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Re la tions hips  be tween Shear Stre ngth, Cons olida tion, 

Liqu id  Lim it , and Plas tic  Lim it  for  Re moulde d Clays

R e la t io n s  e n t r e  la  r é s is t a n c e  a u  c is a ille m e n t ,  la  c o n s o lid a t io n ,  la  lim it e  d e  l iq u id it é  e t  

la  lim it e  d e  p la s t ic it é  p o u r  le s  a r g ile s  r e m a n ié e s

M .  S . Y O U S S E F ,  M .s c . ,  p h . d . ,  Cairo , Egy pt  

A .  H .  E L  R A M L I ,  D . I . C . ,  m . s c . ,  P H . D . ,  Cairo , Egy pt  

M . E L  D E M E R Y ,  b . s c . ,  Cairo , Egy pt

S U M M A R Y

T h e  liq u id  lim it  o f  c la y s  fo u n d  in  th e  U . A . R .  h a s  be e n s tu d ie d . 

A  w id e  r a n g e  o f  c la y e y  s o ils  w h o s e  liq u id  lim it s  v a r ie d  f r o m  190 
t o  32  w a s  c h o s e n . T h e  s h e a r  s t r e n g th  a t  o r  v e r y  n e a r  t h e  liq u id  
lim it  w a s  m e a s u r e d  b y  a  la b o r a to r y  v a n e  a p p a r a t u s . T he s e  
s t r e n g th s  e n a b le  th e  d e t e r m in a t io n  o f  t h e  liq u id  lim it  f r o m  o n e  
te s t , t h a t  is , f r o m  o n e  w a t e r  c o n t e n t . T h e  e s t a b lis h e d  r e la t io n  
b e tw e e n  th e  u n d r a in e d  s h e a r  s t r e n g th  a n d  c o r r e s p o n d in g  c o n ­
s o lid a t io n  s e rve s  to  e s t a b lis h  the  c o r r e la t io n  b e tw e e n  th e  liq u id  
lim it  a n d  p la s t ic  lim it .  T h e  la t t e r  c a n  r e a d ily  be  o b t a in e d  by  
k n o w in g  th e  liq u id  lim it  a n d  th e  c o r r e s p o n d in g  v a n e  s t r e n g th .

S O M M A I R E

O n  a  é t u d ié  la  lim it e  d e  liq u id it é  de s  a r g ile s  t r o u v é e s  d a n s  la  
R .A .U .  U n e  g r a n d e  v a r ié t é  d e  s o ls  a r g ile u x  a  é t é  c h o is ie  d o n n a n t  
d e s  lim ite s  de  liq u id it é s  d e  19 0  à  3 2 . L a  r é s is ta n c e  à  la  lim it e  de  
liq u id it é  o u  t r è s  pr è s  d ’e lle  e s t  m e s u r é e  p a r  u n  m o u lin e t  d e  la b o r a ­
to ir e . Ce s  r é s is ta nc e s  s e r v e n t  à  d é t e r m in e r  la  lim it e  d e  liq u id it é  

d ’u n  s e u l e s s ai c o r r e s p o n d a n t  à  u n e  t e n e u r  e n  e a u .  Le s  r e la t io n s  
é t a b lie s  e n t r e  la  r é s is ta n c e  a u  c is a ille m e n t  à  t e n e u r  e n  e a u  c o n ­
s ta n te  e t  la  c o n s o lid a t io n  c o r r e s p o n d a n t e  s e r v e n t  à  é t a b lir  u n  
r a p p o r t  e n t r e  la  lim it e  d e  liq u id it é  e t  la  lim it e  d e  p la s t ic ité . C e t t e  
d e r n iè r e  p e u t  ê t r e  o b t e n u e  r a p id e m e n t  e n  c o n n a is s a n t  la  lim it e  d e  
liq u id it é  e t  la  r é s is ta n c e  a u  m o u lin e t  c o r r e s p o n d a n te .

T H E  M E A S U R E M E N T  O F  L O W  S H E A R  S T R E N G T H  o f  S a t u r a t e d  

r e m o u l d e d  c l a y s  a t  w a t e r  c o n t e n t s  n e a r  o r  a t  t h e  l i q u i d  l i m i t  

c a n  b e  d o n e  b y  m e a n s  o f  a  l a b o r a t o r y  v a n e  t e s t . T h e  s ize  o f  

t h e  v a n e  s a m p l e  t o g e t h e r  w i t h  t h e  s i z e  o f  t h e  b l a d e s  o f  t h e  

v a n e  d e t e r m i n e  t h e  p r o p e r  e v a l u a t i o n  o f  s t r e n g t h .  F o r  a

2  c m  X  1 c m  l a b o r a t o r y  v a n e  a n d  a  3 - c m  t h i c k  s a m p l e ,  t h e  

d i a m e t e r  o f  t h e  s a m p l e  s h o u l d  n o t  b e  l e s s  t h a n  7 .5  c m .  

