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SYNOPSI S Aut ogenous  heal i ng has  been k nown t o oc c ur  i n l i me and c ement  s t abi l i z ed soi l s .
The ex t ent  of ,  and f ac t or s  af f ec t i ng i t s oc c ur r enc e ar e howev er  not  adequat el y  doc ument ed i n t he 
l i t er at ur e.  Thi s  paper  des c r i bes  a l abor at or y  s t udy  of  t hi s  pr oper t y  us i ng a l at er i t i c  soi l ,  
l i me,  and cement .

The s t r es s / s t r ai n pr oper t i es  of  t he s t abi l i z ed soi l  s pec i mens  wer e meas ur ed af t er  per i ods  of  
i ni t i al  cur i ng.  The t es t ed s pec i mens  wer e f ur t her  c ur ed f or  v ar i ous  per i ods  and a s econd s t r es s /  
s t r ai n meas ur ement  under t aken.  The aut ogenous  heal i ng was  t hen comput ed.  Fr om t he r es ul t s  of  
t he s t udy  i t  was  f ound - t hat  s hor t  i ni t i al  c ur i ng per i ods  and l ong c ur i ng per i ods  af t er  f l awi ng 
enhanc ed t he heal i ng pr ocess.

I t  i s i nf er r ed f r om t he s t udy  t hat  bey ond seven day s  c ur i ng a l i me or  c ement  s t abi l i z ed bas e ov er  
s t r es s ed t o f ai l ur e wi l l  not  heal  up but  det er i or at e.  Li ght  t r af f i c  may  be al l owed however ,  
wi t hi n seven day s  of  l ay i ng a l i me or  c ement  s t abi l i z ed base wi t hout  danger  of  any  f l aws  bei ng 
heal ed up l at er .

I NTRODUCTI ON

Soi l  s t abi l i s at i on i nv ol ves  t he al t er at i on of  
soi l  pr oper t i es  t o s pec i f i c  engi neer i ng r equi r e ­
ment s  such as r educ t i on of  pl as t i c i t y  of  f i ne ­
gr ai ned soi l s ,  i mpr ov ement  of  wor k abi l i t y  and 
i nc r eas e i n s t r engt h as wel l  as  bear i ng c apac i t y  
of  t he soi l .  Ther e ar e many  met hods  wher eby  
t hi s al t er at i on can be achi eved.  One of  t he 
mos t  c ommon and ef f ec t i v e of  t hese met hods  i s 
by  addi t i on of  such hy dr aul i c  bi nder s  as l i me 
and c ement  t o t he soi l .

Gener al l y ,  however ,  when l i me or  c ement  s t abi l i ­
zed soi l s  ar e us ed f or  pav ement  c ons t r uc t i on 
c r acks  ar e dev el oped i n t he l ayer s .  Thes e c r acks  
ar e due t o s hr i nk age or  f at i gue and s t r es s es  
c aused by  ov er  l oadi ng.  I n some cases ,  t hese 
c r acks  ar e so s ev er e as t o under mi ne t he s t r uc ­
t ur al  i nt egr i t y  of  t he pavement .  I t  has  been 
obs er v ed howev er  t hat  al t hough c r ac k s  ar e dev e ­
l oped i n t he s t abi l i z ed pav ement s  t hei r  
oc c ur r enc e do s el dom mak e t he pav ement  s t r uc t u ­
r al l y  or  f unc t i onal l y  i nadequat e.  Thi s  
c har ac t er i s t i c  i s due t o t he f ac t  t hat  t he 
f l awed l i me or  c ement  s t abi l i z ed soi l s  have t he 
abi l i t y  t o r egai n s t r engt h wi t h t i me.

Thi s  abi l i t y  t o r egai n s t r engt h wi t h t i me i s 
t er med aut ogenous  heal i ng and i t  may  be def i ned 
as a r at i o of  i nc r eas e i n s t r engt h of  f l awed t o 
unf l awed s t abi l i z ed soi l  of  t he same mat er i al s  
pl aced,  c ompac t ed ( moul ded)  and cur ed under  t he 
same c ondi t i ons  and ov er  t he same per i od.  The 
ex pr es s i on f or  i t  i s gi v en as f ol l ows:

Un

U,,  -  U
2 o

x 100%

wher e H = Per c ent age heal i ng over  a
gi v en c ondi t i on

U = Compr es s i v e s t r engt h of  un ­
f l awed mat er i al  af t er  
i ni t i al  c ur i ng

Ux = Compr es s i v e s t r engt h of
f l awed mat er i al  af t er  addi ­
t i onal  per i od of  c ur i ng

Uj  = Compr es s i v e s t r engt h of  un ­
f l awed mat er i al  c ur ed f or  a 
per i od equal  t o t he s um of  
t he i ni t i al  and addi t i onal  
c ur i ng per i ods  of  t he f l awed 
mat er i a l .

