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S U M M A R Y

T h e  e ffe ctive  s tress  s tr e ngth b e h a v io ur  o f  a n u m b e r  o f  s a t u 
r a te d s oil- ce me nt a nd  s oil- lime  s ys te ms  c o ns o lid a te d  to  pres s ure s  
u p  to  60  k g / s q .c m . was  o bta ine d  fr o m  c o ns o lid a te d  u nd r a ine d  
tr ia x ia l tes ts w it h  pore - pre s s ure  me as ur e me nts . T h e  d a t a  s how 
tha t  the  M o h r  e ffe ctive  s tress  s tr e ngth e nve lope s  fo r  these  
s ys te ms  a r e  e s s e ntia lly  s t r a igh t  line s  w ith  s lope s  w hic h  are  
inde pe nde n t  o f c ur ing  t ime . Ho w e ve r , the  m a gn it ud e  o f the  
c ohe s ion inte r c e pt  incre as e s  w ith  inc r e a s ing  t ime  o f  cure . T he  
re s ults  a ls o  s how  t ha t  the  M o h r  e nve lope s  are  s e ns itive  to  the  
type  a nd  a m o u n t  o f s ta b ilize r  as we ll as  the  s oil type . A t  la r ge  
s tr a ins  the  cohe s ion inte rce pts  are  de s troye d, a nd  the  s ta bilize d 
s oils  the n be have  like  cohe s ionle s s  m a te r ia ls  w ith  angle s  o f 
s he a r ing  re s is tance  w hic h  are  inde pe nde nt  o f  c ur in g  t ime .

t h e  i m p r o v e m e n t  o f  s o i l  p r o p e r t i e s  ha s  b e e n  a n  a c t iv e  

p a r t  o f  t h e  s o ils  r e s e a r c h  e ffo r t  a t  M . I.T .  s in c e  1 9 4 6 . 

S e v e r a l n e w  p r im a r y  s ta b ilize r s  w e r e  d e v e lo p e d  a n d  t h e  

e ffe c t ive ne s s  o f  t h e  m o r e  c o n v e n t io n a l o ne s  e n h a n c e d  b y  

m e a n s  o f  s m a ll a m o u n t s  o f  s e c o n d a r y  a d d it iv e s . In  r e c e n t  

y e a r s  i t  h a s  b e c o m e  in c r e a s in g ly  a p p a r e n t  t h a t  a  m o r e  

fu n d a m e n t a l k n o w le d g e  o f  t h e  b e h a v io u r  o f  s t a b iliz e d  s o ils  

is  n e e d e d  b e fo r e  t h e ir  p o t e n t ia l as  c o n s t r u c t io n  m a t e r ia ls  

c a n  b e  fu lly  e x p lo it e d . S u c h  k n o w le d g e  c o u ld  a ls o  s he d  

s o m e  lig h t  o n  t h e  b e h a v io u r  o f  n a t u r a lly  c e m e n t e d  s o ils . 

B a s e d  o n  t he s e  t h o u g h t s , a n  in v e s t ig a t io n  o f  s t r e n g t h  g e n e r a 

t io n  in  s t a b iliz e d  s o ils  w a s  in it ia t e d  in  1 9 6 1 . S o m e  o f  t h e  

r e s u lt s  o b t a in e d  f r o m  t h is  in v e s t ig a t io n  a r e  p r e s e n t e d  in  

t h is  p a p e r .

m a t e r i a l s  a n d  p r o c e d u r e s

T h e  t w o  s o ils  u s e d  in  t h is  in v e s t ig a t io n  w e r e  Ma s s a c h u s e t t s  

c la y e y  s ilt  (M - 2 1 )  a n d  V ic k s b u r g  B u c k s h o t  c la y  ( V B C ) ;  

t h e  p r o p e r t ie s  o f  t he s e  s o ils  a r e  g ive n  in  T a b le  I.  H y d r a t e d  

lim e  (r e a g e n t  g r a d e  c a lc iu m  h y d r o x id e ) a n d  p o r t la n d  

c e m e n t  T y p e  I  (c o m m e r c ia l g r a d e ) w e r e  t h e  s t a b ilize r s  

u s e d . T h e  p h y s ic a l p r o p e r t ie s  o f  t h e  s o il- s t a b ilize r  s y s te ms  

a r e  g iv e n  in  T a b le  II .

