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A STUDY O F C O L LA P S E  PH ENO M ENA O F AN U N D IS T U R B E D  LOESS

L ’ E TU D E  DU PHENO M ENE DE L ’ E FF O N D R E M E N T D’ UN LOESS NON REM ANIE 

I WH E H ME  n POCA/ J k M HEHAPy Ul EHHb l X JI ECCOI 5

A . ZU R , C o n su ltin g  Engineer, T e l A v iv

G. WISEMAN, P ro fessor o f  C iv il E ng ineering , Is ra e l In s ti tu te  o f Tech no lo gy , H a ifa  ( Is ra e l)

SYNOPSIS. Collapse was studied in the laboratory by testing undisturbed samples of Negev 

loess. The density of the loess was such that its saturated moisture content was slightly 

less than the liquid limit and hence the loess was of marginal collapse potential. Tests in

cluded conventional and triaxial consolidation, constant volume tests in which the reduced 

confining pressure for maintaining equilibrium upon saturation was measured and undrained 

pure deviatoric triaxial compression tests on fully saturated samples in which the pore pres

sure was measured during shear.

Analysis of the test results showed that the undisturbed loess maintained a quasi-rigid struc

ture even after saturation at low confining pressures. Dilatant properties were observed at 

low levels of shear stress. In general the tendency for collapse was found to depend on the 

level of shear stress. At principal stress ratios slightly greater than unity the measured 

collapse was less than it was for an isotropic stress condition for the same mean stress.

1. INTRODUCTION

A definition of collapse should be general 

enough to include the whole variety of 

collapse manifestations. It is proposed 

that any rapid decrease in volume brought 

upon by the increase in any one of or combi

nation of the following: water content (w), 

degree of saturation (S), mean stress (0oct), 

shear stress ( t ) , or pore pressure (u), 

should be termed collapse. This definition 

recognizes that collapse of the soil struc

ture, may be triggered by a variety of proc

esses other than wetting. It does not fol

low that different causes will produce a 

unique collapse performance. However if the 

mechanism of the collapse phenomena is simi

lar, the different collapse patterns should 

be comparable, at least qualitatively.

Using the above definition it is observed 

that sharp volume reduction following inun

dation is one sort of collapse while, for 

example, a rapid increase in pore water 

pressure during undrained shear, which is 

typical of this kind of soil, is yet another 

one. In the first case the collapse occurs 

under a constant level of applied stress 
while the water content is the variable, 

where as in the latter case the water con

tent is kept constant and the stress level 

is the variable. Despite the seemingly wide 

gap between the two types of tests, the 

mechanism of the phenomenon is one and the

same, namely the equilibrium, in terms of 

volumetric stability between the soil struc

ture and the stress field, is impaired dras

tically. The term volumetric stability in 

this context, does not necessarily mean no 

volume reduction since a uniform and modest 

change in the rate of volume change is not 

defined as collapse. Thus a necessary con

dition for collapse (as distinct from contin

uous volume reduction) is a quasi-rigid soil 

structure. In the present investigation an 

attempt is made to investigate the mechanism 

of collapse in the broad sense, with the aid 

of controlled laboratory tests.

2. COLLAPSE CRITERIA

The amount of collapse obviously depends on 

the stress field at the time of wetting. 

Numerous criteria have been proposed for 

classifying soils with respect to their ten

dency to collapse. Most of these criteria 

refer to a critical density below which col

lapse is probable. This critical density de

pends on the Atterburg limits.

A criteria common in Russian literature 

(Markin, 1969) is as follows: A soil is con

sidered to be susceptible to collapse upon 

wetting if the in-situ degree of saturation 

(S) is less than 60% and....eQ-e^^
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wh e r e  e _  ='  i n - s i t u  v o i d  r a t i o ,  a n d  e ^  = t h e  

v o i d  r a t i o  a t  t h e  l i q u i d  l i mi t .

