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SUMMARY* The p a p e r  d e a ls  w i th  th e  s p e c i f i c  p h y s ic  o m e c h a n ic a l p r o p e r t i e s  o f  s a l i n e  s o i l s  

-in a r i d  and  s e m ia r id  r e g io n s  ( S e c . I )  an d  o f  c la y e y  w a t e r - s a t u r a t e d  s a l in e  s o i l s  ( S e c . I I ) .  

C h a r a c t e r is t i c s  a r e  g iv e n  f o r  f i v e  c a t e g o r ie s  o f  s a l i n e  s o i l s  c l a s s i f i e d  a c c o r d in g  t o  

t h e i r  g r a n u lo m e t r ic  c o m p o s it io n .  F e a tu r e s  o f  t h e  d e fo r m a t io n  o f  s a l in e  s o i l s  w i t h  t im e  upon  

w e t t in g  th e  s o i l  b a s e  a re  d is c u s s e d . Law s a r e  s e t  f o r t h  f o r  th e  ch a n g e s  in  th e  p r o p e r t i e s  

o f  s a l in e  s o i l s  i n  th e  le a c h in g  p ro c e s s  d e p e n d in g  on th e  q u a n t i t a t i v e  c o n te n t  an d  q u a l i t a 
t i v e  c o m p o s it io n  o f  th e  s a l t s .  P r o p o s a ls  a re  made f o r  s ta n d a r d iz in g  and  s tu d y in g  th e  

p r o p e r t ie s  o f  s a l i n e  s o i l s  u n d e r  f i e l d  an d  l a b o r a t o r y  c o n d i t io n s ,a n d  a ls o  f o r  c a r r y in g  

o u t m easu res  t h a t  e n s u re  n o rm a l m a in te n a n c e  o f  s t r u c t u r e s  e r e c t e d  on s a l i n e  s o i l s .

S a l in e  s o i l s  p o s s e ss  c e r t a i n  s p e c i f i c  p r o 
p e r t i e s  w h ic h  v a r y  w i t h  t im e  i n  th e  le a c h 
in g  p ro c e s s  ( le a d in g  t o  d e s a l i n a t i o n )  u n d e r  

th e  a c t io n  o f  lo a d s  f ro m  s t r u c t u r e s ,  h y d ro 
l o g i c ,  c l i m a t i c  and  o th e r  f a c t o r s  p r e v a le n t  

i n  t h e  a t i l i z a t i o n  o f  h i t h e r t o  v a c a n t  t e r 
r i t o r i e s .  U n t i l  r e c e n t  y e a r s  th e  p r o p e r t ie s  

o f  s a l i n e  s o i l s  and p ro b le m s  a r i s i n g  i n  t h e  

e r e c t io n  o f  s t r u c t u r e s  on such s o i l s  h av e  

n o t  b ee n  s u f f i c i e n t l y  in v e s t i g a t e d .  T h e re  

a r e  p r a c t i c a l l y  no s ta n d a r d iz e d  c l a s s i f i c a 
t i o n  and g e n e r a l l y  a c c e p te d  m etho d s  f o r  

d e te r m in in g  t h e  b a s ic  p h y s ic o c h e m ic a l and  

s t r u c t u r a l - m e c h a n ic a l  c h a r a c t e r i s t i c s  o f  

s a l in e  s o i l s .

An a n a ly s is  o f  t h e  s p e c ia l  l i t e r a t u r e ,  con
d u c te d  r e s e a r c h  and e x p e r ie n c e  g a in e d  i n  

t h e  m a in te n a n c e  o f  b u i ld in g s  and s t r u c t u r e ^  

l e d  to  th e  p r o p o s a l to  d iv i d e  s a l in e  s o i l s  

i n t o  f i v e  c a te g o r ie s  d e p e n d in g  on t h e i r  

g r a n u lo m e t r ic  c o m p o s it io n :  h a l f - r o c k ,  

c o a r s e - f r a g m e n t a l ,  sandy, c la y e y  s o i l s  

(s a n d y  lo a m  and lo a m ) ,  and c la y s .  T hese  

c a te g o r ie s  can  be  th e  b a s is  f o r  a  f u r t h e r  

c l a s s i f i c a t i o n  o f  s a l in e  s o i l s  w i t h  r e s 
p e c t  t o  th e  g e n e s is ,  s t r u c t u r e ,  q u a n t i t a t i 
v e  c o n te n t  and q u a l i t a t i v e  c o m p o s it io n  o f  

th e  s a l t s  (B e z r u k ,  1 9 5 7 ) .

T h is  p a p e r  d e a ls  w i t h  t h e  f e a t u r e s  o f  

s a l in e  s o i l s  ( c o n t a in in g  r e a d i l y  and  

m o d e r a te ly  s o lu b le  s a l t s )  i n  a r i d  and  

s e m ia r id  r e g io n s  i n  w h ic h  th e  s o i l s  a r e  

a i r - d r y  i n  n a t u r a l  o c c u rre n c e  ( S e c * I  by  

M ik h e e v  and F e t r u k h in )  and o f  c la y e y  w a t e r -  

s a tu r a t e d  s o i l s  ( S e c . I I  by K r o n ik ) .