T e s t  s pe c im e n s , 3 .1 5  in . lo n g  a n d  1 .4 0 5  in . in  d ia m e t e r ,  

w e r e  p r e p a r e d  b y  t w o - e n d  s t a t ic  c o m p a c t io n  u s in g  a  c om-  

p a c t iv e  e ffo r t  o f  4 0 0  p s i. T h e  a s - m o u ld e d  c o n d it io n s  a r e  

g iv e n  in  T a b le  II .  T h e  s t a b iliz e d  s a m p le s  w e r e  c u r e d  fo r

o f  C iv il Engine e ring , Mas s achus e tts  Ins t itute  o f  T e chnology ,

s o m m a i r e

O n  o b t ie n t  les  c a r ac té r is t ique s  de  rés is tance  a u  c is a ille m e nt  
e n fo nc t io n  de  la  c o nt r a int e  e ffe ctive , p o u r  des  s ols  s tabilis és  
a u  c im e n t  e t à  la  c ha ux . Ay a n t  c ons o lid é  le s  é c h a n t illo n s  sous  
des pre s s ions  a t te igna nt  60  k g /c m .c a ., o n  d é te r m ina  ces c a r a c té 
r is t ique s  p a r  de s  e ssais  t r ia x ia ux  de  c ompr e s s ion s ans  d r a ina ge . 
Le s  r é s ulta ts  d é m o nt r e n t  que  le s  e nve loppe s  de  M o h r  e x pr imée s  
e n fo nc t ion  de s  c ont ra int e s  e ffe ctive s  s ont  gé né r a le m e nt  des  
dr o ite s  d o n t  la  pe nte  ne  d é pe nd  pa s  de  la  dur é e  de  pr is e . 
Ce pe n da n t , les  va le ur s  de  la  c ohé s ion a ug m e nte n t  e n fo nc t ion  du  
te mps  de  pr is e . Le s  r és ulta ts  m o n tr e n t  que  le s  e nve loppe s  de  
Mo h r  d é pe nde nt  d u  type  e t de s  qua nt ité s  d u  p r o d u it  s ta b ilis a t e ur  
a ins i que  des  type s  de  s ol. A u  n ive a u des  d é fo r m a t io ns  éle vée s  la  
c ohé s ion d is p a r a ît  c o m p lè te m e n t  e t  le s  sols  s ta bilis é s  agis s e nt 
c o m m e  des  m a té r ia ux  g r a nula ir e s  d o n t  les  angle s  de  rés is tance  
au c is a ille m e nt  s ont indé pe nda nt s  d u  te mps  de  la  pr is e .

T A H L K  I. P U O P K R T IliS  O l ' U N T IŒ A T K D  SO ILS

M- 21 VIÌC

T e x t u r a l c o m p o s it io n
S a n d ,  2  m m  t o  0 .0 6  111111 4 2 5
S ilt , 0 .0 6  m m  t o  0 .0 0 2  n u n 43 65
C la y , < 0 .0 0 2  111111 15 30

P h y s ic a l p r o p e r t ie s
L iq u id  lim it ,  % 2 0 .5 6 4 .5
P la s t ic  lim it ,  % 1 4 .7 2 8 .0
P la s t ic it y  in d e x , % 5 .8 3 6 .5
S p e c ific  g r a v it y 2 .7 5 2 .6 6
M a x . d r y  d e n s it y , Ib / c u .  f t . 1 1 2 3 .0 1 0 6 .0
O p t im u m  w a t e r  c o n t e n t , % 1 3 .2 1 8 .8

C la s s if ic a t io n
U n if ie d C L - M L C M
A A S H O A- 4 (0) A- 7- 5(20)

C h e m ic a l p r o p e r t ie s 2
O r g a n ic  m a t t e r ,  %  b y  w t . 0 .2 1 .1
C a t io n  e x c h a n g e  c a p a c it y , n ie q ./ lO O  g r a m s 10 30
G ly c o l r e t e n t io n , m g / g r a m 22 65

M in e r a lo g ic a l c o m p o s it io n 2
C la y  c o m p o s it io n , %  b y  w e ig h t 30 50
Illit e :  n io n t m o r illo n o id 1 :0 1 :1 a
F r e e  ir o n  o x id e , %  Fe *Oa 2 .9 1 .0

