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The dilatometer test in sands: Use and limitations 

Essai dilatométrique dans les sables: Domaine d’utilisation et limitations

J.-M.KONRAD, University of Waterloo, Waterloo, Ontario, Canada

SYNOPSI S:  The Fl a t  Pl a t e  Di l a t o me t e r  ( DMT)  i s a s oi l  d i s p l a c i n g  p r o b e  and i t s  i n s e r t i o n  a l t e r s  t he  

i n i t i a l  s t a t e  ( v oi d  r a t i o  and me a n  s t r es s )  i n c o h e s i o n l e s s  me d i a .  I n o r d e r  t o as s e s s  t he  e f f e c t  of  

d i s t u r b a n c e  on DMT da t a ,  l a b o r a t o r y  t e s t s  i n a s mal l  c a l i b r a t i o n  c h a mb e r  we r e  c o n d u c t e d  t o o b t a i n  

t he  DMT' s  r e s p o n s e  d u r i n g  t he  e x p a n s i o n  p h a s e  i n " u n d i s t u r b e d "  and f u l l y  d i s t u r b e d  Ot t a wa  s and.  The 

e x p e r i me n t a l  r e s u l t s  d e mo n s t r a t e  t ha t  DMT d a t a  a r e  bes t  i n t e r p r e t e d  i n t e r ms  of  n o r ma l i z e d  s t a t e  

p a r a me t e r .  Re l a t i o n s h i p s  o b t a i n e d  f r o m l a r ge  c a l i b r a t i o n  c h a mb e r s  a l l o w t o i n f e r  t he  i n - s i t u  s t a t e  

of  u n d i s t u r b e d  s and s  f r o m t he DMT' s  s t r e s s  i n dex  and t he  v a l u e  of  mea n  s t r es s .

1 I NTRODUCTI ON

The us e of  i n - s i t u  t e s t s  t o d e t e r mi n e  d e s i g n  
p a r a me t e r s  i s p a r t i c u l a r l y  i mp o r t a n t  i n s a nds  

whe r e  u n d i s t u r b e d  s a mp l i n g  i s d i f f i c u l t .  Un f o r t u 
n a t e l y ,  mo s t  i n - s i t u  t e s t s  do no me a s u r e  ac t ua l  

s oi l  p r o p e r t i e s  bu t  i n s t e a d  y i e l d  s ome i ndex  p a r a 

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

me ans  of  e mp i r i c a l  c o r r e l a t i o n s .  As  p o i n t e d  ou t  

by  Wr o t h  ( 1984 ) ,  t he  c h o i c e  of  p r o p e r t i e s  i s c r u 

c i al  and s h o u l d  i d e a l l y  be b as e d on a p h y s i c a l  
a p p r e c i a t i o n  of  why  t h e  p r o p e r t i e s  c an  be e x p e c t e d  

t o c o r r e l a t e .
The f l a t  p l a t e  d i l a t o me t e r  ( DMT)  i s a r u gg ed  

i n - s i t u  t e s t i n g  d e v i c e ,  r e l a t i v e l y  i n e x p e n s i v e  and 

r a p i d l y  g a i n i n g  i n t e r e s t  i n r e c e n t  y e ar s ,  bo t h  

o n - s h o r e  and  o f f s h o r e .  The  DMT i s a s oi l  d i s p l a 

c i ng p r o b e  and i t s  i n s e r t i o n  a l t e r s  t he  i n i t i a l  

s t a t e  ( v oi d  r a t i o  and  me a n  s t r e s s )  i n c o h e s i o n l e s s  

me d i a .  The  f i e l d s  of  s t r e s s  c h a n g e  and s t r a i n  
i n du c e d a r o u n d  t h e  d e v i c e  v ar y  s i g n i f i c a n t l y  wi t h  

d i s t a n c e  f r o m t h e  me mb r a n e  and ar e s o i l - t y p e  d e 

p e n den t .  Fu r t h e r mo r e ,  b e c a u s e  of  t he  g e o me t r y  of  

t he  p r o b e  and i t s  s mal l  d i me n s i o n s ,  t he  p r o b l e m i s 

t h r e e - d i me n s i o n a l  and  a t h e o r e t i c a l  s o l u t i o n  f o r  
an u n e q u i v o c a l  i n t e r p r e t a t i o n  of  t he  r e s u l t s  i s 

not  y e t  a v a i l a b l e .