Aut ogenous  heal i ng occur s  i n l i me and c ement  
s t abi l i z ed soi l s  bec aus e of  c hemi c al  r eac t i ons  
t hat  go on dur i ng and af t er  t he soi l s  hav e been 
s t abi l i zed.  A br i ef  r ev i ew of  t he c hemi c al  
r eac t i ons  t hat  occur  i n l i me and c ement  s t ab i l i ­
zed soi l s  i s t her ef or e nec es s ar y  t owar ds  t he 
under s t andi ng of  t hi s  heal i ng pr ocess .

Essent i al l y ,  t he r eac t i on of  s oi l - l i me mi x t ur es  
pr oc eeds  i n t wo s t ages ,  namel y ,  t he r api d and 
s l ow s t ages .  The r eac t i ons  at  t he f i r s t  s t age 
ar e r api d.  Her e,  t hr ough phy s i c o- c hemi c al  p r o ­
cesses  t he c l ay  s i ze of  par t i c l es  i s i mpr ov ed by 
means  of  f l oc c ul at i on and aggl omer at i on of  t he 
par t i c l es .  The ef f ec t  i s i ns t ant  r educ t i on of  
pl as t i c i t y  and t endenc y  t o swel l  and shr i nk .
These c hanges  ar e gener al l y  ac c ompani ed by l i t t l e 
or  no s t r engt h devel opment .  The s ec ond s t age,  
however ,  i s a s l ow pr oc es s  i nv ol v i ng f or mat i on 
and ac c umul at i on of  c ement i t i ous  pr oduc t s  l eadi ng 
t o t he har deni ng and s t abi l i z at i on of  t he soi l  
( Di amond and Ki nt er ,  1965) .  Dur i ng t hi s  s econd 
s t age,  c r acks  dev el oped i n a f l awed s oi l - l i me
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mi x t ur e wi l l  be f i l l ed wi t h  t he c ement i t i ous  pr o ­
duc t s  s o f or med t her eby  " heal i ng"  t hem.

Si mi l ar l y ,  t wo mai n r eac t i on pr oc es s es  may  be 
i dent i f i ed dur i ng t he har deni ng of  a s oi l - c ement  
mat er i a l  and t hes e may  be t er med as t he pr i mar y  
and s ec ondar y  r eac t i on pr oces s es .  The hy dr ol y s i s  
and hy dr at i on of  t he c ement  i s r egar ded as t he 
pr i mar y  r eac t i on pr ocess .  Dur i ng t he hy dr ol y s i s  
and hy dr at i on of  c ement  c al c i um hy dr ox i de,  
Ca( OH) 2 , i s r e l eas ed r es ul t i ng i n a r i s e i n t he 
pH.  Thi s  r eac t i on i s r api d and i t  i nvol ves
i on ex c hange and f l occul at i on.

The hi gh pH and Ca( OH) 2 c onc ent r at i ons  pr ov i de 
t he nec es s ar y  env i r onment  f or  t he s ec ondar y  r e ­
ac t i on pr oc es s  t o pr oceed.  Under  t hi s  c ondi t i on 
t he c al c i um i ons  pr oduc ed by  t he c ement  hy dr a ­
t i on f i r s t  c onv er t s  t he c l ay  t o t he c al c i um f or m 
t her eby  i nt ens i f y i ng t he f l oc c ul at i on i ni t i al l y  
br ought  about  by  t he addi t i on of  t he c ement  t o 
t he soi l .  The Ca( OH) 2 at t ac k s  t he c l ay  par t i c l es  
c ombi ni ng wi t h t he amor phous  s i l i c a and al umi na 
t o f or m addi t i onal  c ement i t i ous  pr oduc t s .  Thi s  
pr oc es s  i s bel i ev ed t o be poz z ol ani c .  By  t hi s,  
i t  i s meant  t hat  t he r eac t i on i nv ol ves  s i l i c eous  
or  al umi nous  mat er i al s  whi c h by  t hems el v es  ar e 
not  c ement i t i ous  but  wi l l  c ombi ne wi t h l i me when 
f i nel y  di v i ded and i n t he pr es enc e of  moi s t ur e 
t o f or m c ement i t i ous  mat er i a l  ( Her zog and 
Mi t chel l ,  19 63;  Nobl e,  1967;  Hammond,  1977) .
Her e agai n,  a s oi l - c ement  mat er i al  whi c h has 
dev el oped c r acks  dur i ng t hi s  s t age wi l l  get  t hem 
f i l l ed up wi t h t he c ement i t i ous  pr oduc t s  der i v ed 
f r om t hese r eac t i ons .