F ig .  1.

T A B L E  I .  L O C A T I O N S  A N I )  D K S C K i m O N S  O F  S A M P L E S

w  = 1.31 

W = 0 .8 8

DIAM ETER  OF CO N TA IN ER  -  IN C H E S

1. E ffe c t  o f  t h e  d ia m e t e r  o f  t h e  c o n t a in e r  o n  the  
s h e a r in g  s t r e n g th  o f  r e m o u ld e d  c la y s .

T w e n t y - n in e  s o il s a m p le s  f r o m  v a r io u s  lo c a li t ie s  in  t h e  

U . A . R .  h a v e  b e e n  s t u d ie d  (s e e  T a b le  I ) .  T h e s e  s o ils  r a n g e d  

f r o m  c la y e y  s ilt s  ( l iq u id  l im it ,  3 2 ;  p la s t ic  l im it ,  2 4 )  t o  c la y s .

D e p t h  o f  
s a m p le

N o . L o c a li t y D e s c r ip t io n in  m

1 S h i h i n  K l- K o n i s t if f  b r o w n  c la y 3 . 8 0
2 S h i h i  n  E l- K o n i s t if f  d a r k is h  c la y 7 . 2 0
3 F a r a s k o r m e d iu m  d a r k is h  c la y 2 . 4 0
4 F a r a s k o r s o f t  d a r k  c la y 9 . 5 0
5 C a ir o s t if f  b r o w n  c la y S .  6 0
6 A le x a n d r ia s o f t  d a r k  c la y i . r ,o
7 Q in a b r o w n  c la y —

<S D a y  r o o t s o f t  d a r k  c la y 1 6 .6 0
9 D a v r o o t s o f t  d a r k  c la y 1 4 .6 0

10 T a lk  h a s o f t  d a r k  c la y 8 . 7 0
11 A im  Z c n e n ia s ilt y  c la y 2 . 5 0
12 A im  S im b e l s ilt y  b r o w n  c la y 4 . 0 0
13 A le x a n d r ia v e r y  s o f t  g r e y  c la y  w it h  

b r o k e n  s h e lls 4 . 5 0
14 Z a w y e t  G h a z a l m e d iu m  t o  s t if f  b r o w n  c la y 5 .  5 0
1Ó Z a w y e t  G h a z a l s t ilT  d a r k  c la y 7 . 6 0
10 C a ir o  w e s t s t if f  b r o w n  c la y 5 . 3 0
17 T a lk  h a s o f t  d a r k  c la y  * S .  7 0
IS P o r t  S a id s o f t  d a r k  c la y 2 4 .0 0
10 P o r t  S a id s o f t  d a r k  s i lt y  c la y —

2 0 C a ir o  s o u t h s t if f  b r o w 7n  c la y 4 . 5 0
21 Q a ly u o b s t if f  b r o w n  c la y 3 . 7 0
2 2 Q a ly u o b m e d iu m  t o  s t if f  d a r k  c la y 1 0 .3 0
2 3 Q a lv u o b

T a i i t a
m e d iu m  t o  s t if f  d a r k  c la y 9 . 2 0

2 4 b r o w n  c la y 4 . 7 0
2  5 X a s r  c ilv - C a ir o b r o w n  c la y —

2 0 H I S h a llo fa g r e y  la m in a t e d  h a r d  c la y —

2 7 K o m  o m b o d a r k is h  s i lt y  c la y — •

2 8 H ig h  d a m A s w a n  c la y e y  s il t —

2 9 F I M a a s a r a h h a r d  b r o w n is h  c la y —

F o r  e a c h  s o il t h e  l iq u id  l im i t  w a s  d e t e r m in e d  a c c o r d in g  t o  

C a s a g r a n d e ’s  s t a n d a r d  p r o c e d u r e  t o g e t h e r  w it h  t h e  v a n e  

s t r e n g t h  a t  t h e  li q u id  lim it  a n d  a t  w a t e r  c o n t e n t s  n e a r  t o  it .
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T A B I . K  I I .  S O M E  P H Y S I C A L  P U O l ’I i R T l l i S  O F  T W E L V E  U . A . I l .  C L A Y  S A M P L E S