I .  A f e a t u r e  o f  t e r r i t o r y  fo rm e d  o f  s a l in e

s o i l s  i n  h o t  an d  d r y  r e g io n s  i s  th e  lo w  

n a t u r a l  g ro u n d -w a te r  l e v e l .  I n  t h e  con
s t r u c t i o n  an d  s u b s e q u e n t u t i l i z a t i o n  o f  

b u i ld in g s  and s t r u c t u r e s ,  th e  s o i l  s t r a t a  

a r e  i n t e n s i v e l y  w a te r e d  and  th e  p ro c e s s  

o f  lo n g - te r m  f i l t r a t i o n  (s e e p a g e )  o f  s o lu 
t i o n s  b e g in s  th r o u g h  t h e  s o i l .  As a  r e s u l t ,  

th e  s a l t  c o m p le x  i s  le a c h e d  o u t ,  H ie  

p h y s ic o -c h e m ic a l  and s t r u c tu r a l . -m e c h a n io a l  
p r o p e r t i e s  o f  s o i l s  c o n t a in in g  s o lu b le  

s a l t s  a r e  c h a n g e d , w i t h  s im u lta n e o u s  

d e v e lo p m e n t o f  s u f f o s io n  d e fo r m a t io n  Sa  

w h ic h  q u a l i t a t i v e l y  d i f f e r s  f ro m  c o m p a c tio n  

s e t t le m e n t  c a u s e d  b y  lo a d s  i n  o r d in a r y  

s o i l s  and s u b s id e n c e  due t o  t h e  w e t t in g  o f  

s u b s id in g  s o i l s .

The m a in  f e a t u r e s  and  p r o p e r t i e s ,  d e te r m in 
in g  th e  c a t e g o r ie s  o f  s a l i n e  s o i l s  u se d  

i n  i n d u s t r i a l  and c i v i l  c o n s t r u c t io n  i n  a r id  

and s e m ia r id  r e g io n s ,  a r e  l i s t e d  i n  

T a b le  I .

The p r o p e r t i e s  o f  s a l in e  c o a r s e - f r a g m e n ta l  
s o i l s  v a r y  i n  w id e  ra n g e s :  u n i t  w e ig h t  

p  = 1 .7  to  2 .1  g /c a i^ r c o e f f i c i e n t  o f  p e r 
m e a b i l i t y  k  a 0 . 0 ? ' i o  10 m /d a y  (s o m e tim e s  

fro m  3 0  to  7 0  m /d a y )  and  th e  m o d u lus  o f  

l i n e a r  d e fo r m a t io n  fro m  S -  10 0  to  1000  

k g /q a  ( i n  th e  a i r - d r y  s t a t e ) .  £ s p e r im e n ts  

c o n d u c te d  on g r u s s - d e t r i t u s  s a l i n e  s o i l s  

( s a l i n i t y  C < 5 i )  w i t h  t e s t  lo a d s  showed

S in c e  s a l in e  c la y s  u s u a l l y  s w e l l  upon  

b e in g  w a te r e d ,  and h ave  no s u f f o s io n  

s e t t le m e n t ,  t h i s  c a te g o r y  o f  s o i l s  i s  n o t  

d e a l t  w i t h  i n  S e c . I  o r  t h i s  p a p e r .
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( P i g . 1 )  t h a t  upon  w e t t in g  th e  b as e  u n d e r  

th e  t e a t  p l a t e s  ( a t  c o n s ta n t  p r e s s u r e

P »  5 k g /c m 2 ) ,  an  a d d i t i o n a l  s e t t le m e n t  

S - o f  tb s  s o i l  i s  o b s e r v e d .  I n  t e s t  I I  th e

s e t t le m e n t  c u r v e  i s  o f  a  sm ooth  n a t u r e ;  i n  

t e s t s  11 1  and J.V, an  a b r u p t  ch an g e  i s  

o b s e r v e d .  T h is  i s  f o l lo w e d  b y  undam ped  

s e t t le m e n t  o f  th e  p l a t e .  The am ount o f  

a d d i t i o n a l  s e t t le m e n t  upon w e t t in g  i s

c o m p a ra b le  w i t h  th e  t o t a l  s e t t le m e n t  ¿>n  o f

a i r - d r y  s o i l  i n  th e  i n t e r v a l  p ( p r e s s u r e )

fro m  0  t o  5 k g /c m  .  R a p id  s e t t le m e n t  o f  

th e  p l a t e  u po n  w e t t in g  th e  s o i l  o c c u r s ,  
e v i d e n t l y ,  as  a  r e s u l t  o f  th e  d is s o l u t i o n  

o f  s a l t s  a t  th e  p o in t s  o f  c o n t a c t  o f  t h e  

f r a g m e n ts ,  s o f t e n in g  o f  th e  a r g i l l a c e o u s  

c e m e n t, and  s u b s id e n c e  o f  th e  f i l l e r .  S lo w ,  
p ro lo n g e d  s e t t le m e n t  i s  d u e , m a in ly ,  t o  

th e  le a c h in g  o u t  o f  th e  s a l t s  and c re e p  o f  

th e  f i l l e r .  The w e t t in g  o f  th e  s o i l  i n  th e  

b a s e  u n d e r  th e  t e s t i n g  p ia t e s  c o n t in u e d  

f o r  tw o w e e k s . S e t t le m e n t  was n o t  s t a b i l i 
z e d  d u r in g  t h i s  t im e .  O b s e r v a t io n s  o f  

s t r u c t u r e s  e r e c t e d  on s u c h  s o i l s ,  c a r r i e d  

o u t  f o r  many y e a r s ,  showed t n a t  w i t h i n  0 . 5  

to  1 .5  y e a r s  a f t e r  th e  g r o u n d -w a te r  l e v e l  

r i s e s ,  a  p ro c e s s  o f  i n t e n s i v e  le a c h in g  i s  

d e v e lo p e d  w i t h  th e  re m o v a l o f  gypsum and  

c o n s id e r a b le  n o n u n ifo rm  s e t t le m e n t  o f  t h e  

b u i l d i n g  o c c u rs  (M ik h e e v  and S in e ls h c h ik o v ,
1 9 7 1 ) .  O f g r e a t  s i g n i f i c a n c e  i n  t h i s  c a s e  

i s  th e  n o n u n ifo n a  d i s t r i b u t i o n  o f  t h e  

s a l t s  a lo n g  t h e  d e p th  and a r e a  o f  t h e  s i t e .