JS t a t ic  c om pa c t io n , 400 ps i e ffor t .
2F o r  —0.074- mni fr a c t ions  o bta ine d  fro m a  d iffe re nt  b a t c h  of 

soil.
3Mo s t  n io n tm o r illo no id  mine r a l is n io n tn io r illo n ite .
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T A D L E  I I .  P H Y S I C A L  P R O P E R T IE S  O F  S O IL - S T A D IL IZ IÎ R  S Y S T E M S

Soil S t a b ilize r
W j*

( % )

Wi>*

( % )

/i>
( % )

Op t im u m
7<1

(lb / c u . ft .)

O p t im u m
•w

( % )

Mo u ld in g
Yd

(lb / c u . ft .)

Mo u ld in g
w

( % ) (de gre e s )

M- 21 None 2 0 .5 1 4 .7 5 .8 1 2 3 .0 1 3 .2 1 2 2 .5  ± 0 .1 1 3 .8 ± 0 .1 3 0 .5
M- 21 3 %  c e m e nt 2 1 .3 1 7 .2 3 .6 1 1 7 .5 13 .7 118,1  ± 0 .1 1 4 .9  ± 0 .2 32
M- 21 5 %  c e me nt 2 1 .2 1 7 .6 3 .6 11 8 .4 1 4 .5 1 1 7 .6 ± 1 .4 1 5 .3 ± 1 .1 37
M- 21 5 %  lime 2 2 .5 1 9 .4 3 .1 1 1 3 .8 1 6 .0 1 1 2 .2 ± 0 .7 1 5 .2 ± 0 .8 3 1 .5

VB C No ne 6 4 .5 2 8 .0 3 6 .5 1 0 6 .0 1 8 .8 9 1 .0 ± 0 .3 3 1 . 4 ± 0 .5 20
VB C 5 %  lim e 6 1 .4 4 7 .3 15 .1 10 0 .0 2 0 .0 8 9 .1  ± 0 .1 3 0 .2 32

•De t e r m in e d  im m e d ia t e ly  a fte r  m ix ing  in  o f t h e  wa te r .

periods  rang ing  from  4 to  138 days befo re  testing. T h e  

cu rin g  tim e includes a  period  o f s to rage a t  100 p e r  cen t 

re la tive  h um id ity  fo llow ed by o n e  day  o f  com plete  im 

m ersion  in  w ate r p lus th e  tim e requ ired  fo r consolidation  

and  sa tu ra tion , w hich  varied  from  3 to  12 days. T h e  unstab i

lized  soil sam ples w ere  conso lidated  and  sa tu ra ted  im 

m ediately  a fte r  com paction .

A ll sam ples w ere  sa tu ra ted  w ith  a  back  p ressu re  (i.e ., an 

elevated  p o re  w a te r p ressu re ) o f  5 to  10 k g /sq .cm . T o  

overcom e th e  prestress effects due  to  com paction , and  to  

k eep  to  th e  sam e streng th /co n so lid a tio n  p ressu re  ra tios as 

used w ith  u n tre a ted  soils, consolidation  p ressures rang ing  

fro m  ze ro  to  ab o u t 50  k g /sq .cm . w ere  used. T h e  sam ples 

w ere tested  in  und ra in ed  shear w ith  po re-p ressure m easu re

m ents. T h e  tests  w ere stra in  contro lled  an d  ru n  a t  a ra te  

sufficiently slow  to  p erm it pore-p ressu re  equa liza tion  du rin g  

shear.