Oc c ur r enc e of  aut ogenous  heal i ng i n l i me and 
c ement  s t abi l i z ed soi l s  i s wel l  k nown and 
at t empt s  had been made by  Cal l aham,  Mor r ow and 
Ahl ber g ( 1962)  as wel l  as Thomps on and Demps ey  
( 1968)  t o meas ur e i t .  However ,  t he ex t ent  of  
i t s  oc c ur r enc e and f ac t or s  af f ec t i ng i t s  oc c ur ­
r ence ar e not  adequat el y  doc ument ed i n t he 
l i t er at ur e.  The ai m of  t hi s  paper  i s t o s t udy  
t hi s pr oper t y  of  l i me and c ement  s t abi l i z ed 
soi l s  t o i dent i f y  f ac t or s  t hat  af f ec t  i t s oc c ur ­
r ence as wel l  as meas ur i ng t he ex t ent  of  t he 
heal i ng wi t h t i me.

I n or der  t o ac hi ev e t hi s  obj ec t i v e t he s t r es s /  
s t r ai n pr oper t i es  of  t he s t abi l i z ed s pec i mens  
wer e meas ur ed af t er  i ni t i al  cur i ng.  Af t er  f l aws 
have been i nduc ed i n t he s pec i mens  whi c h have 
had di f f er ent  per i ods  of  i ni t i al  cur i ng,  f ur t her  
c ur i ng was under t ak en f or  d i f f er ent  per i ods  and 
a s ec ond s t r es s / s t r ai n meas ur ement  under t aken.

MATERI ALS

A l at er i t i c  soi l ,  hy dr aul i c  l i me and or di nar y  
Por t l and c ement  wer e us ed i n t he s t udy.  Cl as s i f i ­
c at i on and i dent i f i c at i on t es t s  wer e c ar r i ed out  
on t he l at er i t i c  soi l  i n ac c or danc e wi t h t he 
BS 1377 ( 1975) .  Chemi c al  anal y s i s  wer e c ar r i ed 
out  on t he l i me and cement .  Tabl e I  gi v es  t he 
pr oper t i es  of  t he soi l  and Tabl e I I  t he c hemi c al  
pr oper t i es  of  t he bi nder s .  The par t i c l e s i ze 
di s t r i but i on of  t he soi l  i s as por t r ay ed i n Fi g. l .

TABLE I

Pr oper t i es  of  t he Lat er i t i c  Soi l

WL WP Yd_  
kg m

W . 
opt PH

Or gani c
Cont ent

48. 30 29. 90 18. 90 17.  5 7. 2 3. 14

TABLE I I

Chemi c al  pr oper t i es  of t he hy dr aul i c bi nder s

Bi nder
Component

Cement  % Li me %

Si 02 20. , 80 0.  76

M 2° 2 6, . 14 0.  40

Fe2° 2
2. . 52 0.  20

CaO 65. . 07 97. 08

MgO 1. . 94 0.  45

S03
1. , 93 0. 06

Loss  on i gni t i on 1. . 19 -

I ns ol ubl e Res i due 0. . 41 -

Tot al 100 99. 77

EXPERI MENTAL

The t es t  s pec i mens  wer e pr epar ed by  mi x i ng t he 
soi l  and t he bi nder s  ( l i me and cement )  t hor oughl y  
wi t h wat er  and c as t i ng t hem i n c y l i ndr i c al  moul ds