P i g . 1 .
R e s u l ts  o f  s t a t i c  lo a d  t e s t s  on  c o a r s e -  

f r a g m e n t a l  and  sand y  s a l i n e  s o i l s .  D e fo r 
m a t io n  v s  t im e  c u r v e s  (a b o v e )  and  p r e s s u r e  

v s  d e f o r m a t io n  c u r v e s  ( b e lo w ) .  I  -  s a n d ,  
p l a t e  a r e a  P = 600 cm « „ I I  — c o a r s e —f r a g 
m e n ta l  s o i l ,  F  = 6U 0 cm » and I V  -  

c o a r s e - f r a g m e n t a l  s o i l ,  P = 5 0 0 0  cm 2.

The p h y s ic o m e c h a n ic a l p r o p e r t i e s  o f  s a l i n e  

sand y  s o i l s  v a r y  i n  w id e  r a n g e s :

1 .5  to  2 . 2  g /c m 2 , e = 0 .4 5  to  0 . 9  and  

k  ^ 0 .0 5  to  10 m /d a y . The s t r e n g t h  o f  sands  

i s  h ig h  i n  t h e i r  n a t u r a l  s t a t e :  t h e  a n g le  o f  

i n t e r n a l  f r i c t i o n  ^ >30° ( u s u a l l y  3 5 °  to  4 0 ° ) ,

and th e  a n g le  o f  re p o s e  jb  = 3 3 °  to  4 0 ° . The  

m o d u lu s  o f  l i n e a r  d e fo r m a t io n  E v a r i e s  f ro m

4 0 0 -5 0 0  k g /c m 2 to  1 2 0 0 -1 5 0 0  k g /c m 2 . When 

w e t t e d ,  th e  s t r e n g t h  and d e f o r m a t iv e  p r o p e r 
t i e s  o f  s a l i n e  sand s  a r e  s h a r p ly  c h a n g e d .
The r e d u c t io n  i n  '-f re a c h e s  25% , t h a t  i n  Jb 

re a c h e s  30% and  E i s  re d u c e d  by 50 to  67% , 
and  som e tim e s  by 7 5  to  80% .

P r e s e n te d  i n  P ig .  1 i s  a  c h a r a c t e r i s t i c  

c u r v e  ( I )  o f  th e  r e s u l t s  o f  t e s t s  c o n d u c te d  

on s a l i n e  w e a k ly  ce m e n te d  d u s t - l i k e  sand  

(C  = 1 % ) .  I n  th e  a i r - d r y  s t a t e ,  th e  sand i s  

o n ly  s l i g h t l y  c o m p r e s s ib le  ( E = 6 0 0  k g / c n r ) .  

A f t e r  w e t t in g  t h i s  sand  f o r  one d a y , s h a r p ly  

d e f in e d  s e t t le m e n t  ( " s u b s id e n c e " )  o f  th e  

p l a t e  o c c u r s .  The v a lu e s  Sw f r e q u e n t l y

e x c e e d s  Sn i n  th e  i n t e r v a l  o f  p f ro m  0  to

5 k g /c m  .  C o n s o l id a t io n  ( l a t e r a l l y  c o n f in e d
c o m p re s s io n )  t e s t s  show t h a t  th e  q u a n t i t y
S„ f o r  s a l i n e  s a n d s  may a ls o  be e q u a l to  
s

and  s o m e tim e s  e x c e e d  th e  am ount o f  " s u b s i 
d e n c e " .

Com m only, i n t e n s i v e  " s u b s id e n c e "  i n  s a l i n e  

s a n e s  o c c u rs  w i t h i n  th e  l i m i t s  o f  t h e  a c t in g
2

p r e s s u r e s  3 "to 5 k g /c m  and end s  d u r in g  o ne  

d a y  ( 2 4  h o u r s ) .  The am ount o f  t h e  r e l a t i v e  

" s u b s id e n e y "  re a c h e s  0 .0 4  o r  0 . 0 5 .  A 

c h a r a c t e r i s t i c  f e a t u r e s  o f  " s u b s id in g "  

s an d s  a r e  t h e i r  s a l i n i t y ,  s u r p lu s  p o r o s i t y ,  

and  th e  p re s e n c e  o f  a  c o n s id e r a b le  am ount o f  

d u s t - l i k e  p a r t i c l e s .  I n  many c a s e s  ( e s p e c i 
a l l y  a t  p < 2  o r  3  k g /c m 2 ) no  " s u b s id e n c e "  

o c c u r s ,  and  lo n g - t e r m  s u f f o s io n  s e t t le m e n t  

i s  o b s e r v e d .  S u f fo s io n  s e t t l a o a n t  o f  s a l i n e  

san d s  o c c u rs  a t  C > 0 .5%  and  may r e a c h  sub
s t a n t i a l  v a lu e s  a t  C > 1  o r  2%.