A t low  consolidation  p ressures stan d a rd  triax ia l equ ip 

m e n t w as used  (B ishop  and  H enkel, 1962; A ndresen  and

Sim ons, 1 9 6 0 ); fo r  cell pressures above 10 k g /sq .cm ., h igh  

p ressure triax ia l equ ipm en t w as em ployed. A t h igh  p res

sures 0.01-in. th ick  rubber m em branes  w ere used  to  jacket 

the  sam ples an d  th e  pore  pressures w ere  determ ined  w ith  

differential p ressu re transducers. D eta ils  o f  th e  h igh  p res

su re triax ia l equ ipm en t and o f th e  testing  p rocedures a re  

p resen ted  elsew here (M .I.T ., 1 963 ).

e f f e c t i v e  m o h r  e n v e l o p e s  

T ypical effective stress p a th s  (in  te rm s o f h a lf  th e  stress 

d ifference versus  th e  average effective stress) from  con

solidated und ra in ed  triax ia l com pression  tests  on  u n tre a ted  

and  stab ilized  sam ples a re  show n in F ig . 1. T h e  resu lts p re 

sented a re  fo r un trea ted  M -21 and M -21 stabilized  w ith  

5 p e r  cen t lim e cu red  fo r  tim es rang ing  from  20  to  138 

days. F o r  the  un trea ted  sam ples and  fo r th e  stab ilized  

sam ples w ith  the sam e cu ring  tim e, an essentially  s tra igh t 

line can  be  d raw n tangen t to  th e  effective stress p a th s  fo r 

the  en tire  range o f  pressures em ployed; nam ely , ze ro  to  50

1 / 2  ( ö i+ ö j)  , k g / c m 8

f i g . 1. Typical effective stress paths and M ohr-Coulomb effective stress envelopes for untreated and lime stabilized M-21 (shown
on a 5s (<Tj — <jg versus -f-53) p lo t).
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k g / s q .c m . (t h e  in t e r c e p t  a  a n d  s lo pe  a o f  the s e  e n ve lo p e s  

a r e  u n iq u e ly  r e la t e d  t o  t h e  M o h r - C o u lo m b  e n ve lo p e s  b y  s in  

<f> =  t a n  a  a n d  c  =  a/ c os  <£). S im ila r  s t r a ig h t  e n ve lo p e s  

o c c u r r e d  w it h  t h e  o t h e r  s o il- s t a b ilize r  s y s te m s  inv e s t ig a t e d . 

M o s t  p r e v io u s  in v e s t ig a t io n s  o v e r  s u c h  a  la r g e  r a n g e  o f  

p r e s s u r e s  w e r e  d r a in e d  te s ts  w h ic h  r e s u lt e d  in  c u r v e d  e n 

v e lo p e s . H ir s c h fe ld  a n d  P o u lo s  ( 1 9 6 3 )  h a v e  s h o w n  t h a t  

a p p ly in g  t h e  v o lu m e t r ic  e n e r g y  c o r r e c t io n  s u gg e s te d  b y  

R o w e  ( 1 9 6 2 )  t o  t h e  r e s u lt s  o f  d r a in e d  te s ts  r e d u c e d  t h e  

c u r v a t u r e  o f  the s e  e n ve lo p e s . S in c e  t h e  te s ts  in  t h is  in v e s t ig a 

t io n  w e r e  u n d r a in e d , a n d  h e n c e  n o  v o lu m e  c h a n g e s  o c c u r r e d  

d u r in g  s h e a r , it  is  r e a s o n a b le  t h a t  t h e  r e s u lt s  y ie ld e d  e s s e n 

t ia lly  s t r a ig h t- line  e n ve lo p e s .

T h e  in f lu e n c e  o f  c u r in g  t im e , t > o n  t h e  e ffe c t ive  s tr e s s  

e n ve lo p e s  o f  M- 2 1  s t a b iliz e d  r e s p e c t iv e ly  w it h  lim e  a n d  

c e m e n t  w a s  d e t e r m in e d  fo r  t o t a l c u r in g  p e r io d s  r a n g in g  

f r o m  fo u r  d a y s  t o  a  li t t le  o v e r  f o u r  m o n t h s .  T y p ic a l e n 

v e lo p e s  fo r  t h e  s o il- lime  s ys te m  a t  v a r io u s  c u r in g  t im e s  a r e  

s h o w n  in  F ig . 1. S im ila r  r e s u lt s  w e r e  o b t a in e d  fo r  t h e  s o il 

s t a b ilize d  w it h  c e m e n t . In  b o t h  cas e s  t h e  M o h r - C o u lo m b  

e ffe c t ive  a n g le  o f  s h e a r in g  r e s is ta n c e , <j>, w a s  in d e p e n d e n t  o f  

c u r in g  t im e ,  w h e r e a s  t h e  e ffe c t ive  c o h e s io n  in t e r c e p t , c, w a s  

a fu n c t io n  o f  t. T h e  r e la t io n s  b e t w e e n  c  a n d  /  a r e  s h o w n  

in  F ig . 2 .