T h e  s o i l  i s  c o n s i d e r e d  t o  b e  p r o n e  t o  s we l 

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

a  v a l u e  l e s s  t h a n  - 0 . 3 .  ( Da n i l o v ,  1 9 6 4 ) .

I t  c a n  b e  s h o wn  t h a t  t h e  a b o v e  c r i t e r i a  c a n  

b e  r e wr i t t e n  as

(Y°) d
( 7 1 1 ) ^  < P r o n e  t o  c o l l a p s e

( Yo) d

( y > 1 . 3  p r o n e  t o  s we l l i n g

wh e r e  ( Y° >d = i n - s i t u  d r y  d e n s i t y ,  i . e .  

we i g h t  o f  s o l i d s  p e r  u n i t  v o l u me .

( Yl l ) r j  =  t h e  d r y  d e n s i t y  o f  t h e  s o i l  a t  

t h e  l i q u i d  l i mi t .

Ot h e r s  c o n s i d e r  s o i l  t o  b e  s u s c e p t i b l e  t o  

c o l l a p s e  wh e n  t h e  a b o v e  r a t i o  i s  l e s s  t h a n  

u n i t y  ( Gi b bs  a n d  Ba r a ,  19 6 7 ) .

3.  SOI L  PROPERT I ES

Th e  s o i l  t e s t e d  wa s  Ne g e v  l o e s s  f r o m wh i c h  

b u l k  s a mp l e s  we r e  t a k e n  f r o m a p i t  1 . 5  m.  

b e l o w g r o u n d  s u r f a c e .  Th e  l o e s s  wa s  p r e 

d o mi n a n t l y  s i l t  s i z e s ,  1 0 % b y  we i g h t  b e i n g  

s a n d  s i z e s  a n d  3 0 % b y  we i g h t  s ma l l e r  t h a n  

5 mi c r o n .  T h e  l i q u i d  l i mi t  wa s  31 ,  t h e  

p l a s t i c  l i mi t  16  a n d  t h e  s p e c i f i c  g r a v i t y  

2 . 7 4 .  Th e  n a t u r a l  mo i s t u r e  c o n t e n t  ( w)  wa s  

15 % t h e  d r y  d e n s i t y  ( yd)  1 . 5 4  t o n s / m3  a n d  t h e  

d e g r e e  o f  s a t u r a t i o n  ( S)  5 3 . 5 %. ( Zur ,  1 9 6 9 ) .  

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

( Yo ) d / ( r i l ) d = 1 . 5 4 / 1 . 4 8  =  1 . 0 4 < 1 . 1,  a n d  t h e  

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

ma r g i n a l  c o l l a p s e  p o t e n t i a l .

4.  EXPERI MENT AL  PROGRAM

Co l l a p s e  b e i n g  a  v o l u me t r i c  p h e n o me n o n ,  i t  

ma y  b e  s t u d i e d  e i t h e r  b y  me a s u r i n g  u p o n  s a t u 

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

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

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

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

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

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

b e  mo n i t o r e d  b y  me a s u r i n g  p o r e  p r e s s u r e  d e 

v e l o p e d  d u r i n g  u n d r a i n e d  s h e a r .  I t  s h o u l d  be  

n o t e d  t h a t  t h e  c o n s t a n t  v o l u me  t e c h n i q u e  i s  

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

n o t  v a r y  as  t h e  t e s t  p r o c e e d s .

Th e  e q u i p me n t  u s e d  c o n s i s t e d  o f  r i g i d  r i n g  

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

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

f o r  a l l  r e ma i n i n g  t e s t s .