P i e l d  and  l a b o r a t o r y  i n v e s t i g a t io n s  o f  s a l i 
n e  c la y e y  s o i l s  e s t a b l is h e d  ( K i r i l o v  and  

P r o io v ,  1 9 6 3 ;  R u b e n s te d n , 1 9 6 0 )  t h a t  s u f f o 
s io n  s e t t le m e n t  S„ o e o u rs  i n  b o t h  s u b s id in g

and  n o n s u b s id in g  lo a m s  and  s a n d y  lo a m s . The  

am ount o f  s u f f o s io n  s e t t le m e n t  may r e a c h  6 

o r  8% i n  lo e s s  s o i l s  and  20% o r  m ore i n  

o r d in a r y  h ig h  g y p s u m -c o n te n t  lo am s  and  sancfy 

lo a m s .
The c l a s s i f i c a t i o n s  o f  s a l i n e  s o i l s ,  e x i s t 
i n g  a t  th e  p r e s e n t  t im e  and b a s e d  on  th e  

q u a n t i t a t i v e  c o n te n t  o f  s a l t s ,  r e q u i r e  

r e f in e m e n t  w i t h  r e s p e c t  to  th e  i n f l u e n c e  o f  

t h e  s a l t  c o m p le x  on  th e  b e h a v io u r  o f  th e  

s o i l s  i n  th e  b a s e a  o f  i n d u s t r i a l  and  c i v i l  

s t r u c t u r e s .  The lo w e r  l i m i t  o f  s a l t  c o n te n t  

i n  th e s e  c l a s s i f i c a t i o n s  i s  t a k e n  fro m  0 . 3  

to  0 .5 % . H o w e v e r, i n v e s t i g a t i o n s  (L o m iz e ,  
1 9 6 1 )  show t h a t  s u f f o s io n  s e t t le m e n t  i s  

o b s e rv e d  i n  l o e s s i a l  s o i l s  b e g in n in g  w i t h  a  

c o n te n t  o f  r e a d i l y  s o lu b le  s a l t s  e q u a l t o
0 ,2 %  o r  o f  gypsum e q u a l t o  1%. On t h e  o t h e r  

h a n d , i n  n o n s u b s id in g  lo a m s  and san d y  lo a m s ,  
s u f f o s io n  s e t t le m e n t  may o c c u r  when th e  c o n -

134

ass/



4/ 22

C r i t e r i o n  f o r  _________
name c l a s s i f i c a t i o n  R e a d i ly  

as  s a l i n e  s o i l  s o lu b le  

( s a l i n i t y  C,%)  s a l t s

S a l in e  s o i l s  o f  a r i d  and s e m ia r id  r e g io n s  

l lf la tu ra l s a l i n i t y .  &

Ta b l e  I

C a t
ego
r y

G e n e s is
Gypsum

S t r u c t u r a l  C h a r a c te -  Form  

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

g r a n u lo -  i n  s o i l  

m e t r ic  

c o m p o s i-  

_______________ t i o n _________________

1 . H a l f - r o c k  

s o i l
>2 N e g l i g i b l e From  1 -2  

to  2 5 -3 0  

and e v e n  

m ore

B e d ro c k F is s u r e d ,
p o ro u s

D is p e r s e d ,
g r a i n s ,
a g g re g a 
t e s ,
fra g m e n ts »  

v e in s  and  

i n t e r c a l a 
t io n s ______

2 .  C o a r s e -  > 2  i n  th e  up to  

f r a g m e n t a l  s k e le t o n  o r  3 - 4  

s o i l  > 5  s a l t s  i n
» th e  f i l l e r
5 ( f o r  a  f i l l e r

c o n te n t  < 3ù/o)

Up to  1 0 ;  

l e s s  f re q u e o -

30 o r  m ore

P r o l u v i  Uncem en G ru s s - D is p e r s e d
a l ,  t a l u s t e d ,  w eak d e t r i - c r y s t a l -
m a t e r i a l , l y  ce m e n t t u s ; l i c ,
e l u v i a l , ed (c e m e n t: s a n d y - l e n t i c u 
m ix e d gypsum . lo a m l a r ,
t y p e s c a r b o n a te , f i l l e r in t e r b e d s
( p r o l u v i - a r g i l l a c e - up to
a l - t a l u s , oua) 2 5 -3 0 %
e t c .  ) l e s s

f r e q u e n t 
l y  4 o -
5 0 *  . .

3 • Sandy  

s o i l s
> 0 . 5 From  0 . 2 -  From  Û 2 - 0 .3  B o l ia n ,  Un cem e n te d , From  C r y a t a l -  

Ü .3  to  to  2 - 3  t a l u s  m a rw e a k ly  d u s t -  l i e ,
3 - 4 , le s s  t e r i a i ,  ce m e n te d  l i k e  d is p e r s -
f r e q u e n t -  p r o l u v i -  (c e m e n t:  to  s h e l l s
l y  to  a l , m a r i -  c a r b o n a -  g r a v e l -  o f
d -1 0  n e ,  o l d -  t e , s a l i -  l y  p a r t i c l e s

a l l u v i a l »  n e , a r g i l l a -
m ix e d  c e o u s )
ty p e s
( e o l i a n -
t a l u s ,

_____________________________________ e t c .  ) ___________________________________________

4 .  Sandy  

loam  

and  

loam

Jj O e s 
s i  a l

> 0 . 2  re a d i
l y  s o lu b le  

o r  > 1  g yp 
sum
( a t  n =4Q%)

From  0 . 2 - S o l i a n , C o a g u la - From
0 . 3  to aqu eo u s t  i o n - d u s t 
2 - 3 , le s s d e p o s i t s , c r y s t a l  l i  l i k e
f r e q u e n t  a c t i v i t y z a t io n s a n a s
l y  to o f  w e a th  s t r u c t u r e to  l o -
4 -5 e r in g  and  

s o i l  f o r 
m a t io n  

p ro c e s s e s

e a e ia l  

c l a y ;  

p re d o 
m in a n 
ce  o f  

d u s t 
l i k e  

p a r t i c 
l e s

C r y s t a l - 
l i e

n o n -  

l o e s -  

s i a l  

( o r d i 
n a r y  )

> 5 From  0 . 2 - 0 . 3  Up to  2 0 - 4 0 ,  T a lu s  m a - Cry s t a i -
to  1 -2  

so m e tim e s  

up to  d .O -  

- 10.0

s o m e tim e s  

o v e r  40
t e r i a i ,  l i z a t i o n  

p r o l u v i a l , s t r u c t u -  

e l u v i a l ,  re  

m a r in e ,  
m ix e d

.t ypqs- _______________

I  fro m  C r y s t a l -

A o  l i c
17

t e n t  o f  w a t e r - s o lu b le  s a l t s *  r e a c h e s  >5i*>.

