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S U M M A R Y

T hough cons ide rable  progress  has  been made  in e xplaining 

the  me chanis m o f s we lling in soils , there  is no  s atis factory me thod 

for  pre dicting the  s we lling characte r is tics . In  this  pape r  a me thod 

is e volve d for  this  purpos e  in te rms  o f s hr inkage  inde x a nd swell 

activity. T he  range  o f wate r  conte nt be twe en the  liquid  limit  

and s hr inkage  limit , which is a n impor tan t me as ure  o f volume  

change  is calle d the s hr inkage  inde x. T he  swe ll activity is 

de fined as the  change  in s hr inkage  inde x  divide d by the  corre 

s ponding change  in c lay  frac tion.

A  num be r  o f soils , both na tura l and ar tific ia lly  pre pare d, have  

been succe ss fully class ified as hav ing low, me dium, h igh, or  very 

high  swe lling pote n tia l by me ans  o f s hr inkage  inde x values . It  

is fur the r  s hown tha t the  qua lita t ive  as we ll as quantita tive  

e valua t ion o f the  swe ll characte r is tics  o f a compacte d expans ive  

soil is poss ible  by the  use o f shinkage  index.

S O M M A IR E

Quoique  de  cons idérable s  progrès  aient été réalis és  en a ppro 

fondis s ant le  mécanisme  du gonfle me nt des sols , aucune  mé thode  

n'a  pu c la ire me nt prédire  les caractér is tique s  du  gonfleme nt. 

Da ns  ce t ar ticle  une  mé thode  e m ploy ant  l ’indice  de  re trait de  

l’argile  et l’activité  du  gonfle me nt est e xpliquée . La  var ia t ion de 

la  teneur  en e au entre  le seuil du  liquide  e t ce lui du  re trait , 

me sure  impor tante  dans  le change me nt de  volume , se nom me  

indice  de  re trait. L'ac tivité  de gonfle me nt est définie  c omm e  le 

change me nt de  l’indice  de  re tra it  divis é par  le change me nt cor re 

s ponda nt  de la frac t ion argileuse .

De s  échant illons  de sols , nature ls  e t préparés  a r tificie lle me nt, 

on t  été class ifiés  avec succès  avec un  pote ntie l de  gonfle me nt bas , 

moye n, élevé ou très élevé, en utilis ant des  vale urs  d ’indice  de 

re trait . Il est dé montré  que  l’éva lua tion qua lita t ive  et quantita tive  

des propriétés  de gonfle me nt d ’un sol c ompac t  e xpans ible  est 

poss ible  par  l’e mplo i de l’indice  de re trait.

d u r i n g  t h e  p a s t  f e w  y e a r s  n u m e r o u s  s tudie s  ha ve  be e n 

c o nd u c te d  to  inve s t iga te  the  s w e lling  c har a c te r is t ic s  o f  c o m 

pa c te d  e x pa ns ive  soils . T h e  p r o b le m  o f id e n t ify in g  thos e  

s o ils  w h ic h  a r e  lik e ly  to  poss e ss  und e s ir a b le  e x pa ns ive  

cha ra c te r is t ic s  has  n o t  m e t  w it h  a n y  c o ns id e r a b le  p rogre s s , 

howe ve r , be caus e  o f  the  lim ite d  u n d e r s ta n d in g  o f  the  n u m e r 

ous  c o m p le x  fa c to rs  inv o lve d .

H o lt z  a n d  G ib b s  (1 9 5 6 )  ha ve  m a de  a n  e x te ns ive  s tud y  o f 

th is  p r o b le m  a n d  r e c o m m e n d e d  a n  e m p ir ic a l m e t h o d  fo r  

b o th  id e n t ify in g  a n d  p r e d ic t in g  the  e x pa ns ive  c ha r ac te r is t ics  

o f  c o m p a c t e d  c lays . T h e  m e th o d  is  bas e d o n  the  m e a s ur e d 

e x p a ns ion  o f s oils  fr o m  the  a ir - dry  to  the  s a t ur a te d  c o n d i 

t io n , c la y  fr a c t io n , p la s t ic ity  ind e x , a n d  s o o n . T he  v o lu m e 

n o m e t e r  m e t h o d  o f e s t im a t in g  the  p o te n t ia l e x pans ive ne s s  

o f  the  s oil (B r u ijin ,  1 9 6 1 ) is  bas e d o n  the  in it ia l m o is tu r e  

c o nt e nt , m o is tu r e  c o nt e n t  c ha nge s  gove r ne d  by  the  p e r m e a 

b ility  c har a c te r is t ic s , a n d  the  b o u n d a r y  c o n d it io n s  o f  the  

s o il body . T h e  d o u b le  oe d o m e t e r  te s t (Je n n in g s  a n d  K n ig h t ,  