Th e  f o l l o wi n g  t e s t s  we r e  p e r f o r me d :

a)  Ri g i d  r i n g  c o n s o l i d a t i o n  t e s t s  o n  u n d i s 

t u r b e d  s a mp l e s  f i r s t  l o a d e d  a t  n a t u r a l  wa t e r  

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

s t r e s s  l e v e l s .  Fo r  c o mp a r i s o n ,  r i g i d  r i n g  

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

f u l l y  s a t u r a t e d  s a mp l e s  s e d i me n t e d  f r o m a 

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

d e n s i t y  as  t h e  u n d i s t u r b e d  s a mp l e s .

b)  A s e r i e s  o f  t r i a x i a l  c o n s o l i d a t i o n  t e s t s  

o n  u n d i s t u r b e d  s a mp l e s .  Th e  s a mp l e s  we r e  

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

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

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

c h a n g e  ( " c o l l a p s e " )  wa s  me a s u r e d .  At  e a c h  

me a n  s t r e s s  l e v e l  t e s t s  we r e  p e r f o r me d  a t  

t h r e e  r a t i o s  o f  ma j o r  ( Oj . )  t o  mi n o r  ( an l ) g 

p r i n c i p a l  s t r e s s .  ¡j

c)  As  b)  a b o v e ,  b u t  u p o n  t h e  i n t r o d u c t i o n  

o f  i n c r e me n t s  o f  wa t e r ,  t h e  me a n  s t r e s s  wa s  

r e d u c e d  s o  a s  t o  ma i n t a i n  c o n s t a n t  v o l u me .

d)  Un d r a i n e a  p u r e  d e v i a t o r i c  t r i a x i a l  c o m

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

c o n f i n i n g  p r e s s u r e s .  Po r e  p r e s s u r e  wa s  

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

P r e s s u r e , k g / c m 2

Fi g .  1.  St u d y  o f  Co l l a p s e  i n  Co n s o l i d o me t e r  

( Ri g i d  Ri n g )

5.  T EST  RESUL TS AND ANAL YSI S

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

r i n g  c o n s o l i d a t i o n  t e s t s  a r e  s h o wn  i n  Fi g .  1.  

Fo u r  u n d i s t u r b e d  s a mp l e s  we r e  l o a d e d  t o  0 . 5 ,  

1 . 6 ,  3 . 2 ,  a n d  6 . 4  k g / c m2 r e s p e c t i v e l y  a n d  

t h e n  i n u n d a t e d  wi t h  wa t e r .  Sh o wn  o n  t h e  p l o t  

a r e  t h e  p e r c e n t  c h a n g e  i n  h e i g h t  v e r s u s  a p 

p l i e d  p r e s s u r e  a t  i n - s i t u  mo i s t u r e  a n d  t h e  

e n v e l o p e  o f  e n d  p o i n t s  a f t e r  s a t u r a t i o n .  On  

t h e  s a me  p l o t  a r e  s h o wn  t h e  r e s u l t s  f o r  a 

s l u r r i e d  s a mp l e  h a v i n g  t h e  s a me  i n i t i a l  d e n 

s i t y .  Af t e r  s a t u r a t i o n  t h e  v o i d  r a t i o  o f  

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

t h a t  o f  t h e  s l u r r i e d  s a mp l e  u p  t o  p r e s s u r e s  

as  h i g h  as  6 . 4  k g / c m2 . Th i s  b e h a v i o u r  i n 

d i c a t e s  t h a t  t h e  q u a s i - r i g i d  s t r u c t u r e  o f  t h e  

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

a f t e r  c o l l a p s e  u p o n  s a t u r a t i o n .
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I t  ma y  b e  a s s u me d  t h a t  l o e s s  wh i c h  s u b s i d e s  

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

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

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

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

t h e  f i e l d .  ( Go l d s h t e i n ,  19 69 )  . Th i s  

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

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

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

Se v e r a l  i n v e s t i g a t o r s  r e p o r t  f i e l d  e v i d e n c e  

s u p p o r t i n g  t h e  a b o v e .  ( Dr a n i k o v ,  1 9 6 7 ;  