O f g r e a t  i n f lu e n c e  on t h e  p h y s ic o m e c h & n i-  

c a l  p r o p e r t i e s  o f  s o i l s  ( e s p e c i a l l y  w i t h  

th e  s a l t  le a c h e d  o u t )  i s  th e  p re s e n c e  o f

c a lc iu m  c a r b o n a te  j.n th e  c o n te n t  o f  th e  s a l t  

c o m p le x . T h is  p ro b le m  r e q u i r e s  a d d i t i o n a l  

i n v e s t i g a t i o n  and i s  n o t  d e a l t  w i t h  h e r e .
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When s u b s id in g  c la y e y  s o i l s  a r e  u s e d  f o r  

th e  b as e s  ( f o u n d a t io n  b e d s ) ,  m e a s u re s  a r e  

u s u a l ly  r e s o r t e d  to  t h a t  p r a c t i c a l l y  e x c lu 
de th e  p o s s i b i l i t y  t h a t  s u f f o e io n  s e t t l e 
m en t may d e v e lo p .  I n  t h i s  c o n n e c t io n ,  a t t e n 
t i o n  s h o u ld  be p a id  m a in ly  to  a  s tu d y  o f  

n o n s u b s id in g  s a l i n e  lo a m s  and san d y  lo a m s .  
I n  t h e i r  n a t u r a l  o c c u r r e n c e ,  th e s e  s o i l s  

a r e  f r e q u e n t l y  ce m e n te d  t o g e t h e r  so t h a t  

th e y  a r e  a s  s t r o n g  as  h a l f - r o c k  s o i l s .  

C o n s o l id a t io n  ( c o n f in e d  c o m p re s s io n )  t e s t s  

o f  s p e c im e n s  w e t te d  f o r  1 o r  2 d a y s  y i e l d  

r e s u l t s  w h ic h  do n o t  p r a c t i c a l l y  d i f f e r  

f ro m  th o s e  o f  t e s t s  i n  th e  a i r - d r y  s t a t e .
I n  e x p e r im e n ts  w i t h  th e  s p e c im e n s  s u b je c te d  

to  lo n g - t e r m  p e r c o l a t i o n ,  s u f f o s io n  s e t t l e 
m ent d e v e lo p s  ( a t  C > 7  to  10$ )  and th e  

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

X I .  The p r o p e r t i e s  o f  s a l i n e  w a t e r - s a t u r a t 
ed c la y e y  s o i l s ,  fo u n d  o u t s id e  o f  r e g io n s  

w i t h  an  a r i d  c l i m a t e ,  a r e  d ue  b o th  to  th e  

p h y s ic o c h e m ic a l  n a t u r e  o f  t h e  I n t e r a c t i o n  

o f  th e  s a l t s  w i t h  t h e  c la y e y  p a r t i c l e s «  and  

to  t h e  g e n e s is ,  m in e r a l  c o m p o s it io n ,  th e  

k in d  and  r a t i o  o f  t h e  s a l t  io n s  c o n ta in e d  

i n  th e  s o i l ,  t h e  c o m p o s it io n , o f  th e  e x c h a n 

ge c o m p le x  and  o t h e r  f e a t u r e s .  W i t h . r e s p e c t  

to  t h e i r  s a l i n i t y ,  c la y e y  s o i l s  can  be  

c l a s s i f i e d  i n  a c c o rd a n c e  w i t h  T a b le  I I .

S a l in e  c la y e y

(C _ _ 4  0 .0 5  g /c m ^ ) a  c o a g u la t io n  o f  c la y e y  

P °
p a r t i c l e s  i s  o b s e rv e d  i n  s o i l s  ( f i g . 2 a )  

w i t h  a  d is p e r s io n  o f  sandy p a r t i c l e s  and  

a  s im u lta n e o u s  a c c u m u la t io n  o f  d u s t  f r a c 
t i o n s .  D is p e r s io n ,  h o w e v e r, e x c e e d s  a g g re 
g a t i o n ,  e s p e c i a l l y  i f  N a C l p re d o m in a te s  i n  

th e  p o re  s o l u t i o n .  A t  t h i s ,  th e  s t r e n g t h  

and p l a s t i c  l i m i t  o f  t h e  s o i l  a r e  in c r e a s e d  

th e  v a lu e  o f  k  i s  re d u c e d  ( f i g s . 2 b  and  

A t  £L_ n e a r  to  n o rm a l c o n c e n t r a t io n ,

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

and
3 ) .

pa
t h e  d is p e r s e  s t r u c t u r e  a c q u ir e s  maximum  

s t r e n g t h  ( f i g . 3) .