The p u r p o s e  of  t he  p a p e r  i s t o d i s c u s s  t he  i n-  

t r e p r e t a t i o n  and us e  of  t he DMT i n s and s ,  as  wel l  
as t he  l i mi t a t i o n s  a s s o c i a t e d  wi t h  t he  u n c e r t a i n 

t i es  of  t h e  k ey  p a r a me t e r s  c o n t r o l l i n g  t he  s o i l ' s  

b e h a v i o u r .

2 CURRENT I NTERPRETATI ONS OF DMT DATA

The d e s i g n ,  o p e r a t i o n  and t he  s u b s e q u e n t  d e t e r 

mi n a t i o n  of  p a r a me t e r s  f r o m t he  t es t  r e s u l t s  has  
been d e s c r i b e d  by  Ma r c h e t t i  ( 1980)  and  Sc h me r t ma n n  

( 1986) .  Br i e f l y ,  i t  c o n s i s t s  of  a s t a i n l e s s  s t eel  

b l ade ,  94 mm wi d e  and 14 mm t h i c k  wi t h  a s har p  

edge and a 60 mm s t eel  me mb r a n e  on one s i de  of  t he  
b l ade .  Tes t s  a r e  p e r f o r me d  by  p u s h i n g  t he  p r ob e 

v e r t i c a l l y  i nt o  t he  s oi l  and me a s u r i n g  t he  l i f t 

of f  p r e s s u r e  and t he  p r e s s u r e  r e q u i r e d  t o e x p a n d  
t he me mb r a n e  1. 1 mm at  t he  t e s t  dep t h s .  Bo t h  

r e a d i n gs  a r e c o r r e c t e d  f o r  me mb r a n e  s t i f f n e s s  t o

ob t a i n  P and P. .  I n a d d i t i o n  t o t h e s e  me a s u r e -  
o 1

me n t s ,  Sc h me r t ma n n  ( 1986)  s u g g e s t s  t o e s t i ma t e  t he  

i n - s i t u  v e r t i c a l  e f f e c t i v e  s t r es s ,

° v' =° v -  uc >

and t he  t h r u s t  d u r i n g  p u s h i n g .  Fr o m t h e s e  f i e l d  
da t a  DMT i n d i c e s  ar e d e f i n ed :

Ma t e r i a l  I ndex  i D = ( p - p ) / ( po- Uq)

Ho r i z o n t a l  St r e s s  I n dex  kd = ( Po -  uo) / cv '

Di l a t o me t e r  Mo d u l u s  ed = 34 . 7^  - P0)

For  s ands ,  t he  f o l l o wi n g  e n g i n e e r i n g  p r o p e r t i e s  

c an  be e x t r a c t e d  f r o m t he  f i e l d  da t a  and t he  DMT 

i nd i c e s  u s i n g  e mp i r i c a l  and  s e mi - e mp i r i c a 1 r e l a 

t i o n s h i p s :

Soi  1 Ty pe  = f ( l D)

La t e r a l  St r e s s , K = f ( Kn , $' )
O D

St r e n g t h  = f ( KQ. V  , Thr us t )

Co mp r e s s i b i l i t y ,  M = f d D' ED)

Mo d u l u s  , e25 = f ( ED)

Fi n a l l y ,  c o r r e l a t i o n s  of  d i l a t o me t e r  and c a l i 

b r a t i o n  c h a mb e r  t e s t  r e s u l t s  l ed t o t e n t a t i v e  
me t h o d s  f o r  t he  a s s e s s me n t  of  l i q u e f a c t i o n  p o t e n 

t i al  of  s a t u r a t e d  s a nds  ( Ma r c h e t t i ,  1982;  Ro b e r t 

s on and Ca mp a n e l l a ,  1986)  and t o e s t i ma t e  f o u n d a 

t i on  s e t t l e me n t  f r o m DMT da t a  ( Sc h me r t ma n n ,  1986) .  

