t h a t  R  in  a  h o r i zo n t a l l y  sam p le d  sp e c im e n  i s  ro u g h ly  5 

t im e s a s la r g e  a s in  a  v e r t i c a l l y  sam p le d  o n e.

P O R E  P R E S S U R E

Op (kg/ cm2 )

FIG U R E 6. O e d o m e t e r  Co n so l id a t io n , V e r t i c a l l y  and  

H o r iz o n t a l l y  Sam p led  Sp e c im e n s.

b ) A n a l y s i s  o f  T e s t  R e s u l t s

I t  h as b een  sh o w n  t h a t  u su a l ly  R  > 1 .0  an d  h en ce t h e f i r s t  

t e r m  in  t h e p o re  p r e ssu r e  eq u at io n  m ay  co n t r ib u t e  o n ly  po 

s i t i v e  p o re  p r e s s u r e s . Sin ce  t h e t e s t  r e s u l t s  on a l l  t h e  u n 

d ist u rb e d  sa m p le s (F i g . 1 t o  4 ) e xh ib i t  e i t h e r  n eg at ive  o r  

z e r o  p o re  p r e ssu r e  in  t h e e a r l y  st ag e s o f  t h e sh e a r  p h ase , 

i t  m ay  b e co n clu d ed  t h a t  t h e p o re  p r e ssu r e  d ue t o  t h e d i l a 

t io n  t e r m  i s  n eg at ive  f o r  t h e so i l  in v e st ig a t e d  (a t  l e a s t  In i 

t i a l l y ) , in  i t s  u n d ist u rb e d  st a t e . B y  s i m i l a r  lo g ic  i t  m ay  be 

assu m e d  t h a t  t h i s  i s  no t  t h e c a se  f o r  t h e a r t i f i c i a l l y  se d l -  

m en t ed  so i l  (F i g . 5 ). Th e  in c r e a se  o f  t h e  p o re  p r e ssu r e  in  

t h e l a t t e r  st ag e s o f  t h e  t e st  can  be d e f in i t e ly  a t t r ib u t e d  t o  

t h e  in c r e a se  o f  t h e v i r g i n  c o m p r e ss ib i l i t y  m  j  d ue t o  c o l la p se  

o f  t h e s t r u c t u r e  o f  t h e l o e ss . T h i s  m e ch a n ism  w a s su g g est ed  

b y  Ju a r e z - B a d i l l o  (1 9 6 3 ). ( I t  m ay  a lso  b e a t t r ib u t e d  t o  t h e 

D  t e r m  t u r n in g  p o si t i v e  due t o  t h e sam e  r e a so n , t h i s  e f f e c t , 

h o w e v e r , h as no t  b een  se p a r a t e d  o u t  In  t h e p r e se n t  e x p e r i 

m e n t a l  p r o g r a m ).

Co m p a r iso n  o f  F i g . 1 an d  2 sh o w s t h a t  t h e e x t e n sio n  t e st s 

r e s u l t  in  h ig h e r  p o re  p r e ssu r e s  t h an  t h e c o m p r e ssio n  t e s t s ;

D U R I N G  S H E A R  
t h i s , o f  c o u r se , i s  a d e p a r t u re  f r o m  t h e  p r e d ic t io n s o f  o u r  

m o d e l f o r  eq u a l R  v a lu e s. T h i s  d i sc r e p a n c y , h o w e v e r , 

m ay  be e xp la in e d  w h en  c o n sid e r in g  t h e  a c t u a l  R  v a lu e s a s 

p o in t ed  o u t  p r e v io u s ly . Su ch  d i f f e r e n c e  m o r e  t h an  b a lan ce s 

t h e  d i f f e r e n c e  p r e d ic t e d  b y eq u at io n s (1 4 ) and  (1 5 ) f o r  eq u al 

R  v a lu e s . Fu r t h e r  m o re  s in c e  t h e e x p e r im e n t a l  d at a i s  in  

t e r m s o f  t h e t o t a l  p o re  p r e ssu r e , e xa m in a t io n  o f  eq u at io n  

(1 6 ) an d  (17) w i l l  sh o w  t h a t  t h e n eg at ive  p o re  p r e ssu r e  co n 

t r ib u t io n  o f  t h e d l la t a n c y  t e r m  in  t h e ca se  o f  t h e a i= < r 2 t e st , 

i s  m u ch  s m a l l e r  t h en  t h a t  o f  t h e cr 2 = cr 3 t e s t , s in c e  t h e t e r m  

m j  + 2 m 3 < 2 m ^  + m 3 . T e s t s  w e r e  do ne a lso  o n h o r izo n 

t a l l y  sam p le d  sp e c im e n s. Sho w n in  F i g . 4 a r e  t h e t e st  r e 

su l t s  f o r  p u re  d e v la t o r i c  a x i a l  co m p r e ssio n  and  e x t e n sio n  

f o r  b o th  v e r t i c a l l y  an d  h o r i zo n t a l l y  sam p le d  sp e c im e n s ( l a 

b e led  VC; VE; HC and  HE r e sp e c t i v e l y ). A l l  t e st s a r e  f o r  

t h e sam e  co n so l id a t io n  p r e ssu r e  o f  u o c t . = 0 . 8 k g / cm ^ .