C la y  r i  a t  w l  c a lc u la t e d
N o . L o c a lit y De s c r ip t io n w u Iv f r a c t io n g r a m s / s q .c m . A c t iv i t y fr o m  te s t

1 C a ir o d a r k  c la y 69 3 2 .5 3 6 .5 14 1 7 .8 2 . 6 0 . 4 8
2 T a n  ta b r o w n  c la y 86 25 61 11 1 7 .0 5 . 5 0 .6 6
3 C a ir o  we s t b r o w n  c la y 72 27 45 17 1 7 .5 2 .6 5 0 .5 4
4 Q a ly u o b b r o w n  c la y 67 2 5 .8 4 1 .2 5 1 7 .5 8 . 2 0 .5 7
5 Q a ly u o b d a r k  c la y 70 25 4 5 8 1 7 .8 5 . 6 0 .4 9
6 A le x a n d r ia d a r k  c la y 77 3 6 .8 4 0 .2 11 18 3 .6 5 0 .5 0
7 T a lk h a d a r k  c la y 80 3 9 .2 4 0 .8 13 20 3 .1 5 0 .4 5
8 A b u  Ze n e n ia s ilt y  c la y 33 2 0 .5 1 2 .5 5 28 2 . 5 0 .1 6
9 HI S h a llo fa h g r e y  la m in a t e d  h a r d  c la y 85 3 0 5 5 32 17 1 .7 —

10 K o in  o m b o d a r k is h  s ilt y  c la y 61 23 38 10 19 3 . 8 —

11 H ig h  d a m As w a n  c la y e y  s ilt  * 32 24 8 13 25 0 .6 2 —

12 HI M a a s a r a h h a r d  b r o w n is h  c la y 190 38 152 8 0 13 1 .9 —

F ig .  4  is  u s e d  t o  d e t e r m in e  t h e  l iq u id  l im i t  in  t e r m s  o f  t h e  

v a n e  s t r e n g t h  a t  w a t e r  c o n t e n t s  n e a r  t o  t h e  l iq u id  l im i t  b y  

o n e  te s t  fo r  o n e  w a t e r  c o n t e n t  a s  illu s t r a t e d  in  F ig .  3 . B y  

k n o w in g  t h e  s h e a r  s t r e n g t h  r f  o f  a  r e m o u ld e d  s a m p le  a n d  t h e  

w a t e r  c o n t e n t  c o r r e s p o n d in g  t o  t h is  s t r e n g t h  w h ic h  is  r e p r e ­

s e n t e d  b y  p o in t  ( 1 )  in  F ig .  3 ,  t h e  li q u id  l im it  c a n  b e  

d e t e r m in e d ,  w h ic h  r e p r e s e n t s  t h e  w a t e r  c o n t e n t  a t  p o in t  ( 3 )  

a s  il lu s t r a t e d  b y  d a s h e d  p a t h  1- 2- 3.

F r o m  t h e  d a t a  b y  S k e m p t o n  ( 1 9 5 7 )  a n d  o t h e r s ,  i t  is  

p o s s ib le  t o  e s t a b lis h  t h e  r e la t io n s h ip  b e t w e e n  t h e  r a t io  o f  

u n d r a in e d  s t r e n g t h  t o  t h e  c o r r e s p o n d in g  o v e r b u r d e n  p r e s s u r e  

C J P  a n d  t h e  p la s t ic it y  in d e x  ( Iv )  o f  t h e  s o il:

C J P  =  0 .1 1  +  0 .0 0 3 7  ( Ip )  ( 1 )

w h e r e  ( Iv ) is  e x p r e s s e d  a s  a  n u m b e r  r a t h e r  t h a n  a  r a t io .

A g a in  f r o m  c o n s o lid a t io n  t e s t  d a t a  o n  e ig h t  s o ils  (T a b le

WATER CONT ENT  P E RC E N T  (L O G - S C A L E )

f i g . 2 . R e la t io n  b e tw e e n  m o is t u r e  c o n t e n t  a n d  s h e a r ing  s t r e n g th .