Ot h e r  us es  of  DMT d e r i v e d  p a r a me t e r s  i n c l ud e  
d e t e r mi n i n g  p i l e  f r i c t i o n  f o r  d e s i g n ,  e v a l u a t i n g  

p - y  c u r v e s  f o r  l a t e r a l l y  l oa ded p i l es ,  and  p r o v i 

d i ng  q u a l i t y  c o n t r o l  f o r  g r o u n d  i mp r o v e me n t  me 
t h o d s  s uc h  as d y n a mi c  c o mp a c t i o n .

3 DMT I NTERPRETATI ON I N TERMS OF STATE PARAMETER

3. 1 No r ma l i z e d  s t a t e  p a r a me t e r

Sand b e h a v i o u r  d u r i n g  s he ar  d e p e n d s  p r i ma r i l y  upon 

f a b r i c  and i n i t i a l  s t a t e .  The s t a t e  of  a c o h e 

s i o n l e s s  s oi l  i s d e f i n e d  by  i t s  v o i d  r a t i o  and 

i t s  e f f e c t i v e  mea n s t r e s s  as s ho wn  on Fi g u r e  1.  

Cu r r e n t  s t a t e ,  \p, mu s t  h o we v e r ,  be c o mp a r e d  t o a 
r e f e r e n c e  c o n d i t i o n  wh i c h  d i v i d e s  t he  s t a t e  s p ac e  

i n t o t wo  r e g i o n s ,  l e ad i n g  t o e i t h e r  a c o n t r a c t i v e
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or  a d i l a t i v e  b e h a v i o u r  d u r i n g  s hear .  Th i s  c o n d i 

t i on  c an be t a k e n  as  t he  s t e a d y  s t a t e  l i ne  ( SSL)  

( Cas t r o  and Pou l os ,  1977;  Been  and J e f f e r i e s ,  

1985) .  The l a t t e r  a u t h o r s  s h o we d  t ha t  we l l -  

d e f i n e d  r e l a t i o n s h i p s  e x i s t e d  b e t we e n  *  and t he  
peak  f r i c t i o n  ang l e ,  v o l u me t r i c  s t r a i n ,  and d i l a 

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

Ko n r a d  ( 1988)  s howed  t ha t  t h e s e  r e l a t i o n s h i p s  
c ou l d  be e x t e n d e d  t o v e r y  c o mp r e s s i b l e  s ands  i f  

t he  da t a  ar e  e x p r e s s e d  i n t e r ms  of  n o r ma l i z e d  
s t a t e  p a r a me t e r  ♦ wh e r e  i s d e f i n e d  as

■ Th i s  new p a r a me t e r  i s c l o s e  t o t he
uid X m m

d e f i n i t i o n  of  r e l a t i v e  d e n s i t y ,  Dr . e x c e p t  t ha t

i t  i n c l u d e s  t he e f f e c t  of  s t r e s s  and of  t he  s l ope  
of  SSL.  As  i l l u s t r a t e d  on Fi g u r e  1,  po i n t s  A and 

B h av e  d i f f e r e n t  v o i d  r a t i o s  and t hus  d i f f e r e n t  

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

s t a t e  p a r a me t e r s .

Fi g u r e  1.  St a t e  p a r a me t e r  i n s ands .