Ko d r y a n o v a ,  1 9 6 9 ) .  I t  ma y  b e  s e e n  t h a t  

f o r  t h e  l o e s s  t e s t e d  t h e  t h r e s h o l d  s t r e s s  i s  

a b o u t  1 . 0  k g / c m2 a n d  a t  s t r e s s e s  b e l o w t h i s  

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

t we e n  t h e  s i l t  p a r t i c l e s  i s  ma i n t a i n e d  e v e n  

a f t e r  s a t u r a t i o n .  ( Go l d s h t e i n  a n d  

Ma k a r e n k o ,  1 9 7 0 ) .
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Fi g .  2.  I n f l u e n c e  o f  Pr i n c i p a l  St r e s s

Ra t i o  o n  Pe r c e n t  Vo l u me  Co l l a p s e  

Up o n  Sa t u r a t i o n

b.  Th e  a b o v e  p h e n o me n o n  wa s  f u r t h e r  

c h e c k e d  b y  a  s e r i e s  o f  t r i a x i a l  c o n s o l i 

d a t i o n  t e s t s  o n  u n d i s t u r b e d  s a mp l e s  a t  n a t u 

r a l  mo i s t u r e  a n d  d e n s i t y .  Ea c h  s a mp l e  wa s  

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

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

[ 1/ 3  ( Oj  + 2 o j j j ) ] a n d  p r i n c i p a l  s t r e s s  r a t i o  

( a l / a i n )  . T h e  s a mp l e s  we r e  t h e n  i n u n d a t e d  

wi t h  wa t e r  a n d  t h e  v o l u me  d e c r e a s e  u n d e r  t h e  

s a me  s t r e s s  wa s  me a s u r e d .  T e s t  r e s u l t s  a r e  

s h o wn  i n  Fi g .  2.  As  c a n  b e  s e e n  t h e  v o l u me  

c o l l a p s e  u p o n  s a t u r a t i o n  wa s  a b o u t  1 . 0  p e r 

c e n t  f o r  a  me a n  s t r e s s  o f  0 . 8  k g / c m2 f o r  

p r i n c i p a l  s t r e s s  r a t i o s  o f  1 . 0  a n d  1 . 3 ,  

wh e r e a s  f o r  t h e  s a me  me a n  s t r e s s  t h e  v o l u me  

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

3 p e r c e n t  wh e n  t h e  p r i n c i p a l  s t r e s s  r a t i o  wa s  

1 . 6 5 .  An  i n c r e a s e  o f  v o l u me  c h a n g e  wi t h  i n 

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

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

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

t i g a t o r s .  ( St a n c u l e s c u ,  1 9 6 7 ;  L i mi z e  a n d  

Kr a t s o v ,  1 9 6 9 ) .  Ho we v e r ,  Fi g .  2 i n d i c a t e s  

t h a t  t h e  mi n i mu m v o l u me  c h a n g e  wa s  n o t

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

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

o f  1 . 1 7 .  Th i s  r e s u l t  i s  a  f u r t h e r  i n d i c a 

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

e v e n  a f t e r  s a t u r a t i o n ,  wi t h  t h e  s o i l  e x h i b i t 

i n g  a p p a r e n t  d i l a t i n g  ( v ol .  i n c r e a s e )  c h a r a c 

t e r i s t i c s  a t  l o w s h e a r  s t r e s s  l e v e l s .

D e g r e e  o f  S a t u r a t i o n ,  s, V.

Fi g .  3.  Eq u i l i b r i u m Oc t a h e d r a l  No r ma l

St r e s s  Ve r s u s  De g r e e  o f  Sa t u r a t i o n  

f o r  I n c r e me n t a l  We t t i n g  a t  Co n 

s t a n t  Vo l u me

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

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

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

t u r b e d  s a mp l e s .  T h e  s a mp l e s  we r e  c o n s o l i 

d a t e d  a t  a  p a r t i c u l a r  l e v e l  o f  me a n  n o r ma l  

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

p r i n c i p a l  s t r e s s  r a t i o .  Wa t e r  wa s  t h e n  i n 

t r o d u c e d  i n  i n c r e me n t s , a n d  t h e  me a n  n o r ma l  

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

s t a n t  v o l u me .  Th e  t e s t  r e s u l t s  s h o wi n g  t h e  

e q u i l i b r i u m me a n  s t r e s s  (° o c t )  as  a  f u n c t i o n  

o f  t h e  d e g r e e  o f  s a t u r a t i o n  ( S)  i s  s h o wn  i n 

Fi g .  3 f o r  t wo  i n i t i a l  v a l u e s  o f  0 o c t '  i . e .