T h is  c o n c e n t r a t io n  h as  b ee n  c a l l e d  th e  

a g g r e g a t io n  t h r e s h o ld  ( o r  d is p e r s io n  l i m i t )  

C f o r  c la y e y  p a r t i c l e s .  Any in c r e a s e  i n  
&

CpS le a d s  to  th e  p re d o m in a n c e  o f  c o a g u la 

t i o n  p r o c e s s e s ,  and th e  c o a g u la te d  c la y e y  

and c o l l o i d a l  p a r t i c l e s  fo r m  th e  p r im a r y  

m ic r o a g g r e g a te s ,  w h ic h , upon  a  f u r t h e r  

in c r e a s e  i n  c o n c e n t r a t io n ,  a r e  u n i t e d  i n t o  

m a c r o a g g r e g a te s .  I n  th e  ra n g e  o f  m edium  

c o n c e n t r a t io n s  = ° * ° 5  ° » 2 5  g /c m 3 )

a  d y n a m ic  e q u i l i b r iu m  i s  o b s e rv e d  b e tw e e n  

t h e  p r o c e s s e s  o f  c o a g u la t io n  and d is p e r s io n  

i n  th e  s o i l .  A t h ig h  c o n c e n t r a t io n  o f  th e
t a b l e  I I

s o i l s

So .  D e g re e  o f S a l i n i t y F o rp  o f  s a l t s ,  i n  s o i l P r e d o m in a n t  k in d
s a l i n i t y C,% E e a d i ly  s o lu b le  M o d e r a te ly  s o lu b le o f  s o i l  s t r u c t u r e

1. W eafely s a 
l i n e

0 .2 5  to  0 .5 0 I n  t h e  p o r e  s o lu t io n M a p e r a lo n  and  c o a g u la t io n

2. M o d e r a ta ly
s a l i n e

0 . 5  to  fi I n  p o r e  s o l u t i o n  I n  p o r e  s o l u t i o n  and  C o a g u la te d  and  c o a g u la -  

c r v a t a l l i n e  fo r m  te d -c o n d e n s e d

3 . H ig h ly
s a l i n e

2 to  5 I n  s a t u r a t e d  p o rB  s o l u t i o n  and  

i n  c r y s t a l l i n e  fp r m
C o a g u la te d -ö o n d e n s e d  

and  e n y a t a l ib i z a t io n

4 . E x c e s s iv e ly
s a l i n e

> 5
Tn I n  s a t u r a t e d  
i n  s a t u r a t e d  __ n. . x j  __  

p o r e  s o l u t i o n  p a r e  a o lu t io n , ,

L id  l a  c r3r M . U l -  S S i S S ’ j ! * * *

C r y s t a l l i z a t i o n  an d
c o a g u l a t i o n - c r y s t a i l i -
z a t i o n .

I t  h as  b een  shown t o  be e x p e d ie n t  to  t a k e  

th e  f o l l o w i n g  i n d ic e s  as  th e  p r i n c i p a l  p h y 
s i c a l  c h a r a c t e r i s t i c s  o f  s a l in e  s o i l s  

( K r o n ik ,  1 9 7 0 ;  T s y t o v ic h ,  e t  a l ,  1 9 6 8 ) :
Ĵ B a i -  u n i t  w e ig h t  o f  th e  s o i l ,  Gg a l  -  spe

c i f i c  g r a v i t y  o f  t h e  s o l i d  p a r t i c l e s ,
-  u n i t  w e ig h t  o f  th e  c r y s t a l l i n e  s a l t ,

ws a ^ -  * a t e r  c o n t e n t  by w e ig h t ,  C -  s a l i n i -

t y ,  WQV -  m o is tu r e  c o n t e n t ,  c o r r e s p o n d in g

to  th e  n o n d is s o lv in g  vo lu m e  o f  p o r e  (g r o u n d )  

m o is t u r e ,  and p -  w e ig h t  c o n te n t  o f  c o a r s e -  

f r a g m e n t a l  p a r t i c l e s  (w hen t h e r e  a r e  o v e r  

1 0 %). I f  i t  i s  f e a s i b l e  to  d e te r m in e  t h e  

c o n c e n t r a t io n  C__ o f  th e  p o r e  s o l u t i o n

w i t h o u t  m a k in g  a  c h e m ic a l a n a l y s i s  o f  th e  

s a l t  ( f o r  e x a m p le , b y  m eans o f  a  S a lin o m e 
t e r ) ,  t h i s  may s e rv e  a s  th e  b a s ic  c h a r a c 
t e r i s t i c  o f  th e  s a l t  c o n t e n t .

1
p o r e  s o l u t i o n  (C  >  0 .2 5  g /c m  ) ,  w hen a  

P -
s t a t e  o f  c o m p le te  s a t u r a t i o n  i s  re a c h e d  f o r  

c e r t a i n  k in d s  o f  s a l t s ,  an  i n t e n s i v e  

a g g r e g a t io n  o f  t h e  s o i l  p a r t i c l e s  i s  o b s e rv 
e d . t h i s  le a d s  t o  a  c o n s id e r a b le  r e d u c t io n  

i n  th e  p l a s t i c  l i m i t s  ( f i g . 2b )  and  s t r e n g t h  

( F i g . 3 ) ‘.  I n  a d d i t i o n ,  th e  a d s o r p t iv e  and  

w a te r -a b s o r b in g  c a p a c i t i e s  a r e  in c r e a s e d ,  
a s  w e l l  as  th e  c o m p r e s s i b i l i t y .  I n  th e  

p ro c e s s  o f  le a c h in g  o u t  th e  s a l t s ,  th e  

c o e f f i c i e n t  o f  p e r m e a b i l i t y  o f  c la y e y  s o i l s  

( w i t h  a  p re d o m in a n c e  o f  th e  c h lo r id e  ty p e  

o f  s a l i n a t i o n  and m o n o v a le n t  c a t i o n s ) i s  

re d u c e d  to  1/ 700 o f  i t s  p r e v io u s  v a lu e  f o r  

th e  m e d iu m - an d  lo w - d e n s i t y  s o i l s  b e in g  

i n v e s t i g a t e d ,  down to  c o m p le te  c e s s a t io n  o f  

p e r c o l a t i o n  i n  o v e rc o m p a c te d  c la y e y  s o i l s .  