Sin ce  f o r  t h e h o r i zo n t a l l y  sam p le d  sp e c im e n s no  r a d ia l  sy m 

m e t r y  e x i s t s  f o r  t h e c o m p r e ss ib i l i t y  t h e  eq u at io n s d evelo p ed  

ab o ve can n o t  b e d i r e c t l y  u sed  f o r  p r e d ic t in g  t h e r e l a t i v e  

m ag n it u d e o f  t h e p o re  p r e ssu r e  d eve lo p ed . H o w e v e r , u sin g  

t h o se eq u at io n s i t  i s  p o ssib le  t o  p r e d ic t  t h at  t h e H C t e st s 

sh o u ld  be s i m i l a r  t o  t h e V E t e st s  and  t h e H E t e st s s i m i l a r  

t o  t h e V C  t e s t s , t h e la t t e r  g ro u p  sh o w in g  lo w e r  p o re  p r e s 

su r e s . Th e se  g e n e r a l  t r e n d s m ay  b e in d eed  o b se rv e d  in  

F i g . 4 .

Th e  e f f e c t  o f  t h e co n so l id a t io n  s t r e s s  le v e l  m ay  be b est  sh o w n  

b y  co m p ar in g  t h e r e l a t i v e  p o re  p r e ssu r e  i . e .  the r a t io  o f  the 

d eve lo p ed  p o re  p r e ssu r e  t o  the e f f e c t iv e  co n so l id a t io n  p r e s 

su r e  (m ax im u m  v a lu e  b e in g  u n i t y ). I t  m ay  be o b se rv e d  t h at  

f o r  a l l  c a se s t h is q u an t i t y  in c r e a se s w i t h  t h e co n so l id a t io n  

s t r e s s  l e v e l . N o  u n iq u e e xp lan a t io n  m ay  be o f f e r e d  in  t e r m s 

o f  the su g g est ed  m o d e l, s in c e  i t  i s  p la u sib le  t o  assu m e  t h at  

b o th  m j  In c r e a se s and  t h e n eg at ive  D  t e r m  d e c r e a se s upon 

In c r e a se  o f  t h e e f f e c t iv e  co n so l id a t io n  s t r e s s . T h i s  i s  m o st  

c l e a r l y  b ro u g h t  o u t  in  F i g . 1.

Th e  e f f e c t  o f  a n iso t r o p ic  co n so l id a t io n  is  sh o w n  in  F i g . 3 and  

i t  m ay  be o b se rv e d  t h e e i t h e r  R is  In c r e a se d  o r  the n eg at ive  

D  t e r m  i s  d e c r e a se d  o r  bo th o f  t h e m , due to  t h e a p p l ica t io n  

o f  d e v la t o r  s t r e s s  d u r in g  co n so l id a t io n , r e su l t in g  in  le ss  

n eg at ive  p o re  p r e ssu r e  in  t h e in i t i a l  st ag e s o f  t h e t e s t . Th e  

tw o  d i f f e r e n t  p r i n c l p a l s t r e s s  r a t io s  (<7 ] / ct  3 = 1. 2 and  1. 6) 

d id  no t  r e su l t  in  an y a p p r e c ia b le  d i f f e r e n c e s in  p o re  p r e s 

su r e .

CO N CLU SIO N S

1. A p p l ica t io n  o f  a d e v la t o r  s t r e s s  t o  a f u l l y  sa t u ra t e d  u n  -  

d r a in e d  so i l  sam p le  r e su l t s  in  g e n e ra t io n  o f  p o re  p r e s 

su r e  w h ich  i s  r e la t e d  to  t h e d e v la t o r  s t r e s s  b y d i la t a n c y  

t e r m  and  a c o m p r e ss ib i l i t y  t e r m  w h ich  in  t u r n  Is d e 

p en d an t  on t h e a n iso t r o p y  o f  t h e s o i l .

2 . N o  co n st an t  p r o p o r t io n a l i t y  e x i s t s  b e t w een  ch an g es in  

p o re  p r e ssu r e  and  ch an g es in  d e v ia t o r  s t r e s s  s in c e  b o th  

t h e p r o p o r t io n a l i t y  c o e f f ic ie n t s v a r y  In  t h e c o u r se  o f  

sh e a r in g .
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