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R e p u b l ic  o f  C h in a

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

g e o t e c h n i c a l  e n g i n e e r i n g  p r a c t i c e  c o v e r  a v i de  

r ange ,  s ay  1 0 ' ' ~ 1 0 " 1 . The  n o n - l i n e a r i t y  of  t he 

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

when  c h a r a c t e r i z i n g  t he s t i f f n e s s  of  a s o i l .  Re ­

s u l t s  of  t r i a x i a l  t es t s  u s i n g  a s p e c i i e n  of  30c i  

i n d i a i e t e r  and 6 0 c i  h i g h  we r e  d i s c u s s e d  h e r e i n  

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

at  v e r y  s i a l l  s t r a i n  l ev e l s .  Two t y p e s  of  s o i l s ,  

Hi i e  g r a v e l ( HG)  and a c e l e n t - t r e a t e d  s a n d y  s oi l  

( CSS)  we r e  us ed.  HG i s a n a t u r a l  g r av e l  wi t h  D90 

equa l  t o 1 . 8 5 n  and  Uc equa l  t o 1. 33.  The  CSS 

was  p r e p a r e d  by  c u r i n g  a a i x t u r e ,  i n eac h  c u b i c

■ e t e r  v o l u i e ,  of  a c e i e n t ( 8 0 k g f  ) , a n a t u r a l  s and  

( 1 1 7 7 k g f ) ,  a c l a y ( l l Ok g f )  and wa t e r ( 5 2 0 k g f ) .  The  

s t r e n g t h  and d e f o r i a t i o n  p r o p e r t i e s  of  t h i s  i a-  

t e r i a l  r e s e i b l e  t h o s e  of  n a t u r a l  s o f t  r oc k s .

The s p e c i me n s  we r e  f i r s t  i s o t r o p i c a 11y c o n s o ­

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

t hen  s h e a r e d ,  u n d e r  a c o n s t a n t  c el l  p r e s s u r e ,  by  

a p p l y i n g  t he ax i a l  l oad i n t wo i a n n e r s ; t h e  d e v i -  

a t o r i c  s t r e s s ( q )  was  a o n o t o n i c a  I 1 y i n c r e a s e d  t o 

f a i l u r e ( t h e  a o n o t o n i c  t e s t s )  and q was  c y c l e d  by 

an e qua l  a i o u n t  i n c o mp r e s s i o n  and i n e x t e n s i o n  

( t he  c y c l i c  t e s t s ) .  The  a x i a l  d i s p I a c e i e n t s  we r e  

■ eas ur ed u s i n g  a l oc al  d i s p l a c e me n t  t r a n s d u c e r  

( L DT ) ( T a t s u o k a , 198 8 )  a o u n t e d  v e r t i c a l l y  on t he 

l a t e r a l  s u r f a c e  of  t he s p e c i i e n  s o t ha t  t he b e d ­

d i n g  e r r o r  c ou l d  be e x c l u d e d  f r o i  t he l e a s u r e -  

■ ent s .  By u s i n g  t h i s  d e v i c e . i t  was  p o s s i b l e  t o 

■ eas ur e t he r a n g e  of  ax i a l  s t r a i n  of  f r o i  10' °  

t o 1 0 *  f or  t he s i z e  of  t he s p e c i i e n  us ed.

I n t he l o n o t o n i c  t es t s ,  c y c l i c  l o a d i n g s  u s i n g  

s i a l l  a mp l i t u d e s  of  q we r e  app  I i e d ( F i g . 1) .  Fr o i  

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

E. „ '  or  G. , ' ,  was  o b t a i n e d  i n r e l a t i o n  t o t he 

s t r e s s  I ev e  I ( q ‘ ) ( s ee  a s k e t c h  i n F i g . 1 ( a ) ) .  I n 

F i g s . 2 and 3,  t he s e c a n t  l o d u l i  ( E. . .  or  G. .  = ) 

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

wi t h  t he s t i f f n e s s  o b s e r v e d  i n t he c y c l i c  t es t s  

( E. » or  G. . ) ( s e e  i n s e t s  i n F i g . 2) .  For  t he u n ­

d r a i n e d  t e s t s ( F i g . 3) ,  t he  s h e a r  l o du l i  we r e  c a l ­

c u l a t e d  by  a s s u i i n g  a p o i s s o n ’ s r a t i o  of  0. 5.