Upon p e r c o l a t i o n  i n  h ig h ly  o r  e x c e s s iv e ly  

s a l i n e  s o i l s ,  c o n t a in in g  s a l t s  w i t h  m u l t i -  

v a l e n t  c a t io n s ,  a  c e r t a i n  in c r e a s e  i n  k  may 

be o b s e rv e d  a f t e r  le a c h in g .
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A ch an g e  i d  t h e  w a te r  c o n te n t  le a d s  to  a  

o o r re s p o n d in g  chan ge  i n  th e  c o n c e n t r a t io n  

o f  th e  p o r e  s o lu t io n  and  i n  th e  r a t i o  o f  

th e  f r e e  p o re  s o l u t i o n  t o  th e  n o n d is s o lv in g  

v o lu m e  o f  p o re  m o is tu r e .  T h is  p re d e te rm in e s  

th e  p ro c e s s e s  d e s c r ib e d  ab o ve  o f  m ic r o -  

s t r u c t u r i z a t i o n  i n  c la y e y  and th e  fo r m a 
t i o n  o f  c o a g u la t iv e  s t r u c t u r e s  (¿ te b in d e r ,  
1 9 5 6 ) .  An in c r e a s e  i n  s o i l  d e n s i t y  

a c c e le r a t e s  th e  f o r m a t io n  o f  c o a g u la t iv e  

and c r y s t a l l i z a t i o n  s t r u c t u r e s .  I n  a  

d e n s i t y  r a n g e ,  0 . 9 8  to  1.03 o f  th e  maximum  

s ta n d a r d  d e n s i t y ,  i n t e n s i v e  f o r m a t io n  o f  

c o a g u la te a -c o n d e n e e d  and p a r t l y  c e m e n ta 
t i o n  o r  c r y s t a l l i z a t i o n  s t r u c t u r e s  b e g in s .

0 0 .0 5 0.15 0.25
(a )

0 .3 5

Wt =25,6%

0.10 Cg.g/ca30.20 0.30 
0>)

P i g . 2 .

D epen den ce  o f  th e  c la y e y  p a r t i c l e  c o n te n t  

Mc ( a )  and p l a s t i c i t y  i n d ic e s  w ^ , Wp and I p

( b )  on  th e  c o n c e n t r a t io n  C_ o f  s o lu t io n s
O

o f  N a C l and  C a C l2 in t r o d u c e d  i n t o  lo a m y  

s o i l .

T h is  le a d s  to  a  s h a rp  g ro w th  i n  s t r e n g t h  

o f  th e  s a l i n e  s o i l s  upon  f u r t h e r  c o m p a c tio n *  

F o r  t h i s  r e a s o n ,  o v e r c o m p a c tio n  o f  s a l i n e  

c la y e y  s o i l s  o v e r  1.03 o f  th e  maximum  

s ta n d a r d  d e n s i t y  i s  one o f  th e  m eth o d s  o f  

s t r e n g th e n in g  th e m .

F i g . 3*
D ep en d en ce  o f  th e  s h e a r  s t r e n g t h  o f  s a l in e  

lo a m  on  t h e  c o n e e n t r a t io n  C^B o f  th e

p o r e  s o l u t i o n  and  t h e  s a l i n i t y  C . 
a  -  so d iu m  c h lo r id e  s a l i n a t i o n  

b -  c a lc iu m  c h lo r id e  s a l i n a t i o n .

The c h a r a c t e r  and th e  r a t e  o f  d e s a l i n a t i o n ,  

o r  le a c h in g ,  i s  d e te r m in e d  by t h r e e  b a s ic  

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

d e s a l i n a t i o n  and  d e s a l i n a t i o n  by th e  a c t io n  

o f  c l i m a t i c  f a c t o r s  -  u n d e r  th e  i n f lu e n c e  

o f  a  te m p e r a tu r e  ch an g e  i n  th e  s o i l s  a n d , 
e s p e c i a l l y ,  upon  m u l t i p l e  f r e e z i n g  and  

th a w in g .  F o r  p r a c t i c a l l y  c o m p le te  d e s a l in a 
t i o n  o f  s a l i n e  s o i l s  i t  i s  n e c e s s a r y  t o  

p e r c o la t e  th r o u g h  th e  s o i l  an  am ount o f  

w a te r  a t  l e a s t  2 to  4 v o lu m e s  o f  t h e  p o r e  

s o l u t i o n  ( V e r i g i n  and  O ra d o v s k a y a , 1 9 6 0 ;  

K r o n ik ,  1 9 7 0 ) .  The t im e  t d r e q u i r e d  f o r

d e s a l i n a t i o n  o f  a  l a y e r  o f  s o i l  o f  a  t h i c k 
n e s s  1 upon  o n e -d im e n s io n a l  p e r c o l a t i o n  

w i t h  a  g r a d ie n t  i  and c o e f f i c i e n t  o f  p e r 
m e a b i l i t y  k  can  be d e te r m in e d  b y  th e  f o l l o w *  

in g  p ro p o s e d  fo r m u la

t d » 0 , 0 2  £ s s a l ( WB a l ~ ^ y )

i f .  1 *

w h e re  ¡f8B ai  i s  t i le  u n i t  w e ig h t  o f  s o l i d

p a r t i c l e s  o f  th e  s a l i n e  s o i l .
F o r  d e n s e  c la y e y  s o i l s  th e  m a in  p ro c e s s  

p r o v id in g  f o r  d e s a l i n a t i o n  i s  t h e  d i f f u s i v e  

re m o v a l o f  s a l t s .  The a c t u a l  c r o s s - s e c t io n  

o f  th e  d i f f u s i o n  f lo w  c h a r a c t e r i z e s  th e
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d i f f u s i o n  p o r o s i t y  n a  w h ic h  c a n  be d e te r m in e d  

a p p r o x im a t e ly  b y  th e  fo r m u la

n d  = ^ * s s a l ( ws a l  “  wn v )  ( 2 )