Fi g . 1: Par t i c l e s i ze di s t r i but i on 
of  t he l at er i t i c  soi l .
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meas ur i ng 101. 6mm by  50. 8mm di amet er  at  t he max i ­
mum dr y  dens i t y  of  1890 kg m“ 3 and opt i mum 
moi s t ur e c ont ent  of  17. 5.  The bi nder s  wer e 
added at  t hr ee l evel s ,  4,  6 and 8 per  c ent  of  t he 
dr y  wei ght  of  t he soi l  and al l owanc e was  made 
f or  t hei r  hy dr at i on by  i nc r eas i ng t he amount  of  
wat er  by  10 per c ent  of  t he wei ght  of  bi nder s .  I n 
al l ,  1400 s pec i mens  wer e c as t  and c ur ed under  
humi d and dr y  c ondi t i ons  ov er  a per i od r angi ng 
f r om 7 t o 156 days.  Under  t he dr y  c ondi t i on t he 
wax ed s pec i mens  wer e al l owed t o cur e at  t he 
moul d i ng moi s t ur e and at  t emper at ur es  r angi ng 
bet ween 25- 30° C.  wher eas  t he s pec i mens  c ur ed 
under  humi d c ondi t i on wer e unwax ed but  s t or ed i n 
pl as t i c  bags  whi c h wer e i n t ur n c ov er ed wi t h 
damp sacks.  The c ur i ng t emper at ur e was  t he same 
as t hat  of  t he dr y  condi t i on.

I ni t i al  c ur i ng was  c ar r i ed out  f or  per i ods  of  7,  
14,  28 and 56 day s  af t er  whi c h t he s pec i mens  
wer e t es t ed and t hei r  s t r es s / s t r ai n r el at i ons  
and unc onf i ned c ompr es s i v e s t r engt hs  obt ai ned.
The t es t ed ( f l awed)  s pec i mens  wer e t hen cur ed 
under  bot h humi d and dr y  c ondi t i ons  f or  addi t i o ­
nal  per i ods  r angi ng f r om 7 t o 100 days.  The 
s t r es s / s t r a i n r el at i ons  and unc onf i ned c ompr es ­
s i v e s t r engt h wer e agai n meas ur ed.  A s et  of  
c ont r ol  s pec i mens  wer e al s o c ur ed f or  14 t o 156

days,  t hei r  c as t i ng ages  bei ng t he s ame as t hat  
of  t he f l awed spec i mens .  However ,  t hey  wer e 
c ur ed c ont i nuous l y  f or  per i ods  equal  t o t he sum 
of  t he i ni t i al  and addi t i onal  c ur i ng per i ods  of  
t he f l awed mat er i al s .  Thes e s pec i mens  wer e t es ­
t ed and t he av er age r es ul t  of  t hr ee s pec i men 
t ak en as i n t he case of  f l awed spec i mens .

The aut ogenous  heal i ng as al r eady  def i ned was  
t hen c al c ul at ed f r om t he expr ess i on:

U -  U 
H = — --- - - -  x  ] 00%

U2 '  Uo

The r es ul t s  of  t he t es t s  ar e r epr es ent ed i n bot h 
t abul ar  and gr aphi c al  f or ms.  Tabl es  I I I  and I V 
s how t he per c ent age heal i ng v al ues  c al c ul at ed 
f r om t he v ar i ous  s t r engt hs  obt ai ned.  Fi gur e 2 
gi ves  t y pi c al  s t r es s / s t r ai n r el at i on of  f l awed 
and unf l awed spec i mens .  The r e l at i ons hi p bet ween 
heal i ng and i ni t i al  c ur i ng and t hat  of  heal i ng 
and t ype and l evel s  of  s t abi l i z at i on as wel l  as 
c ur i ng c ondi t i ons  ar e por t r ay ed i n Fi gs.  3 t o
5.

TABLE I I I

Aut ogenous  Heal i ng i n a St abi l i z ed Soi l  Cur ed under  
Dr y  Condi t i ons

St abi l i z at i on Agent

Cur i ng Per i od 
( Days)

H =

Li me 

U 1 -  ° o
H =

Cement

U n -  U 
1  o

x  1 0 0 %

U 2 -  Uo

A J. UU o
-  U

2 o

I ni t i al
Af t er
Fl awi ng

4% 6% 8% 4% 6% 8%

7 7 1 2 . 6 7 1 7 . , 1 4 2 3 . 0 7 - 6 . 6 6 - 4 . 0 0 9 . 4 1

14 3 8 . 0 0 2 3 . , 8 5 4 2 .  5 0 8 . 0 0 1 5 . 2 9 1 1 . 7 2

2 8 4 3 . 5 0 5 0 . , 4 3 4 8 .  5 7 2 3 . 0 0 4 8 .  4 6 4 6 .  6 7

5 6 5 0 .  4 0 6 2 . . 1 8 6 1 .  4 2 3 8 . 6 7 7 7 . 9 4 3 9 . 1 3

1 0 0 6 1 . 9 3 7 5 . . 1 1 4 3 . 9 4 3 5 . 8 9 8 2 .  3 5 4 0 .  7 0

1 4 7 - 1 1 0 . 0 0 - 1 3 3 . , 3 3 - 3 6 6 . 6 7 - 3 9 0 . 0 0 - 1 3 7 . 1 4 - 1 1 3 . 3 3