0 . 8  a n d  1 . 6  k g / c m2 , e a c h  a t  p r i n c i p a l  s t r e s s  

r a t i o s  o f  1 . 0 0  a n d  1 . 17 .

Se v e r a l  f e a t u r e s  a r e  wo r t h  n o t i n g .  F o r  b o t h  

i n i t i a l  me a n  n o r ma l  s t r e s s e s  ( aQC .̂ ) o f  0 . 8  

a n d  1 . 6  k g / c m2 t h e  f i n a l  e q u i l i b r i u m a o c t  a t  

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

p r i n c i p a l  s t r e s s  r a t i o  o f  1 . 1 7  t h a n  f o r  a 

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

r e s u l t s  a r e  s h o wn  o n  Fi g .  4 A o n  a v e r s u s  

/ 2 a j n  p l o t ,  wh e r e  t h e  s t r e s s  p a t h s  f o l l o we d  

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

r i g i d i t y  a s s o c i a t e d  wi t h  a  l o w l e v e l  o f  

s h e a r  s t r e s s  s h o wn  i n  Fi g .  2 i n  t h e  v o l u me  

c h a n g e  t e s t s  i s  h e r e  s h o wn  i n  Fi g .  4B f o r  

t h e  c o n s t a n t  v o l u me  t e s t s .
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\ J2 x f f ^ kg/ cm2 \|2 * CTj j , kg/ cm2

Fi g .  4A.  St r e s s  Pa t h s  i n  Oj  -  / 2 c m  Pl a n e  

f o r  Co n s t a n t  Vo l u me  Up o n  Sa t u r a t i o n

Fi g .  4B.  Re d u c t i o n  i n  o o c t  Re q u i r e d  f o r  

Co n s t a n t  Vo l u me  Up o n  Sa t u r a t i o n  

a t  Va r i o u s  Pr i n c i p a l  St r e s s  Ra t i o s

I t  i s  i n t e r e s t i n g  t o  n o t e  f r o m Fi g .  3 t h a t  

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

t h e  r e d u c t i o n  i n  cfo c t , r e q u i r e d  t o  ma i n t a i n  

c o n s t a n t  v o l u me ,  c o n t i n u e d  u n t i l  a  d e g r e e  

o f  s a t u r a t i o n  o f  7 0 %- 8 0 % wa s  r e a c h e d .  Ot h e r  

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

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

60 % i s  r e a c h e d ,  ( Go l d s h t e i n  a n d  Ma k a r e n k o ,  

1 9 7 0 ) .  Of  s p e c i a l  i n t e r e s t  i s  t h e  s l i g h t  

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

i n c r e a s e  i n  o o c ^  r e q u i r e d  t o  ma i n t a i n  c o n 

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

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

i pgt  = k g / c m2  a t  a  Oj / Oh j  o f  1 . 1 7 .

Th i s  t e n d e n c y  f o r  s we l l i n g  c o n t i n u e d  u n t i l  

t h e  d e g r e e  o f  s a t u r a t i o n  r e a c h e d  50 % a n d  

t h e n  wa s  f o l l o we d  b y  a  t e n d e n c y  f o r  c o l l a p s e .

AU

ÔCT.

