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ABSTRACT

Carbonate  s o i l s  are e x t e n s i v e l y  e n co u ntere d  on the ocean 

f l o o r  both i n  the derap sea and c o n t i n e n t a l  m arg in .  E n g in e e r in g  

b e h a v i o u r  o f  ca rb on ate  s o i l s  has been a s u b j e c t  o f  s t u d y  on ly  

i n  the r e c e n t  p a s t .  Attempts  have be^n made to  c o r r e l a t e  the 

v a r i a t i o n  in  e n g i n e e r i n g  p r o p e r t i e s  of  ca rb onate  s o i l s  w it h  quan­

t i t y  o f  ca rb onate  m a t e r i a l  p r e s e n t  p ay in g  s c a n t  a t t e n t i o n  t o  i t s  

fo rm  o f  e x i s t e n c e .  From a r e v i e w  of  l i t e r a t u r e  p e r t a i n i n g  t o  the 

e n g i n e e r i n g  b e h a v io u r  o f  submarine f i n e  g r a i n e d  carbonate  s o i l s ,  

one can d i s c e r n  t h a t  t h r e e  t y p e s  o f  b e h a v i o u r  have been e n c o u n t e r e d .

i )  Carbonate  m a t e r i a l s  are p r e s e n t  as cementing m a t e r i a l  and 

d e p o s i t s  e x h i b i t  a b e h a v i o u r  s i m i l a r  to tha t  o f  o v e r c o n s o ­

l i d a t e d  c l a y s .

i i j  Ca rbonate  m a t e r i a l s  are p r e s e n t  as i n e r t  m a t e r i a l  and

d e p o s i t s  e x h i b i t  a b e h a v i o u r  s i m i l a r  to t h a t  of  n o rm a l l y  

c o n s o l i d a t e d  c l a y s ,  

i i i )  Carbonate m a t e r i a l s  are p r e s e n t  i n  l a r g e  q u a n t i t i t e s  as 

i n e r t  m a t e r i e l  and th ese  d e p o s i t s  a l s o  e x h i b i t  o v o r c o n -  

s o l i d a t i o n  b e h a v i o u r .

These are o n l y  i n f e r e n c e s  based on i n s u f f i c i e n t  i n f o r m a t i o n  

c o n c e r n in g  m a c r o - b e h a v i o u r .  F o r  e s t a b l i s h i n g  c l e a r l y  the i n f l u e n c e  

o f  the presence  o f  c a rb on ate  m a t e r i a l  on e n g i n e e r i n g  b e h a v io u r  o f  

f i n e  g r a i n e d  s o i l ,  a l a b o r a t o r y  t e s t  programme encompassing a s t u d y  

o f  both m a c r o - p r o p e r t i e s  as w e l l  as m i c r o - s t r u c t u r e  was des igned
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V

f o r  which the* f o l l o w i n g  s o i l - s y s t e m s  were used :

i )  an u n d i s t u r b e d  f i n e  g r a i n e d  carbonate  s o i l  f rom o f f  the West

Coast  o f  I n d i a  and

i i )  l a b o r a t o r y  p re p are d  ca rb on a te  s o i l s  obtaint id  by

( a )  s e q u e n t i a l  p erm eat io n  o f  c o n s t i t u e n t  s o l u t i o n s  ( o f  c a l ­

cium c h l o r i d e  and sodium c a r b o n a t e )  i n  hand- remoulded  

specimens o f  k a o l i n i t e  t o  ach ieve  the p resence  o f  

c a lc iu m  carbonate  as cementing m a t e r i a l ?

( b )  mix in g  reag&nt grade c a lc iu m  c a rb on a te  powder w it h  

k a o l i n i t e  to a c h iev e  the  presence  o f  ca lc iu m  carb onate

as i n e r t  m a t e r i a l  i n  q u a n t i t i e s  s i m i l a r  to  those ach ieved  

i n  ( a )  above,  and

( c )  p r e c i p i t a t i n g  c a lc iu m  c a rb onate  i n  k a o l i n i t e  s l u r r y  to  

a c h i e v e  the pre sence  o f  c a lc iu m  ca rb o n a te  i n  a manner 

s i m i l a r  to  t h a t  o c c u r r i n g  i n  n a t u r e .

To determ in e  tĥ > n a t u re  o f  ca rb onate  m a t e r i a l  p re s e n t  X - r a y  

d i f f r a c t i o n  p a t t e r n s ,  g r a i n  s i z e  d i s t r i b u t i o n  c u r v e s ,  sca nn ing  

e l e c t r o n  micrograph  & /stte rberg  l i m i t s  and s h r i n k a g e  c h a r a c t e r i s t i c s  

o f  t h i s  s o i l _ s y 3 t e m  were compared w i t h  th ose  o f  t h e i r  r e s p e c t i v e  

n o n - c a r b o n a t e  components.