S a l t  re m o v a l f ro m  s e a s o n a l f r e e z i n g  and  

th a w in g  o f  s o i l s  t a k e s  p la c e  o n ly  i n  t h e  

th a w in g  c y c le .  A th a w in g  t im e  o f  a t  l e a s t  

one o r  tw o  d a y s  i s  r e q u i r e d  f o r  t h i s  

p ro c e s s  to  d e v e lo p .  I n t e n s i v e  d e s a l i n a t i o n  

o f  t h e  s o i l s  p ro c e e d s  i n  t h e  f i r s t  4  o r  5 

c y lc e s  o f  f r e e z i n g  and  t h a w in g .  A f t e r  16 

c y c le s  o n ly  20 t o  27% o f  t h e  s a l t  iB  c a r r i 

ed  o u t  o f  s a l i n e  s o i l s  o f  m edium  d e n s i t y ;  

and 37 t o  42% o f  t h e  s a l t  a f t e r  4 0  c y c le s  

i n  o v e rc o m p a c te d  s o i l s .  I n  t h e  l a t t e r  c a s e ,  

th e  s a l t  re m o v e d  i n  t h e  l a s t  15 c y c le s  d o es  

n o t  e x c e e d  10%.

I I I .  C o n c lu s io n s .

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

s h o u ld  be ta k e n  i n t o  a c c o u n t i n  g e o l o g i c a l  

e n g in e e r in g  s u r v e y s ,  and  i n  th e  a e s ig n ,  
c o n s t r u c t io n  a n d  m a in te n a n c e  o f  b u i ld in g s  

an d  s t r u c t u r e s .  S a l i n e  s o i l s  s h o u ld  be c h a 
r a c t e r i z e d ,  n o t  o n ly  b y  t h e i r  q u a l i t a t i v e  

c o m p o s it io n  an d  q u a n t i t a t i v e  c o n t e n t  

o f  w a t e r - s o lu b le  s a l t s ,  b u t  by th e  d i s 
t r i b u t i o n  o f  t h e  s a l t s  i n  th e  s t r a tu m  as  

w e l l .

2 .  The f o l l o w i n g  m e a s u re s  c an  be a p p l ie d  

t o  e n s u re  n o rm a l m a in te n a n c e  o f  b u i ld in g s  

and  s t r u c t u r e s :  d e v ic e s  to  p r e v e n t  w e t t in g  

o f  t h e  b ase  ( f o u n d a t io n  b e d ; ;  in c r e a s e d  

r i g i d i t y  and  s t r e n g t h  oC s u ch  b u i ld in g s  

an d  s t r u c t u r e s ;  u se  o f  d e s ig n s  w i t h  low  

s u s c e p t i b i l i t y  t o  s e t t l e m e n t ;  t h e  a p p l i c a 
t i o n  o f  e n d - ,  o r  p o i n t - ,  b e a r in g  p i l e s ;  

o v e i'c o m p a c tin g  o f  s a l i n e  s o i l s  a b o v e  th e  

maximum s ta n d a r d  d e n s i t y ;  e t c .

3 .  S u b s e q u e n t r e s e a r c h  on  th e  p h y s ic o m e c h a -  

n i c a l  p r o p e r t i e s  o f  s a l i n e  s o i lB  s h o u ld  be  

c o n c e rn e d  w i t h  e x p e r im e n t a l  w o rk  u n d e r  

f i e l d  c o n d i t io n s  to  m e a s u re  t h e  d e fo rm a 
t i o n  o f  t h e  b a s e  u n d e r  t e s t  p la t e s  upo n  

l o n g - t e r m  p e r c o l a t i o n  an d  l a b o r a t o r y  

l a t e r a l l y  c o n f in e d  c o m p re s s io n  ( c o n s o l id a 
t i o n )  and  p e r c o l a t i o n  t e s t s  o f  s a l i n e  

s o i l s .  The m in im um  le n g t h  o f  t im e  f o r  

c o n d u c t in g  th e  t e s t s  w i t h  c o n t in u o u s  p e r 

c o l a t i o n  i s  4  o r  5 d a y s . C o m p le te  in f o r m a 
t i o n  on th e  c h a r a c t e r ' o f  d e f o r m a t io n  o f  

s a l i n e  s o i l s  i n  e r e c t i n g  im p o r t a n t  s t r u c 
t u r e s  on h i g h - s a l i n i t y  s o i l s  ( t e n t a t i v e l y
3 t o  4% f o r  c o a r s e - f r a g m e n t a l ,  1 t o  2% f o r  

sand y  and  7 to  10% f o r  o r d in a r y  s a n d y  lo a m  

and lo am y  s o i l s )  c an  be o b ta in e d  a f t e r  a  

m ore p ro lo n g e d  w e t t in g  o f  t h e  s o i l  b as e  

( a t  l e a s t  3 o r  4 m o n th s ) up t o  p r a c t i c a l  

s t a b i l i z a t i o n  o f  t h e  s e t t l e m e n t .
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