2 5 10 20 50 100 200 500

TOTAL CURING T IM E , t  ,  DAYS.

f i g .  2 . E ffe c t iv e  c o h e s io n  in t e r c e p t  a s  a  fu n c t io n  o f  c u r in g  

t im e  fo r  lim e  s t a b iliz e d  a n d  c e m e n t  s t a b iliz e d  M- 2 1 .

T h e  in f lu e n c e  o n  $  o f  t h e  s o il t y pe , as  w e ll as  t y p e  a n d  

a m o u n t  o f  s t a b ilize r , is  s h o w n  in  t h e  la s t  c o lu m n  o f  T a b le  II .  

T h e  r e s u lts  in d ic a t e  t h a t  w it h  a  g iv e n  t y p e  a n d  a m o u n t  

o f  s t a b ilize r  t h e  m a g n it u d e  o f  t h e  in c r e a s e  in  0  w ill  d e p e n d  

t o  a  la r g e  d e g r e e  o n  t h e  t y p e  o f  s o il. F o r  e x a m p le , t h e  a d d i 

t io n  o f  5  p e r  c e n t  lim e  c a u s e d  t o  in c r e a s e  b y  12  de g r e e s  

fo r  t h e  c la y  ( V B C )  a n d  o n ly  b y  o n e  d e g r e e  fo r  t h e  s ilt  

( M - 2 1 ) .  T h e  a m o u n t  o f  s t a b ilize r  a ls o  h a d  a n  in flu e n c e  o n  

4>. In  t h e  c a s e  o f  M- 2 1 , in c r e a s in g  t h e  c e m e n t  c o n t e n t  fr o m

3 t o  5 p e r  c e n t  c a us e d  <j> t o  inc r e a s e  f r o m  3 2  t o  3 7  de gr e e s .

D a t a  a t  lo w  c o n s o lid a t io n  p r e s s ur e s  h a v e  in d ic a t e d  t h a t  0  

fo r  a  g iv e n  s o il- s t a b ilize r  s y s t e m  is  e s s e n t ia lly  in d e p e n d e n t  

o f  m o u ld in g  c o n d it io n s  a lt h o u g h  t h e  m a g n it u d e  o f  c  va r ie s . 

It  is  b e lie v e d  t h a t  w e a t h e r in g  o f  s t a b iliz e d  s a m p le s , s u c h  a s  

c y c le s  o f  w e t t in g  a n d  d r y in g  o r  fr e e z in g  a n d  t h a w in g , m ig h t  

a ls o  in f lu e n c e  c  w it h o u t  h a v in g  a n  a p p r e c ia b le  e ffe c t o n  <j>.

In  s u m m a r y , as  a  g o o d  fir s t  a p p r o x im a t io n , t h e  s t r e n g t h  

b e h a v io u r  o f  s o ils  w h ic h  h a v e  b e e n  s t a b iliz e d  w it h  s m a ll 

a m o u n t s  o f  in o r g a n ic  a d d it iv e s  s u c h  a s  lim e  o r  c e m e n t  c a n

ULTIMATE 1/ 2 (?,♦ * * ) , hfl/ cm2.

f i g .  3 . R e la t io n s  b e t w e e n  u lt im a t e  s h e a r  s tre s s  a n d  u lt im a t e  
a v e r a g e  e ffe c t iv e  s tre s s  fo r  u n t r e a t e d  M- 21  a n d  fo r  M- 21  p lu s  

5 p e r  c e n t  lim e  w it h  c u r in g  t im e s  r a n g in g  f r o m  4  t o  138 d a y s .

b e  e x pr e s s e d  b y  t h e  M o h r - C o u lo m b  e q u a t io n  in  t e r m s  o f  

e ffe c t ive  s tre s s e s :

r  =  c  +  cr t a n  0

w h e r e  4> =  /  ( s o il,  t y p e  o f  s t a b ilize r , a m o u n t  o f  s t a b iliz e r );  

c  — f  (s o il, t y p e  o f  s t a b ilize r , a m o u n t  o f  s t a b ilize r , c u r in g  

h is t o r y , m o u ld in g  c o n d it io n s , w e a t h e r in g ) .