1 4 -  1 1 . 4 0 -  2 5 . . 4 5 -  8 2 . 2 2 -  2 2 . 2 2 -  4 3 . 3 3 -  4 3 . 0 0

2 8 1 8 . 1 8 -  4 . . 2 1 -  2 0 . 0 0 -  6 . 6 7 -  1 0 . 0 0 -  1 0 . 4 7

5 6 4 8 . 0 0 1 0 . 6 7 7 .  9 0 9 .  2 3 4 .  3 8 5 . 0 0

1 0 0 6 9 .  2 8 1 3 . , 8 4 1 5 .  5 1 1 7 . 6 4 5 .  7 7 4 . 9  2,

2 8 7 - 3 8 0 . 0 0 - 3 1 6 . , 0 0 - 2 8 3 . 3 3 - 2 2 8 . 0 0 - 6 3 0 . 0 0 - 4 0 5 . 0 0

1 4 - 1 3 0 . 0 0 - 1 8 7 . . 5 - 1 1 0 . 0 0 - 2 1 3 . 3 3 - 2 9 7 . 5 0 - 1 9 2 . 8 6

2 8 -  3 3 . 3 3 - 1 0 7 . 6 9 -  5 4 . 7 4 - 1 0 0 . 0 0 - 1 8 1 . 6 7 - 1 0 1 . 8 2

5 6 -  1 5 . 2 9 -  5 1 . . 8 1 -  8 . 5 0 -  4 5 . 0 0 -  7 9 . 2 0 -  2 1 . 2 5

1 0 0 -  2 1 . 8 1 -  1 8 . . 1 8 -  2 . 4 -  3 3 . 8 4 4 7 .  4 3 -  2 1 . 1 8

5 6 7 - 6  8 0 . 0 0 - 1 5 5 0 . , 0 0 - 5 0 0 . 0 0 - 8 5 3 . 3 3 - 1 3 4 6 . 6 7 - 4 0 6 . 6 7

1 4 - 4 2 0 . 0 0 - 5 1 6 . , 6 7 - 1 8 5 . 3 3 - 5 0 0 . 0 0 - 6 6 3 . 3 3 - 2 4 2 . 2 2

2 8 - 1 5 0 . 0 0 - 3 3 3 . . 3 3 - 1 2 2 . 8 6 - 3 0 2 . 5 0 - 2 9 8 . 1 8 - 1 9 2 . 7 3

5 6 -  5 3 . 3 3 - 1 4 8 . . 0 0 -  7 7 . 4 2 - 1 7 3 . 8 4 - 1 8 0 . 0 0 - 1 3 2 . 4 1

1 0 0 -  2 4 . 7 0 - 1 1 1 . . 1 1 -  5 1 . 1 8 - 1 1 7 . 7 8 - 1 0 3 . 7 0 - 1 0 6 . 9 7

4 3 - 0 1 7 1 2 9 6 73
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F i g .

TABXj E I V

A u t o g e n o u s  H e a l i n g  i n  a  S t a b i l i z e d  S o i l  C u r e d  u n d e r  H u m i d

C o n d i t i o n s

S t a b i l i z i n g  A g e n t

C u r i n g P e r i o d L i m e C e m e n t

( D a y s )

H = U 1  "  U o  x 1 0 0 H =

U n -  U 
1  o 1 0 0

U 2 -  U o 2 O

I n i t i a l
A f t e r

F l a w i n g
4% 6% 8% 4% 6% 8%

7 7 1 5 . 2 1 1 8 .  8 8 2 6 . 2 5 6 . 8 5 1 0 . 0 0 2 2 .  2 2

1 4 4 6 . 6 6 3 1 .  4 3 5 8 .  3 3 1 6 . 0 0 2 4 . 4 4 5 0 . 7 7

2 8 7 1 . 0 0 7 1 . 6 7 7 5 . 9 1 6 1 . 9 0 6 0 .  6 9 7 2 .  3 0

5 6 8 4 . 6 7 8 7 .  7 8 8 5 . 6 3 6 6 .  3 1 7 2 . 2 7 8 1 .  6 1

1 0 0 9 4 . 0 0 9 7 .  2 0 8 7 . 2 5 8 6 .  6 7 8 6 .  4 4 8 7 . 2 5

1 4 7 - 8 . 0 0 - 9 6 . 0 0 - 9 7 . 5 0 - 3 0 0 . 0 0 - 2 2 3 . 3 3 - 1 7 2 . 5 0