To determine  the e n g i n e e r i n g  b e h a v i o u r ,  p e r m e a b i l i t y  t e s t s ,  

c o n s o l i d a t i o n  t e s t s ,  van:; s h ^ a r  t e s t s ,  c o n s o l i d a t e d  d r a i n e d  d i r e c t  

shear  t e s t s ,  c o n v e n t i o n a l  c o n s o l i d a t e d  u n d r s i n e d  t r i a x i a l  compres­

s io n  t e s t s  and m u l t i - s t a g e  c o n s o l i d a t e d  u n d r a in e d  t r i a x i a l  compression



t e s t s  on the se  s o i l s  were c o n d u c t e d .  R e s u l t s  o f  t e s t s  on carbonate  

s o i l s  were compared with th ose  f rom  t e s t s  conducted on t h e i r  r e s ­

p e c t i v e  n o n - c a r  Donate components.

Th ■ i n v e s t i g a t i o n  c a r r i e d  o u t  to .^tudy t h e  n a t u r j o f  carbonate  

m a t e r i a l  shows t h a t  in  u n d i s t u r b e d  f i n e  g r a i n e d  carbonete  s o i l  

c a l c iu m  carbonate  e x i s t s  i n  l a r g e  q u a n t i t i e s  (47 -  55 p e r c e n t )  in  

the form o f  in -~rt  n o n - s k e l e t a l  n e ed le  and r o d - l i k e  p a r t i c l e s .  

S i m i l a r  p a r t i c l e s  were formed when ca lc iu m  ca rb on a te  w?s p r e c i p i ­

t a t e d  in  k a o l i n i t e  s l u r r y .  Through  s u c c e s s i v e  perm eat io n  o f  con­

s t i t u e n t  s o l u t i o n s  o n l y  s m e l l  q u a n t i t i e s  ( a b o u t  3 - 5  p e r c e n t )  o f  

c a l c iu m  carbonat e  co u ld  be d e p o s i t e d .  Even though e x i s t e n c e  o f  

such amounts co u ld  not  b -  obse rve d  in  Scanning E l e c t r o n  Micrographs 

(5ElYl ) , f r o m  the m a c r o - b e h a v i o u r  one can c o n c l u s i v e l y  i n f e r  t h a t  

c a r b o n a t e  m a t e r i a l  d id  e x i s t  as cementing m a t e r i a l .

L a b o r a t o r y  i n v e s t i g a t i o n  c a r r i e d  o u t  t o  s t u d y  tho e n g i n e e r i n g  

b e h a v i o u r  r e v e a l s  t h a t

( a )  c o n s o l i d a t i o n  and she a r  b e h a v i o u r s  o f  both u n d i s t u r b e d  f i n e ­

g r a i n e d  carbonate  s o i l  and s o i l  o b t a in e d  by p r e c i p i t a t i n g  

c a lc iu m  carbonat e  in  k a o l i n i t e  s l u r r y  are s i m i l a r .  They 

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

In  both s o i l s  p r e s e n c -  o f  i n e r t  c a rb onate  m a t e r i a l  in c r e a s e s  

the  angle o f  shi -nr inc.  r e s i s t a n c e ,  $ and p e r m e g b i l i t y  , k .

( b )  S o i l  o b t a in e d  by s u c c e s s i v e  perm eatio n o f  ca lc iu m  c h l o r i d e  

and sodium c a rb onate  s o l u t i o n s  in  k a o l i n i t e  e x h i b i t e d  a 

b e h a v i o u r ,  which i s  t o t a l l y  d i f f e r e n t  f rom th a t  observed  

a b o v e .  R e s u l ts  f rom c o n s o l i d a t i o n  t e s t s  show th a t  they

v i



e x h i b i t  q u a s i - p r e c o n s o l i d a t i o n  p r e s s u r e .  Presence o f  ca rbo ­

nate  m a t e r i a l  d ecreases  the p e r m e a b i l i t y  s i g n i f i c a n t l y .  

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

b r i t t l e  m a t e r ia l*

Through t h i s  s t u d y ,  the i n f l u o n c e  o f  form o f  e x i s t e n c e  of  

c a l c i u m  ca rb on a te  on r n g i n e e r i n g  b e h a v i o u r  has beon h i g h l i g h t e d .

Fo c u s s in g  a t t e n t i o n  on the e n g i n e e r i n g  b e h a v i o u r  o f  f i n e  

g r a i n e d  carbonat e  s o i l  f rom o f f  thy  West Coast  o f  I n d i a ,  the 

p r e s e n t  s t u d y  r e v e a l s  t h a t

( i )  the r a t i o  o f  measured to p r e d i c t e d  v a lu e  o f  p e r m e a b i l i t y  

u s in g  Kozeny-Carman e q u a t io n  i s  v e r y  s i m i l a r  to  the r a t i o  

o b t a in e d  f o r  t e r r e s t r i a l  k a o l i n i t i c  s o i l s .

( i i )  the com press ion in d e x ,  C^, i s  h i g h e r  than t h a t  p r e d i c t e d  

f o r  t e r r e s t r i a l  s o i l s  h a v in g  the same l i q u i d  l i m i t .

( i i i )  the e f f e c t i v e  angle o f  s h e a r i n g  r e s i s t a n c e ,  0, i s  found 

to  be h i g h e r  than th a t  p r e d i c t e d  us in g  the r e l a t i o n  w i t h  

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

ft r a t i o n a l i z e d  p ro ce du re  f o r  m u l t i - s t a g e  t r i a x i a l  t e s t i n g  

has been e v o lv e d  and i t s  a p p l i c a b i l i t y  i n  submarine s o i l s  has been 

v e r i f i e d .
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