3 . 2 Ca l i b r a t i o n  c h a mb e r  t es t  r es u l t s

3 . 2 . 1  Un d i s t u r b e d  Cas e .  I n an a t t e mp t  t o ga i n  an 

u n d e r s t a n d i n g  of  t he  p r o c e s s e s  i n v o l v e d  i n DMT 

t e s t i n g  d u r i n g  t he  me mb r a n e  e x p a n s i o n  s t age,  

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

b r a t i o n  c h a mb e r  on " u n d i s t u r b e d "  Ot t a wa  s and u n d e r  

a g i v e n  s t r e s s  f i e l d .  I n nea r  i deal  l a b o r a t o r y  

c o n d i t i o n s ,  i . e.  u n i f o r m v o i d  r a t i o  and f a i r l y  
u n i f o r m s t r es s  f i e l d ,  t e s t s  r e s u l t s  s h o we d  t ha t  
t h e r e  i s a u n i q u e  r e l a t i o n s h i p  b e t we e n  t he e x p a n 

s i on  p r e s s u r e  ( P j - Pg K t he  mea n  s t r e s s  s t a t e ,

I ' j  , and t he  n o r ma l i z e d  s t a t e  p a r a me t e r  ( Fi g.  3) .

For  h i g h l y  d i l a t i v e  s ands ,  t he  r a t i o  ( Pj -Pq ) / I ' i

i s v er y  l a r ge  owi ng  t o t he  l a r ge s t i f f n e s s  of  

s ands  i n i t s  d e n s e s t  s t a t e  wh i l e  e x t r e me l y  l oos e 

s ands  wo u l d  be c h a r a c t e r i z e d  by  v a l u e s  of  

(Pj  - PQ ) / I ' j  c l os e t o z e r o  i f  t h e i r  r e p r e s e n t a t i v e

p o i n t  wo u l d  be i n t he  c o n t r a c t i v e  doma i n .

3 . 2 . 2  Fu l l y  Di s t u r b e d  Cas e.  Pu s h i n g  t he  DMT i nt o 

a c o h e s i o n l e s s  me d i u m c r e a t e s  s t a t e  and s t r es s  

c h a n g e s  a r o u n d  t he  p r obe ,  wh i c h ,  i n t u r n  a f f e c t  

t he  p r o p e r t i e s  of  t he  s u r r o u n d i n g  s oi l  and c o mp 
l i c a t es  t he  i n t e r p r e t a t i o n  of  t he  t es t  r e s u l t s .

To e v a l u a t e  t he  v o i d  r a t i o  c h a n g e s  i nduc ed  by  t he 

i n s e r t i o n  of  t he  DMT,  t he  e x p e r i me n t a l  s e t - u p  

u s ed  f o r  t he  u n d i s t u r b e d  c as e  was  mo d i f i e d  t o 
a l l o w f o r  t he  h o r i z o n t a l  i n t r o d u c t i o n  of  t he  DMT 

i nt o a me d i u m at  an i n i t i a l  v o i d  r a t i o  and  u nde r

Fi g u r e  2.  Vi ew of  e x p e r i me n t a l  s e t - u p

P . - P q / I ' i

Fi g u r e  3.  Re l a t i o n s h i p  b e t we e n  n o r ma l i z e d  s t a t e  

p a r a me t e r  and  e x p a n s i o n  p r e s s u r e  f r o m DMT t es t

a g i v e n  s t r e s s  f i e l d  ( Fi g u r e  2) .  Du r i n g  p e n e 

t r a t i o n ,  t he  v e r t i c a l  l oad was  ma i n t a i n e d  c o n s t a n t  
by  a d j u s t i n g  t he  p r e s s u r e  i n t he  h y d r a u l i c  j ac k .

Mu 11 i p l e - s i e v e  p l u v i a t i o n  was  us ed t o c o n t r o l  t he  

p l a c e me n t  of  d r y  Ot t a wa  s and i n t he  c o n t a i n e r  at  

t h r e e  r e l a t i v e  d e n s i t i e s  of  a b o u t  34,  73 and 88 
pe r c e n t .  As  v e r t i c a l  s t r e s s  i s a p p l i e d ,  t he  v o i d  

r a t i o  c h a n g e s  and t he  i n i t i a l  s t a t e  i s s hown  on 

Fi g u r e  4 f o r  e ac h  t es t .  The s t a t e  a f t e r  i ns e r t i o n
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was  o b t a i n e d  f r o m t he DMT da t a  i n c o n j u n c t i o n  wi t h  

t he r e l a t i o n s h i p  g i v e n  i n Fi g u r e  3.  The e x p e r i 

men t a l  r e s u l t s  g i v e n  i n Fi g u r e  4 c l e a r l y  s how t ha t  

s and i n a l oos e  s t a t e  c o n t r a c t s  a r o u n d  t he  DMT' s  

p r o b e  wh i l e  i t  d i l a t e s  whe n  i n a d e n s e  c o n d i t i o n .  