14 - 6 . 6 7 - 4 6 . 0 0 9 . 0 0 -  5 4 . 0 0 -  5 0 . 0 0 -  3 5 . 0 0

2 8 4 6 . 6 7 3 2 . 2 2 2 8 .  7 5 1 1 .  7 6 1 2 . 7 3 3 0 .  6 7

5 6 6 9 . 6 0 6 3 .  4 5 5 8 . 3 3 1 1 . 1 1 2 2 . 2 9 6 1 . 6 7

1 0 0 8 4 . 5 7 7 9 .  1 1 4 9 . 4 1 2 1 . 6 2 4 2 . 0 0 7 2 . 8 1

2 8 7 - 2 9 0 . 0 0 - 4 0 4 . 0 0 - 3 0 5 . 0 0 - 3 8 0 . 0 0 - 5 0 8 . 0 0 - 3 7 5 . 0 0

1 4 - 1 8 6 . 6 7 - 1 9 2 . 5 - 1 6 0 . 0 0 - 1 8 2 . 8 5 - 1 8 6 . 0 0 - 1 6 4 . 2 9

2 8 -  9 6 . 3 6 -  4 2 . 6 7 -  2 7 . 2 7 - 1 0 9 . 0 9 - 1 0 0 . 0 0 -  4 1 . 8 2

5 6 -  4 6 . 3 1 -  2 1 . 7 6 -  3 4 . 0 0 -  4 0 . 0 0 -  4 3 . 5 7 2 2 . 6 3

1 0 0 -  2 5 . 0 0 -  4 8 . 7 8 -  5 3 . 5 7 -  1 3 . 7 9 -  1 5 . 1 2 3 8 .  4 3

5 6 7 - 7 8 6 . 6 7 - 1 7 1 0 . 0 0 - 7 8 6 . 6 7 - 7 0 5 . 0 0 - 1 3 0 6 . 6 7 - 8 9 6 . 6 7

1 4 - 4 6 0 . 0 0 -  7 7 0 . 0 0 - 4 3 6 . 0 0 - 4 6 0 . 0 0 -  6 3 6 . 6 7 - 5 0 0 . 0 0

2 8 - 2 7 5 . 0 0 -  3 2 7 . 5 - 2 1 7 . 7 ? - 2 9 5 . 5 6 -  3 3 0 . 9 0 - 2 8 6 . 2 5

5 6 - 1 2 0 . 0 0 -  6 2 . 2 2 - 1 2 1 . 5 4 - 1 4 1 . 3 8 -  1 6 6 . 0 0 - 1 4 0 . 7 7

1 0 0 -  8 6 . 6 7 -  1 8 . 8 2 -  6 0 . 0 0 - 1 1 7 . 0 0 -  1 0 4 . 1 3 -  8 0 . 0 0

P « rc « n ta g e  s t r a in

C u r in g  P e r io d  ( d a y s )

2 :  T y p i c a l  s t r e s s - s t r a i n  c u r v e s  f o r  t h e  

l i m e  s t a b i l i z e d  s o i l . i g. 3:  Rel at i ons hi p of  unc onf i ned c ompr es s i v e 
s t r engt h and c ur i ng per i od of  f l awed 
s pec i mens  i ni t i al l y  c ur ed f or  7 days.
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6 V . LEVEL OF STABILIZATION

CEMENT STABILIZATION SPECIMEN 

DRY CURING C O N D IT IO N

HUMID CURING C O N D I T I O N ------

LIM E STABILISATION SPECIMEN —

~2o i s 5U-
C u rin g  P e r io d (d a y s )

8 V. LEV E L OF STABILIZATION

LEG END

HUMID CURING C O N D IT IO N -------

DRV CURING CONDITION -------

CE M E N T ST A B IL IZED SPECIMEN 

LIM E  S TA B IL IZE D  S PE C IM E N  -

4 0  60 80

C u rin g  P e r io d  (d a y s )

Fi g . 4:  Rel at i ons hi p of  unc onf i ned c ompr es s i v e 
s t r engt h and c ur i ng per i od of  f l awed 
s pec i mens  i ni t i al l y  c ur ed f or  14 days

Fi g.  5:  Rel at i ons hi p of  unconf i r med c ompr es s i v e 
s t r engt h and c ur i ng per i od of  f l awed 
spec i mens  i ni t i al l y  cur ed f or  56 days

DI SCUSSI ON

Four  f ac t or s  af f ec t i ng aut ogenous  heal i ng i n 
l i me and c i ment  s t abi l i z ed bas es  ar e i dent i f i ed 
and c ons i der ed i n t he di s c us s i on.  Thes e ar e 
i ni t i al  c ur i ng per i od of  t he s t abi l i z ed soi l  be ­
f or e i nduc ement  of  f l aws;  l engt h of  c ur i ng 
per i od af t er  f l aws hav e been i nduced;  c ur i ng c on ­
di t i ons  and t ype as wel l  as l evel s  of  s t abi l i ­
s i ng agent .