+0.1

0

-0.1

-0.2

- 0. 3

Fi g .  5.  Di me n s i o n l e s s  Po r e  Pr e s s u r e  Cu r v e s  

f o r  Un d r a i n e d  Pu r e  De v i a t o r i c  Ax i a l  

Co mp r e s s i o n  o n  Fu l l y  Sa t u r a t e d  

Sa mp l e s

d)  T h e  q u a s i - r i g i d  s t r u c t u r e  o f  t h e  u n d i s 

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

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

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

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

p r e s s u r e ,  ( Zur  a n d  Wi s e ma n ,  1 9 6 9 ) .

T h e  t r i a x i a l  c o mp r e s s i o n  t e s t s  we r e  p e r f o r me d  

wh i l e  ma i n t a i n i n g  a  c o n s t a n t  me a n  s t r e s s  

( aOC£)  s o  t h a t  t h e  p o r e  p r e s s u r e  d e v e l o p e d  

wa s  m  t h e  f i r s t  a p p r o x i ma t i o n  d u e  t o  

c h a n g e s  i n  t h e  s h e a r  s t r e s s e s  o n l y  ( To c t ) •

Th e  t e s t s  we r e  p e r f o r me d  b y  i n c r e me n t a l  a x i a l  5 

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

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

s t r e s s  o n  t h e  s a mp l e  r e ma i n e d  c o n s t a n t .

Pl o t s  o f  p o r e  p r e s s u r e  d e v e l o p e d  ( Au / a o c t ) 

v e r s u s  a p p l i e d  s h e a r  s t r e s s  ( T0 Ct / a 0 g t ) a r e  

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

s a mp l e s  i n  Fi g .  5.  Th e  s l u r r i e d  s a mp l e s  we r e  

t e s t e d  a t  t wo  l e v e l s  o f  0 Qc t  i . e .  0 . 8  a n d  

1 . 6  k g / c m^ ,  wh i l e  t h e  und i s t f i r b e d  s a mp l e s  

we r e  t e s t e d  a t  t h r e e  l e v e l s  o f  a o c t  i . e .

0 . 8 ,  1 . 6  a n d  3 . 2  k g / c m2 . Th e  s l u r r i e d  

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

c r e a s e  o f  p o r e  p r e s s u r e  as  t h e  s h e a r  s t r e s 

s e s  we r e  i n c r e a s e d .  T h e  u n d i s t u r b e d  s a mp l e s ,  

o n  t h e  o t h e r  h a n d ,  s h o we d  s t r o n g  e v i d e n c e  o f  

t h e  q u a s i - r i g i d  s t r u c t u r e  e v e n  a f t e r  s a t u r a 

t i o n .  Th i s  e f f e c t  i s  mo s t  ma r k e d  a t  t h e  l o w 

° oct  0>8  k g / c m2 . Th e  p o r e  p r e s s u r e  d e 

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

a  v a l u e  o f  To c t / a o c t  o f  a b o u t  0 . 3 ,  i mp l y i n g  

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

t o  d i l a t e n c y  ( t e n d e n c y  f o r  v o l u me  i n c r e a s e )

¡(3.2)

: i .6>

(0.8)

Number s at  t he end 1 1 

of  each cur ve ar e t he /  /  

const . t ot al  nor mal  j  • /  
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followed by a rapid collapse of the struc

ture as the cohesive bonds are broken

6.  CONCL USI ONS

The main findings of the study are that the 

loess maintains a quasi-rigid structuré even 

after saturation and that collapse behavior 

depends not only on the increase of the 

degree of saturation and the mean stress 

level but on the shear stress level as well. 

The decrease in collapse potential at low 

shear stress levels as compared to hydro

static stress conditions is particularly 

worthy of note. This latter phenomena 

was foun:. to exist for all the widely 
different methods of testing employed.

All tests were carried out or. undisturbed 

samples of Negev loess whose density is such 

that it may be considered to have a marginal 

collapse potential. Though the findings 

are only applicable quantitatively for the 

loess tested it is believed that the test 

methods used and the trend of the results are 

of more general applicability.
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