The c h a n g e s  ar e  no t  as  s i g n i f i c a n t  f o r  s and i n a 

me d i u m s t a t e  of  c o mp a c t i o n .  I t  a p p e a r s  f u r t h e r 

mo r e  t h a t  t he  i ndu c e d  v o i d  r a t i o  c h a n g e s  a r e  not  
on l y  a f u n c t i o n  of  i n i t i a l  s t a t e  but  a l s o  of  

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

v er y  d e n s e  s and i n wh i c h  v o i d  r a t i o  c h a n g e  

i n c r e a s e d  wi t h  i n c r e a s i n g  s t r e s s  l ev e l s .  For  

me d i u m and d e n s e  c o n d i t i o n s ,  t he  l i f t - o f f  p r e s 

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

s t r es s  bu t  was  a b o u t  s y s t e ma t i c a l l y  l ower  t han  t he 
a p p l i e d  s t r e s s  i n l oos e  s ands .  Mo r e o v e r ,  t he 

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

l ev e l s .  I t  i s t h o u g h t  t ha t  t he  c o mb i n e d  e f f e c t s  

of  a r c h i n g  and r i g i d  i n c l u s i o n  may  a c c o u n t  f o r  

t hes e  n o n - u n i f o r m s t r e s s  d i s t r i b u t i o n s .

I  j , k Pa

Fi g u r e  4.  Ef f e c t  of  DMT i n s e r t i o n  i n Ot t a wa  s and 

u nde r  c o n s t a n t  s t r es s

3 . 2 . 3  L a r g e  Ca l i b r a t i o n  Ch a mb e r s .  Be l l o t t i  et  al .  
( 1979)  and Ma r c h e t t i  ( 1982)  r e p o r t e d  DMT d a t a  o b 
t a i n e d  f r o m t e s t s  c o n d u c t e d  i n c h a mb e r s  wh i c h  ar e 

l ar ge e n o u g h  so t ha t  b o u n d a r y  e f f e c t s  ar e  no t  a 

s e r i o u s  l i mi t a t i o n .  Fu r t h e r mo r e ,  t he  c h a mb e r s  

us ed a l l o w f o r  a d e q u a t e  c o n t r o l  of  b o u n d a r y  s t r e s 

ses  and d i s p l a c e me n t s .  Ve r t i c a l  i n s e r t i o n  of  t he  

DMT i n t h e s e  c h a mb e r s  a l t e r s  t he  s t a t e  o n l y  o v e r  

a c e r t a i n  d i s t a n c e  f r o m t he  p r o b e  as  i t  may  be 

a s s u me d  t h a t  f a r  f i e l d  c o n d i t i o n s  a r e  u n a f f e c t e d .  
The s and ma s s  i s t hu s  c h a r a c t e r i z e d  by  a l oc us  of  

po i n t s  i n a s t a t e  d i a g r a m.  The l i f t - o f f  p r e s s u r e  

a p p r o x i ma t e s  t he no r ma l  s t r e s s  n e a r  t he  me mb r a n e  
wh i l e  t he  e x p a n s i o n  p r e s s u r e  ( F\ - P0 ) r e f l e c t s  t he 

c o mp l e x  d i s t r i b u t i o n  of  s t r e s s e s  and v o i d  r a t i o  

a r o u n d  t he  p r obe .
A s i mp l i f i e d  i n t e r p r e t a t i o n  of  DMT d a t a  c an  be 

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

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

t he s ame e x p a n s i o n  p r e s s u r e  as  t ha t  o b t a i n e d  i n 

t he r eal  s i t u a t i o n .  I n o r d e r  t o o b t a i n  t he  equ i -

v a l e n t  ^/ i ^ f r o m Fi g u r e  3,  I ' 1 mus t  be s p e c i f i e d .