Cons i der i ng Tabl es  I I I  and I V t oget her  i t  c an be 
obs er v ed t hat  aut ogenous  heal i ng f or  bot h l i me 
and c ement  s t abi l i z ed soi l s  i s c ons i der abl e f or  
s pec i mens  c ur ed f or  s hor t er  per i ods  bef or e f l aws 
wer e i nduced.  For  exampl e,  hi gher  per c ent age 
heal i ng oc c ur r ed i n t he s pec i mens  i ni t i al l y  
c ur ed f or  7 day s  as c ompar ed t o t hose c ur ed f or
14 t o 56 days.  Thi s  may  be ex pl ai ned by  t he 
f ac t  t hat  t he maj or  c hemi c al  r eac t i ons ,  hy dr ol y ­
s i s and hy dr at i on,  of  t he bi nder s  oc c ur  dur i ng 
t he ear l i er  c ur i ng per i ods  of  l i me and c ement  
s t abi l i z at i on and t her ef or e c r acks  dev el opi ng i n 
t he s t abi l i z ed mat er i al  hav e gr eat er  c hanc e of  
bei ng heal ed wi t h t he r eac t i on pr oduc t s .  I t  can 
f ur t her  be obs er v ed i n Tabl es  I I I  and I V t hat  
mos t  of  t he s pec i mens  cur ed bey ond 7 day s  r egi s ­
t er ed negat i v e per c ent age heal i ng.  Thi s  i s 
par t l y  due t o hi gh degr ee of  br i t t l enes s  ex hi b i ­
t ed by  t he s pec i mens ,  as shown i n Fi g . 2,  whi c h 
caused wi der  c r acks  t o be dev el oped i n t hose 
spec i mens .  Ev i dent l y ,  as t he i ni t i al  c ur i ng 
per i od i nc r eas ed t he per c ent age heal i ng decr eased.

Agai n,  as wou l d  be ex pec t ed t he aut ogenous  hea l ­
i ng i mpr ov ed wi t h i nc r eas e i n t he c ur i ng per i od 
af t er  t he f l aws have been i nduced.  Thi s  i s a 
gener al  t r end i n t he s t udy.  Ther e wer e f ew 
ex c ept i ons  wher e s hor t er  c ur i ng per i ods ,  af t er  
i nduc i ng f l aws  i n t he spec i mens ,  gav e hi gher  
per c ent age heal i ng.  I t  can be sai d t her ef or e 
t hat  t he amount  of  aut ogenous  heal i ng i nc r eas ed

wi t h per i ods  of  cur i nq af t er  f l aws hav e been 
i nduc ed.

Of  t he t wo c ur i nj  c ondi t i ons ,  dr y  and hur i a,  t he 
humi d c ondi t i on pr ov ed f av our abl e f or  t he heal ­
i ng pr oc es s  as i ndi c at ed i n Fi gs . 3 t o 5.  The 
humi d c ondi t i on enhanc ed r api d f or mat i on of  
r eac t i on pr oduc t s  whi c h hel ped t he heal i ng p r o ­
cess.  Under  t he dr y  c ondi t i on,  t he s pec i mens  
bec ame dr i er  and as a r es ul t  t he def i c i enc y  i n 
moi s t ur e adv er s el y  af f ec t ed t he f or mat i on of  
r eac t i on pr oduc t s  whi c h was  nec es s ar y  i n t he 
heal i ng pr ocess .  Les s er  degr ee of  heal i ng t her e ­
f or e oc c ur r ed dur i ng t he dr y  c ur i ng condi t i on.