The f o l l o wi n g s  ar e  t o be no t ed :

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

■ e t h o d ( c f  t e r i e d  " e x t e r n a l ”  i n F i g . 1 ( b ) )  gav e  

■ uch s i a l l e r  v a l u e s  t han  t ho s e  d e t e r mi n e d  f r o i  

L DT( c f  t e r i e d  " l o c a l ” ) .  The  d i v e r g e n c e  was  l o r e  

s i g n i f i c a n t  when  s i a l l e r  s p e c i me n s  wi t h  h e i g h t s  

of  l Oc i  or  15c i  we r e  us ed.

( 2)  For  t he l o n o t o n i c  l o a d i n g  t es t s ,  t he s t r e s s

s t r a i n  r e l a t i o n s h i p  was  l i nea r  up t o 2 X  1 0 ' 5 f or

HG( F i g . 2 )  and up t o 9 X I 0 ' 5 f or  CSS( F i g . 3 )  ( s ee

a l s o  i ns e t s  i n F i g . 1) .

A x ia l  s t r a in ,  c ,

( a )

( b)

Fi g. l  s t r es s  s t r ai n r e l a t i ons h i p  obser ved.

A x ia l  s t r a i n ,  c ,  a n d  ( c , ) * .

Fi g . 2 Var i at i on of  s t i f f nes s  obs er v ed f or  Hi me 

gr av e 1 ( HG) .

( 3)  I n t he l i near  r eg i on ,  t he s t i f f n e s s  p a r a me ­

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

l o n o t o n i c  and c y c l i c  t e s t s  s h o we d  l i t t l e  d i f f e r -  

e n c e ( s e e  Ta b l e  1)  and t h i s  g a v e  t he l a x l i u i  s t i ­

f f n e s s  f or  t he l a t e r i a l s  t es t ed .

2793



i2 0 0 0 r

S h e a r  s t r a i n s .  Y  a n c * Ya*

Fi g. 3 Var i at i on of  s t i f f ness  obser ved f or  cei ent  

t r eat ed sandy soi l ( CSS) .

Tabl e 1 St i f f nes s  pa r a i e t e r s  at  v er y  s i al l  

s t r ai ns .

(  u n i t : k g f / c n 2 ; f i g u r e s  i n b r a c k e t s  s h o w 

t he  c o r r e s p o n d i n g  ax i a l  s t r a i n  l ev e l )

Monot on i c  t es t s Cy c l i c  t es t s

soi l E. . „ E.  ,  * E . „

HG 3 5 4 0  

( < 2 X  1 0 = )

3 5 2 0  

( <2  X  1 0 = )
3 480  

( <1 . 2 X  1 0 = )

CSS 3 1 1 1 0

( <5 X  10-  = )

3 2 7 6 0  

( <7 X  1 0 = )

3 2 5 8 0  

( <2.  I X  10 ” )

( 4)  Ba s e d  on o t h e r  t e s t s  on v a r i o u s  c o h e s i o n l e s s  

s o i l s ,  t he s t r a i n  d e p e n d e n c y  of  s e c a n t  l o d u l u s  

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

t he c y c l i c  t e s t s ( F i g . 2) .

I n s u n a r y ,  t he s o i l s  e x h i b i t e d  n o n - l i n e a r  

b e h a v i o u r  i n t he i r  s t r e s s - s t r a i n  r e l a t i o n s .  But  

a l i n e a r - e l a s t i c  r ange ,  ov e r  wh i c h  s t i f f n e s s  was  

■ ax i i u i  f or  a g i v e n  l a t e r i a l ,  was  o b s e r v e d  

wi t h i n  t he s i a l l  s t r a i n  r e g i o n .  The  l i nea r  e l a s ­

t i c  l i i i t  s e e i s  t o be d e p e n d e n t  on t he s oi l  t y pe.