I ' j  i s t he  a v e r a g e  s t r es s  of  t he  f i c t i o u s  s oi l  and

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

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

t o  r e l a t e  l ' i  d i r e c t l y  t o t he  me a s u r e d  l i f t - o f f

p r e s s u r e  as :

I'l = « (P0 - u0) (1)

wh e r e  a i s l es s  t ha n  1.  The  e q u i v a 1ent  ^ ^  c an

t he n  be o b t a i n e d  f o r  v a r i o u s  v a l u e s  of  a.  The 

r ange  of  “  wi l l  be l i mi t e d  as  t he  a v e r a g e  v o i d  

r a t i o  mu s t  be p h y s i c a l l y  a d mi s s i b l e ,  i . e.  b e t we e n  
ma x i mu m and mi n i mu m v a l u e s ,  and t he  a v e r a g e  s t r es s  

of  t he  f i c t i o u s  s y s t e m s h o u l d  n e v e r  be s ma l l e r  

t h a n  t he  i n i t i a l  me a n  s t r es s .

Fi g u r e  5 s hows  t he  v a l u e s  of  # / ^  f o r  t he  e q u i 

v a l e n t  s y s t e m of  t he  t e s t s  p e r f o r me d  i n t he  l ar ge 

c a l i b r a t i o n  c h a mb e r s .  Th e s e  v a l u e s  we r e  o b t a i n e d  
f o r  a equa l  t o 0.5 and 0.75. As  e x p e c t e d ,  t he 

i n s e r t i o n  of  t he  DMT p r o d u c e d  an i n c r e a s e  i n v o i d  

r a t i o  and i n s t r e s s e s  i n f a i r l y  d e n s e  s and wh i l e  

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

l oos e  s and wi t h ,  h o we v e r ,  s t i l l  s l i g h t  s t r e s s  i n 

c r e a s e s .  The  s t a t e  pa t h  f o l l o we d  d u r i n g  i n s e r t i o n  

c an  be d e f i n e d  as  t he  l i ne b e t we e n  t he i n i t i a l  

s t a t e  and t he  e q u i v a l e n t  s t a t e  of  t he  f i c t i o u s  

s y s t e m.  Th i s  pa t h  a p p e a r s  t o d e p e n d  upon  t he  i n i 

t i a l  s t a t e ,  t he  s t r e s s  l ev el  and  f a b r i c  of  t he 
s and  d e p o s i t .

I ' , , a P0 , kPa

Fi g u r e  5.  Ef f e c t  of  DMT i n s e r t i o n  i n l a r ge  c a l i 

b r a t i o n  c h a mb e r s
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4 I N- SI TU STATE FROM DMT TEST

I n v i e w of  t he  a b o v e  me n t i o n e d  r e s u l t s ,  i t  i s s u g 

g e s t e d  t o r e l a t e  t he  me a s u r e d  e f f e c t i v e  l i f t - o f f  

p r e s s u r e  n o r ma l i z e d  wi t h  r e s p e c t  t o t he e f f e c t i v e  

v e r t i c a l  s t r es s ,  i . e.  Kq , t o t he  i n i t i a l  n o r ma l i 

z ed s t a t e  p a r a me t e r  (>( ' A, 1 )0 and t o t he  ma g n i t u d e  of  

t he  i n - s i t u  me a n  s t r es s ,  ( I j J ' o . Av a i l a b l e  c h a m

be r  t es t  da t a  p r o c e s s e d  i n t e r ms  of  (<(> /  i ) 0 ,

( I ' j  ) and Ky ar e  p r e s e n t e d  i n Fi g u r e  6.  I t  a p 

pea r s  t ha t  t h e r e  i s i ndeed  a c o r r e l a t i o n  b e t we e n  

t he  n o r ma l i z e d  s t a t e  p a r a me t e r  of  t he  u n d i s t u r b e d  

c o n d i t i o n  s u b j e c t e d  t o a g i v e n  s t r es s  s t a t e  and 
t he  DMT' s  K D. For  i n s t anc e ,  i n d i l a t i v e  s o i l s ,

i . e.  <P < 0,  Kd i n c r e a s e s  wi t h  i n c r e a s i n g  v a l u e s  of