U L T IM A T E  S T R E N G T H

W h e n  t h e  s t a b iliz e d  s a m p le s  w e r e  s h e a r e d  b e y o n d  t h e  

m a x im u m  s tre s s  d iffe r e n c e  a n d  p o in t  o f  t a n g e n c y  w it h  the  

e ffe c t ive  s tr e s s  e n v e lo p e , t h e y  u lt im a t e ly  r e a c h e d  a  c o n d it io n  

a t  w h ic h  t h e  p o r e  p r e s s ur e  a n d  s he a r  s tr e s s  r e m a in e d  e s s e n 

t ia lly  c o n s t a n t  w it h  fu r t h e r  s t r a in in g .*  T h e  a r e a  u s e d  in  

c o m p u t in g  t h e  u lt im a t e  s tre s s e s  w a s  t h e  m a x im u m  m e a s u r e d  

c r os s - s e c t iona l a r e a  o f  t h e  s a m p le s  a t  t h e  e n d  o f  t h e  te s ts , 

s inc e  a t  the s e  la r ge  s t r a in s  it  w a s  n o t  p o s s ib le  t o  c o m p u t e  

w it h  a n y  a c c u r a c y  t h e  a r e a s  fr o m  t h e  a x ia l s t r a in s . A t  th is  

u lt im a t e  c o n d it io n  t h e  v a lu e s  o f  s h e a r  s tr e s s  a n d  e ffe c t ive  

s tr e s s  lie  o n  a  s in g le  e n v e lo p e  h a v in g  ze r o  c o h e s io n  w h ic h  is  

in d e p e n d e n t  o f  c u r in g  t im e ,  a s  s h o w n  in  F ig .  3 fo r  M- 2 1  p lu s  

5  p e r  c e n t  lim e .  H e n c e  la r g e  s t r a in s  c o m p le t e ly  d e s t r o y  

t h e  m e c h a n ic a l c e m e n t a t io n  w it h in  t h e  fa ilu r e  zo n e . It  is  

in t e r e s t in g  t o  n o t e  t h a t  fo r  t h e  s t a b iliz e d  s o ils  t h e  u lt im a t e  

a n g le  o f  s h e a r in g  r e s is t a n c e , w a s  g r e a te r  t h a n  t h e  Mo h r -  

C o u lo m b  0  w h e r e a s  fo r  t h e  u n t r e a t e d  s o ils  t h e y  w e r e  e s s e n 

t ia lly  t h e  s a m e . F o r  e x a m p le , in  t h e  ca s e  o f  M- 2 1  (F ig .  3 )  

0 ll1t w a s  five  de g r e e s  la r g e r  fo r  t h e  lim e - s t a b ilize d  s o il t h a n  

fo r  t h e  u n t r e a t e d  s o il e ve n  t h o u g h  b o t h  s y s t e m s  h a d  a b o u t  

t h e  s a m e  <j> ( F ig .  1 ) . T h is  e ffe c t  m a y  p o s s ib ly  b e  d u e  t o  

t h e  lim e  c e m e n t in g  t h e  s m a lle r  s o il p a r t ic le s  in t o  la r g e r  

o ne s , as  w a s  s u gg e s te d  b y  L a m b e  ( 1 9 6 0 ) .

IN IT IA L  T A N G E N T  M O D U L U S  A N D  P O R E - P R E S S U R E  R E S P O N S E

T h e  in it ia l t a n g e n t  m o d u li,  o b t a in e d  f r o m  t h e  s tr e s s  d if 

fe r e n c e  versus  a x ia l s t r a in  p lo t s , in c r e a s e d  w it h  in c r e a s in g  

c o n s o lid a t io n  p r e s s u r e  a n d  in c r e a s in g  c u r in g  t im e . A c c o m 

p a n y in g  t h e  inc r e a s e d  m o d u lu s  w a s  a  d e c r e a s e  in  t h e  por e -  

p r e s s u r e  r e s p on s e , i.e ., p o r e - p r e s s ur e  p a r a m e t e r  B  (S k e m p -