Re f e r e n c e : T a t s u o k a , F . (  1 988) .  So i e  r e c e n t  d e v e ­

l o p me n t s  i n t r i a x i a l  t e s t i n g  s y s t e i s  f or  c o h e s i ­

o n l e s s  s o i l s , AST M STP 9 7 7 , 7 - 6 7 .
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D isc u s s io n

A . K . P A R K IN , M o n a s h  U n iv e rs i ty , M e lb o u rn e ,  A u s tra lia

In the list of strength models normally called up to apply to 

granular materials, that of Parkin (1965) remains almost 

unknown, despite being the only criterion in existence based 

solely on particle mechanics, as opposed to various curve- 

fitting procedures. Elsewhere in this Conference, for 

example, Ramamurthy and Tokhi (Session 8) state that there 

were no theoretical relationships linking triaxial and plane 

strain strengths before 1980.

O f the models that Puccini et al. offer, one is quoted as 

having the advantage of "offering no sharp edges in stress 

space”, as if this is a necessary or desirable condition. This 

idea is clearly shared by various other writers, such as 

Lomize and Kryzhanovsky (1967), despite the fact that there 

are some good theoretical reasons why sharp discontinuities 

might well occur, as indeed they do in the original Coulomb 

envelope. O f all the theories quoted, none identifies or 

makes reference to the associated mode of failure, and in 

consequence none hints at the condition of instability arising 

at the condition of triaxial extension, as reported by Proctor 

and Barden (1969) and Green (1971).

This whole subject is greatly complicated by the fact that it 

is virtually impossible to conduct reliable tests in the region 

between plane strain and triaxial extension (as stated by Bell, 

1968), despite all the ingenuity and care that has been 

applied to the matter. This is clearly evident from the 

divergence between the many published results and in the 

often anomalous results (such as the strong dependence of <)>’ 

on b for loose sand, Lade and Duncan, 1973). In the 

Authors’ case, wherein the tests relate to a new type of cube 

apparatus with six rigid orthogonal platens, the results are 

unlikely to provide any improvement on preceding ones 

because of the degree of interference with any potential 

failure mode. It is only because of these acute experimental 

problems that the Mohr-Coulomb theory is discarded 

prematurely. Significantly, however, extension test results are 

mostly in good agreement with plane strain results, with a 

fairly well defined plateau between (e.g. Proctor and Barden, 

1969; Green, 1971; Lade and Duncan, 1973), which might 

also include the Authors’ results, except for a strange 

occurrence at B = 60°.

The essence of the above-mentioned solution from particle 

mechanics (Parkin, 1965) is that it predicts failure 

characterised by three quite distinct failure mechanisms, 

operating over different stress regimes (Fig.l). Plane strain 

is associated with one of these transitions, for which

a 2 =  (a ,  +  a , ) /3

an equation which is in as good agreement with test data as 

any of the empirical alternatives (as used by Ramamurthy 

and Tokhi). Instability occurs at the condition of extension, 

when two failure mechanisms become equally critical (viz. 

plane sliding and necking), with different strengths applying

Fig.l Failure envelope for close-packed spheres 

(derived from Parkin, 1965)

to each, as has indeed been observed in tests (above). It 

will be seen that the Mohr-Coulomb criterion is the dominant 

control over behaviour, except near triaxial compression 

where another mechanism operates and where the Tresca 

criterion provides the best fit. (Some criticism of this 

solution by Thornton (1981) relates to a second order error 

affecting the accuracy of the solution close to the 

compression axis and for large <t>M.. This, however, does not 

bear on any of the essential principles above.)

In brief, this topic revolves around the failure mechanism. 

If it cannot be specified for the solution put forward, or if it 

cannot be seen in the apparatus used, or if it is interfered 

with, then the work becomes dubious. Conversely, unless 

the strength model consists of simple elements, like Mohr 

and Tresca, it is unlikely that it can ever be related to a 

failure mechanism.
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