( ^  /  1) o - Ho we v e r ,  f o r  a g i v e n  n o r ma l i z e d  s t a t e ,

Kq i n c r e a s e s  a l s o  wi t h  t he  i n c r e a s i n g  s t r e s s  l ev el

of  u n d i s t u r b e d  s and mas s .  I t  i s n o t e d  t ha t  t es t  

47 i n Be l l o t t i  et  al .  ( 1979)  was  c o r r e c t e d  i n o r 

de r  t o a c c o u n t  f o r  t he  s e l f - we i g h t  c o mp o n e n t  at  a 

d e p t h  of  0 . 75  m wh i c h  was  a bou t  18 p e r c e n t  of  t he  

a p p l i e d  v e r t i c a l  s t r es s .
The r e s u l t s  s hown  i n Fi g u r e  6 i n d i c a t e  t ha t  t he  

s ame r e l a t i o n s h i p s  a p p e a r  t o ho l d  f o r  bo t h  n o r ma l 

l y and o v e r - c o n s o l i d a t e d  s amp l e s .  Th i s  l eads  t he  

a u t h o r  t o b e l i e v e  t ha t  t he  e f f e c t s  of  f a b r i c  and 

s t r es s  h i s t o r y  mus t  be a c c o u n t e d  f o r  a d e q u a t e l y  

when  a s s e s s i n g  t he  mean  s t r es s  s t a t e  of  t he  u n d i s 

t u r b e d  me d i u m i n o r d e r  t o o b t a i n  t he  ac t ua l  v a l ue  

of  t he  i n - s i t u  s t a t e  p a r a me t e r .
The f ac t  t h a t  g ood  c o r r e l a t i o n s  we r e  o b t a i n e d  i n 

t e r ms  of  n o r ma l i z e d  s t a t e  p a r a me t e r  and  DMT dat a  

po i n t s  ou t  t ha t  s and  c o mp r e s s i b i l i t y  i s of  u t mo s t  

i mp o r t a n c e  s i nc e  i t  c o n t r o l s  t he  v a l u e  of  ii \ . I g 

n o r i n g  i t s  e f f e c t  may  e x p l a i n  t he  p o o r  c o r r e l a t i -  

i ons  o b t a i n e d  b e t we e n  KD and r e l a t i v e  d e n s i t y .

5 SUGGESTED USE OF DMT

Po t e n t i a l  u s e r s  of  t he  f l a t  p l a t e  d i l a t o me t e r  

s h o u l d  be a wa r e  t ha t  mo s t  of  t he  e mp i r i c a l  c o r r e 
l a t i ons  d e v e l o p e d  so f a r  do not  t a k e  i n t o  a c c o u n t  

t he  c o mp r e s s i b i l i t y  of  t he  s ands .  For  i ns t anc e ,  

t he  r e l a t i o n s h i p  M v e r s u s  ( I D> ED) p r o p o s e d  by

Ma r c h e t t i  ( 1980)  t o o b t a i n  t he  c o n s t r a i n t  mo d u l u s  

of  u n d i s t u r b e d  s and f r o m t h e  DMT mo d u l u s  ( d i s t u r 
bed c o n d i t i o n )  i s on l y  r e l a t e d  t o s t r e s s  c h a n g e  

( v i a K d ) and t he  c o mp r e s s i b i l i t y  of  t he  s and,  i . e.

t he  s l ope  of  t he  s t e a d y  s t a t e  l i ne,  i s i gno r ed .