I t  appear s  f r om t he s t udy  t hat  t he heal i ng 
ef f ec t  i s s l i ght l y  mor e pr onounc ed i n t he l i me 
s t abi l i z ed soi l  t han i n t he c ement  one.  Thi s  
can be par t l y  ex pl ai ned by t he par t i c l e s i z e 
d i s t r i but i on of  t he soi l  as  s hown i n Fi g. l  and 
by  t he i ndex  pr oper t i es  as s hown i n Tabl e I .  I t  
can be s een f r om Fi g. l  t hat  t he soi l  c ont ai ns  
hi gh pr opor t i on of  f i nes.  Wi t h a l i qui d l i mi t  
of  48. 30 and pl as t i c i t y  i ndex  of  18. 40,  i t  wi l l  
pl ot  as an MI  soi l  on t he Cas s agr ande soi l  
c l as s i f i c at i on char t .  Suc h a soi l  wi l l  r es pond 
bet t er  t o l i me t han t o c ement  s t abi l i z at i on.

Anot her  ex pl anat i on can be f ound f or  t he c ompa ­
r at i v el y  bet t er  per f or manc e of  t he l i me,  i n t he 
hy dr at i on pr oc es s es  of  l i me and cement .  Wher eas  
hy dr at i on i s r api d i n c ement ,  i t  i s s l ow i n l i me 
and t her ef or e t her e i s a good chance of  av a i l a ­
b i l i t y  of  unr eac t ed l i me f or  t he heal i ng pr oc es s  
t o pr oc eed wi t hi n t he c ur i ng per i od.

The ef f ec t  of  t he l evel  of  s t abi l i z at i on on t he 
heal i ng pr oc es s  i s mor e mar k ed i n s pec i mens  
cur ed under  t he humi d c ondi t i on t han t he dr y.  
Thi s  t r end i s pr onounc ed par t i c ul ar l y  i n t he 
c ement  s t abi l i z ed spec i mens.

675



12/21

I t  can be i nf er r ed f r om t he s t udy  t hat  when a 
l i me and c ement  s t abi l i z ed l ayer  i s over  
s t r es s ed t o f ai l ur e af t er  14 day s  i ni t i al  cur i ng,  
heal i ng wi l l  be di f f i c ul t .  I n f act ,  t her e wi l l  
be dr as t i c  det er i or at i on of  t he l ayer  as i ndi ­
c at ed by  hi gh negat i v e per c ent age heal i ng shown 
i n Tabl es  I I I  and I V.  I n c ons t r uc t i ng r oads  
wi t h s t abi l i z ed soi l ,  newl y  l ai d s ub- bas es  and 
bas es  c oul d be opened t o l i ght  t r af f i c  s i nc e any  
f l aws i nduc ed i s l i kel y  t o be r es t or ed by  t he 
aut ogenous  heal i ng pr ocess .  Fut ur e wor k  may  
hav e t o be c onc ent r at ed on det er mi ni ng c r i t i c al  
per i ods  f or  i ni t i al  c ur i ng and s t r es s  i nt ens i ­
t i es t hat  wi l l  pr omot e adequat e heal i ng.

CONCLUSI ON

Thi s  s t udy  has  at t empt ed t o def i ne aut ogenous  
heal i ng i n l i me and c ement  s t abi l i z ed s oi l s  and 
has  pr ov i ded an ex pr es s i on f or  aut ogenous  heal ­
i ng t o f ac i l i t at e i t s cal cul at i on.

Four  f ac t or s  af f ec t i ng t he heal i ng pr oc es s  wer e 
i dent i f i ed i n t hi s  s t udy.  I t  was  f ound t hat  t he 
i ni t i al  c ur i ng per i od i s c r uc i al  t o t he heal i ng 
pot ent i a l  of  t he s t abi l i z ed soi l .  As  t he i ni t i al  
c ur i ng per i od i nc r eas es  t he per c ent age heal i ng 
dec r eas es .  However ,  af t er  t he f l aw has  been i n ­
duced,  t he amount  of  aut ogenous  heal i ng i ncr eases 
wi t h i nc r eas e i n c ur i ng per i od.  Agai n,  i t  was  
f ound t hat  aut ogenous  heal i ng i s enhanc ed by  
humi d c ur i ng c ondi t i on and by hi gh l evel  of  
s t abi l i z at i on es pec i al l y  i n cement .

I t  i s i nf er r ed f r om t hi s  s t udy  t hat  aut ogenous  
heal i ng wi l l  be d i f f i c u l t  t o oc c ur  wher e a l i me 
or  c ement  s t abi l i z ed soi l  l ayer  c ur ed bey ond 14 
days  has been ov er  s t r es s ed t o f ai l ur e.  However ,  
l i ght  t r af f i c  c oul d be al l owed wi t h i n 7 day s  of  
l ay i ng a l i me or  c ement  s t abi l i z ed s ub- bas e or  
bas e wi t hout  danger  of  s t r engt h r ec ov er y  l at er .
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