*T h e  u lt im a t e  c o n d it io n  c o u ld  n o t  a lw a y s  b e  a c h ie v e d  w it h  

t h e  s t r o n g e r  s y s t e m s , e s p e c ia lly  a t  lo w  c o n s o lid a t io n  pr e s s ur e s , 
be ca u s e  b r it t le  fa ilu r e  p r e v e n t e d  s t r a in in g  b e y o n d  t h e  m a x im u m  

s tre s s  d iffe r e nc e .
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f ig .  5 . Excess pore pressure a t  maximum 
stress difference versus consolidation pres

sure for M-21 stabilized with lime and 
cement respectively.

f i g .  4. Effect of initial tangent modulus on the 

pore-pressure response prior to  shear for untreated 
and lime stabilized M-21.

ton, 1954) m easured  a t the  end o f  conso lidation . T h e  

sca tter in  the  results, show n in  F ig . 4  fo r M -21 and  M-21 

plus lim e, w as p resum ably  due to  specim en seating  im per

fections causing  the  appa ren t m oduli to  be low er th a n  the  

ac tu a l m oduli. T h e  low ering  o f B  as E  increased reflects the 

low er com pressib ility  o f th e  m inera l skeleton  as th e  con 

solida tion  p ressure and  cu ring  tim e are  increased.

P O R E  P R E S S U R E S  D U R IN G  S H E A R ( F IG .  1 )

A t low  consolidation  pressures the  excess po re  pressure 

during  sh ear increased  slightly  and then d ropped  an d  b e 

cam e negative a t la rger strains. T h is  is s im ilar to  the  

behav iour o f  heavily  over-consolidated  clays. A t the  h igher 

conso lidation  pressures the  po re-p ressure behav iour o f  the 

stab ilized  soils becam e m ore  characte ris tic  o f  norm ally  con

solida ted  clays, th a t is, th e  pore  pressure  increased  a t  a 

decreasing  ra te  w ith  strain . T h e  excess pore  pressure at 

m ax im um  stress d ifference increased  linearly  w ith  increasing  

conso lidation  p ressu re  and  w as essentially  independen t o f 

cu rin g  tim e (F ig . 5 ) .  T he large sca tte r in the  results a t the 

low er conso lidation  pressures w as due to  sm all variations 

in the m ou ld ing  cond itions o f  the  te st specim ens.

M A X I M U M  S H E A R  S T R E N G T H  

T h e  axial s tra in  requ ired  to  reach  the  m ax im um  stress 

difference w as independen t o f  bo th  consolidation  pressure 

and  cu ring  tim e, provided b rittle  fa ilu re  d id  n o t occur.

f i g .  6. Influence o f curing time on the un

ci rained shear strength o f stabilized M-21.

B rittle fa ilu re  w as m ost ap t to  occu r a t the  very  low  con 

solida tion  pressures and w ith the  m ore  strong ly  cem ented  

system s. A t th e  h igher conso lidation  p ressures m ost o f  the 

sam ples failed  by bulging.

F o r  any given set o f cu ring  conditions, p rovided  brittle  

frac tu re  d id  n o t occu r, the undra ined  shear s treng th  in 

c reased  linearly  w ith  consolidation  pressure once the effects 

due to  m oulding  and  the  tendency  fo r b rittle  f rac tu re  had  

been overcom e (F ig . 6) .  T he ra te  o f  increase o f  streng th  

w ith  consolidation  pressure  w as independen t o f  cu ring  tim e 

(F ig . 6) because both  the pore  p ressu re  a t  fa ilu re  and  

effective angle o f shearing  resistance a re  independen t o f 

cu ring  lim e. H ow ever, the  shear s treng th  at ze ro  con 

solida tion  pressure increased  w ith increasing  curing  tim e 

because the  effective cohesion  in tercep t is a  function  o f 

cu ring  tim e. A  reasonab ly  good corre la tion  existed betw een 

undra ined  shear strength  and initial tangen t m odulus. This 

co rre la tion  w as independen t o f  consolidation  pressure and 

cu ring  tim e, as illustrated  in F ig. 7 fo r M -21 p lu s  5  per 

cen t lime.

INITIAL TANGENT

f i g .  7. Relation between initial tangent 

modulus and shear strength for lime stabi
lized M-21 with Curing limes ranging from

4 to 138 days.
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