As  d i s c u s s e d  by  Ko n r a d  ( 1988) ,  t he  l a r ge  s c a t t e r  

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

by  d i f f e r e n c e s  i n t he  v a l u e  of  t he  i n i t i a l  and f i 
nal  s t a t e  p a r a me t e r ,  wh i c h  i n t u r n  d e p e n d  on s oi l  

t y pe.
An a l t e r n a t i v e  a p p r o a c h  i s t o us e  t he  i n f e r r ed  

v a l u e  of  t he  n o r ma l i z e d  i n - s i t u  s t a t e  f r o m DMT 
f i e l d  da t a  c o mb i n e d  wi t h  t he  c o r r e l a t i o n s  p r e s e n 

t ed  i n Fi g u r e  6.  I t  s h o u l d  be s t r e s s e d  t ha t  t he 
us e of  n o r ma l i z e d  s t a t e  p a r a me t e r  does  no t  r e q u i r e  

a p r i o r  k n o wl e d g e  of  t he  ac t ua l  s t e a d y  s t a t e  l i ne  
of  t he s oi l  u n d e r  i n v e s t i g a t i o n .  Ma x i mu m and mi 

n i mu m d e n s i t i e s ,  h o we v e r ,  a l l o w t o b a c k - c a l c u l a t e  

t he  ac t ua l  s t a t e  p a r a me t e r ,  , wh i c h  c an be us ed

t o d e t e r mi n e  r e q u i r e d  e n g i n e e r i n g  p r o p e r t i e s  f r o m 

r e l e v a n t  l a b o r a t o r y  t es t s  c o n d u c t e d  on s a mp l e s  at  

t he  s ame s t a t e .  Th i s  p r o c e d u r e  doe s  no t  r e p r o d u c e  

i n - s i t u  f ab r i c .

Fi n a l l y ,  i t  i s r e c o mme n d e d  t o us e  t h e  DMT i n 

c o n j u n c t i o n  wi t h  o t h e r  i n - s i t u  d e v i c e s ,  s uc h  as

kd

Fi g u r e  6.  Re l a t i o n s h i p  b e t we e n  n o r ma l i z e d  s t a t e  
p a r a me t e r  and DMT h o r i z o n t a l  s t r e s s  i ndex .

t he  p i e z o - c o n e ,  t he  p r e s s u r e me t e r ,  or  t he  p l a t e  

b e a r i n g  t es t  and  t o d e v e l o p  s i t e  s p e c i f i c  c o r r e l a 

t i ons  r a t h e r  t ha n  mo r e  g e n e r a l  ones .

6 CONCL USI ONS

I t  i s s u g g e s t e d  t ha t  i n t e r p r e t a t i o n  of  DMT t es t s  

i n s ands  s ho u l d  be d o n e  i n t e r ms  of  n o r ma l i z e d  

s t a t e  p a r a me t e r  wh i c h  i s d e f i n e d  as t he  r a t i o  of  
s t a t e  p a r a me t e r  and t he  q u a n t i t y  ( er aax -  e mi n ) .

The e x p a n s i o n  p r e s s u r e  i s d e p e n d e n t  upon  t he  

n o r ma l i z e d  s t a t e  p a r a me t e r  and t he  s t r e s s  s t a t e .

I t  i s p r o p o s e d  t o c o r r e l a t e  t he  n o r ma l i z e d  s t a t e  

p a r a me t e r  of  t he  u n d i s t u r b e d  s and d e p o s i t  t o t he  

h o r i z o n t a l  s t r e s s  i ndex ,  Kp and t he  me a n  e f f e c 
t i v e  s t r es s .

Onc e  t he  i n - s i t u  s t a t e  i s k nown ,  e n g i n e e r i n g  

p r o p e r t i e s  s h o u l d  be o b t a i n e d  f r o m e x i s t i n g  c o r 

r e l a t i o n s  e x p r e s s e d  i n t e r ms  of  t he  s t a t e  p a r a 
me t e r  .
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