F o r  t w e lv e  s a m p le s  t h e  g r a in  s iz e  d is t r ib u t io n  w a s  d e t e r ­

m in e d  a n d  t h e  a c t iv it y  ( Iv / c la y  f r a c t io n )  w a s  c a lc u la t e d  (s e e  

T a b le  I I) .
I f  t h e  w a t e r  c o n t e n t  versus  t h e  s h e a r  s t r e n g t h  o f  t h e  c la y  

s a m p le s  c o r r e s p o n d in g  t o  t h e  r a n g e  o f  w a t e r  c o n t e n t s  o f  

( ±. 0 .1 5  w L) a r e  p lo t t e d  o n  a  d o u b le  lo g  s c a le ,  a  g r o u p  o f  

s t r a ig h t  lin e s ,  e a c h  r e p r e s e n t in g  o n e  s a m p le  a r e  o b t a in e d  

( F ig .  2 ) .  P o in t s  c o r r e s p o n d in g  t o  t h e  liq u id  l im it  o f  e a c h  

s o il c a n  b e  jo in e d  b y  a s t r a ig h t  lin e  c a lle d  t h e  w L lin e  fo r  

c o n v e n ie n c e .  T h is  lin e  s h o w s  c le a r ly  t h a t  a lt h o u g h  t h e  

s t r e n g t h  a t  li q u id  l im i t  is  e s s e n t ia lly  s m a ll ,  a  b ig  r e la t iv e  

d if fe r e n c e  is  t o  b e  n o t ic e d  ( F ig .  3 ) .  T h e  s t r a ig h t  lin e s  a r e  

n e a r ly  p a r a l le l f o r  a ll s a m p le s  ( w i t h in  t h e  r a n g e  o f  w a t e r  

c o n t e n t s  a d o p t e d )  a n d  c a n  b e  c o n s id e r e d  t o  h a v e  a n  a v e r a g e  

s lo p e  o f  /9 =  ( lo g  Tf  — lo g  Tf l ) / ( l o g  — lo g  w )  =  5 .9 ,  

w h e r e  w ,  =  w  ( r f/ r n ) 0-17.

2 4  21 2 2  15 16 17 2  

\  \  l8\4SM /6 / l9 /
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W A T E R  C O N T E N T -  P E R C E N T  (L O G - S C A L E )

f i g . 3 . D e t e r m in a t io n  o f  liq u id  lim it  f r o m  v a n e  s h e a r  
s t r e n g th  a t  a  m o is t u r e  c o n t e n t  n e a r  t h e  liq u id  lim it .

f i g . 4 . Re la t io n s h ip  b e tw e e n  s h e a r in g  s t r e n g th , m o is t u r e  c o n t e n t ,  
a n d  liq u id  lim it .

I I )  a s  w e ll a s  f r o m  d a t a  b y  S k e m p t o n  a n d  f r o m  o t h e r  d a t a  

o n  r e m o u ld e d  c la y s ,  i t  is  f o u n d  t h a t  t h e  v o id  r a t io  e  c o r r e ­

s p o n d in g  t o  t h e  p la s t ic  l im it  is  r e a c h e d  a t  p r e s s u r e s  r a n g in g  

b e t w e e n  9  a n d  11 k g / s q . c m .  ( F ig .  5 ) .  F o r  c o n v e n ie n c e  

c o n s id e r  t h is  p r e s s u r e  t o  b e  1 0  k g / s q . c m . H e n c e  f r o m  F ig .  6 ;

Ae  =  C v ( lo g  10  -  lo g  P0)

A e / 5 s =  ( C J S s) (1  -  lo g  P0) 

b u t  A e / S s =  I v

t h e r e fo r e  / r  =  (C v/ S s) (1  -  lo g  P 0) ( 2 )

w h e r e  C L. =  .0 0 7  (w L — 1 0 )  u s in g  S s =  2 .7 .

I n  e q u a t io n  ( 2 )  t h e  v a lu e  o f  ( / , »)  is  e s s e n t ia lly  in s e r t e d  a s  

a  f r a c t io n .  E q u a t io n s  ( 1 )  a n d  ( 2 )  g iv e  t h e  e s t im a t e d  c o n ­

s o lid a t io n  p r e s s u r e s  c o r r e s p o n d in g  t o  t h e  l iq u id  lim it  a n d  

t h e  p la s t ic it y  in d e x .  F o r  c o n v e n ie n c e  t h e  t w o  e q u a t io n s  c a n  

b e  s o lv e d  b y  t r ia l,  m a k in g  u s e  o f  t h e  r e la t io n s h ip  b e t w e e n  

a c t iv it y  a n d  s h e a r  s t r e n g t h  a t  li q u id  l im i t  ( F ig .  7 )  o n  w h ic h  

v a lu e s  o f  I v  a r e  in d ic a t e d .  T h e  ir r e g u la r  s e q u e n c e  o f  v a lu e s  

o f  I v  in  F ig .  7  is  a  r e s u lt  o f  t h e  la c k  o f  c o r r e la t io n  b e t w e e n

E F F E C T IV E  OVERBURDEN P RE S SU RE  -  K G /C M 2  

©  TO  OB TA IN  W ATER C O N T E N T  O IV IO E  V O ID  RATIO  

BY S P E C IF IC  GRA VITY  O F P A R T IC L E S  ( *  2 . 7 )  

© F U L L  L IN E  C U R V E S  A F T E R  < A .W . S KEM PTO N -  1953) 

®  FOR C L A R IT Y  C U R V E S  5 , 6 , 7  AND 0  ARE O M ITTE D  

© E G Y P T IA N  S O IL S  I BR OKEN L IN E S )

W_L

[ 06  61

2  3 3  12 .5

3  7 0  4 5

4  6 7  4 1 .2

f i g . 5 . C u r v e s  o f  the  a p p r o x im a t e  r e la t io n  

b e tw e e n  v o id  r a t io  a n d  o v e r b u r d e n  pr e s s ur e  
fo r  c la y  s e d im e n t s  a s  a  fu n c t io n  o f  th e  Alt e r * 

b e r g  lim it s .

f i g . 6. D e t e r m in a t io n  o f  p la s t ic  

lim it  f r o m  v o id  r a t io  a n d  s t r e n g th  
a t  liq u id  lim it .

ACTIVITY (LOG-SCALE)

f i g . 7 . Re la t io n s h ip  b e tw e e n  s h e a r in g  s t r e n g th  a n d  a c t iv ity .
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T A B L IC  I I I .  M E A S U R E D  V E R S U S  C A L C U L A T E D  V A L U E S  O F  P L A S T I C  L I M I T

L iq u id  P la s t ic  lim it , 
N o . Lo c a lit y  lim it  s t a n d a r d  te s t

1 Q a ly u o b 67 25 .8
2 C a ir o 69 32 ")
3 Q a ly u o b 70 25
4 Ale x a n d r ia 77 3 6 ..8
5 T a n t a 86 25
6 T a lk h a 80 39 .2
7 C a ir o  we s t 72 27
8 A b u  Ze n e m a 33 20 . 5

a c t iv it y  a n d  I lt, o r  f r o m  t h e  r e la t io n s h ip  I v  =  0 .7 3  (H- r — 

2 0 ).

T a b le  I I I  s h o w s  t h e  a c t u a l v a lu e s  o f  p la s t ic  l im it  d e t e r ­

m in e d  b y  s t a n d a r d  t e s t s  a n d  t h o s e  c a lc u la t e d  f r o m  e q u a t io n s  

( 1 )  a n d  ( 2 )  a n d  a ls o  f r o m  c u r v e s  a t  P  =  1 0  k g / s q .c m .

C O N C L U S IO N

T h e  u n d r a in e d  s h e a r  s t r e n g t h  o f  r e m o u ld e d  c la y  a t  a  

w a t e r  c o n t e n t  n e a r  t o  t h e  li q u id  l im i t  s e r v e s  t o  d e t e r m in e  

t h e  l iq u id  l im it  v a lu e  o f  t h e  s o il b y  m e a n s  o f  o n ly  o n e  te s t . 

T h e  (e - lo g  p )  c u r v e s  fo r  v a r io u s  r e m o u ld e d  c la y s  c h a r a c ­

t e r is t ic a lly  s h o w  t h a t  m o s t  o f  t h e  c la y s  t e s t e d , as  w e ll a s  o t h e r  

c la y s ,  r e a c h  t h e ir  p la s t ic  l im it  w h e n  c o n s o lid a t e d  a t  a  p r e s ­

s u r e  n e a r  t o  1 0  k g / s q . c m .  T h is  r e la t io n s h ip  m a d e  it  p o s s ib le

Plas tic* lim it  
P la s t ic  lim it  c a lc u la t e d

(a t  P  =  10 k g / s q . c m .)  fr o m  e q n .  (1 ) a n d  (2 )

27 3 5 .5
2 8 .5 3 6 .5
2 8 .5 34
30 3 9 .5
30 42
3 2 .5 41
29 3 1 .5
17 2 2 .5

to  d e t e r m in e  t h e  p la s t ic  l im i t  f r o m  t h e  v a lu e  o f  t h e  l iq u id  

lim it  a n d  t h e  v a lu e  o f  s t r e n g t h  a t  t h e  l iq u id  l im it .  T h e  “ c o n ­

s o lid a t io n  p r e s s u r e ”  c a u s in g  t h e  c la y  t o  c h a n g e  f r o m  a  c o l ­

lo id a l  s e d im e n t  t o  t h e  l iq u id  l im it  s t a t e  c a n  r e a d ily  b e  

o b t a in e d  a n d  is  n o t  e q u a l t o  z e r o .
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