1 9 5 8 ) fo r  e s t im a t in g  the  he ave  o f  a  s t r uc tur e  is  bas e d o n  

the  de g re e  o f  de s s ic a t ion , the  a c t iv ity  o f  the  s oil, o v e r bu r d e n , 

a n d  a p p lie d  lo a d in g . Se e d, et al. (1 9 6 2 )  ha ve  e x te nde d  the  

s tudy , c o n d u c t in g  a  n u m b e r  o f  te s ts  o n  a r t ific ia l s oils  p r e 

p a r e d  by  m ix in g  c o m m e r c ia lly  a v a ila b le  c la y  m in e r a ls  w ith  

d iffe r e n t  p r o p o r t io n s  o f  s a nd. A  w e ll- de fine d r e la t io ns h ip  

was  e s ta blis he d be twe e n the  c la y  fr a c t io n , a c t iv ity  o f  the  

s o il, a n d  s w e lling  p o te n t ia l (d e fin e d  as  the  pe rc e nta ge  o f 

s w e ll un d e r  a  l- ps i s ur c h a r ge  o f  a  s a m p le  c o m p a c t e d  at 

o p t im u m  m o is tu r e  c o nt e n t  to  m a x im u m  dr y  de ns ity  in  the  

s ta nd a r d  A A S H O  c o m p a c t io n  te s t ) . A  s im plifie d  m e th o d

fo r  the  p r e d ic t io n  o f  s w e lling  p o te n t ia l bas e d on  the  p la s t ic ity  

inde x  give s  va lue s  w it h in  ±  33 pe r  c e nt  e r ro r .

It  c a n  be  e as ily  d is c e r ne d  fr o m  th is  r e v ie w  th a t  m o s t  o f 

the  a ppr o a c h e s  a re  e m p ir ic a l in  th a t  the y  a r e  u nr e la t e d  to 

th e  phy s ic s  o f  the  p r o b le m . A  log ic a l p a r a m e te r  fo r  c o r r e 

la t io n  w ith  the  s w e lling  p o te n t ia l w o u ld  be  the  s h r inka ge  

inde x — the  r a ng e  o f  w a te r  c o nt e n t  be twe e n the  liq u id  lim it  

a n d  the  s h r ink a ge  lim it — fo r  th is  is  a  d ir e c t  m e a s ur e  o f 

v o lu m e  c h a n g e  o f  s ign ific a nc e  in e n g in e e r in g  p r a c t ic e . A  

ne w  m e th o d  pr e s e nte d  in  th is  p a p e r  fo r  p r e d ic t in g  the  s w e ll

in g  p o te n t ia l o f  a  c o m p a c te d  e x pa ns ive  s oil is  thus  bas e d on  

the  s h r inka ge  inde x . T h e  m e th o d  is  de v e lop e d  o n  the  bas is  

o f  te s t re s ults  on  b la c k  c o t to n  s oils , c o n d u c t e d  by  the  a uth o r s , 

as  w e ll as  thos e  r e po r te d  by  Se e d, e t al. (1 9 6 2 ) .

s c o p e  o f  t h e  i n v e s t i g a t i o n

T h e  e ffor ts  o f  the  p r e s e nt  e x p e r im e n ta l inv e s t ig a t io n  are  

c o nc e n tr a te d  o n  the  d e te r m in a t io n  o f  s we ll c har a c te r is t ic s  

o f  b la c k  c o t t o n  s o ils  o b ta in e d  fr o m  d iffe r e n t  tr ac ts  in  

s outh e r n  In d ia .  T h e  p r ope r t ie s  o f  the s e  s oils  a re  r e po r te d  

in  T a b le  I w h ic h  s hows  th a t  a  go od  r a nge  o f fre e  s we ll 

is  cove r e d. Als o  s how n  in  the  s a me  ta b le  a re  the  va lue s  o f 

the  s w e lling  p o te n t ia l c a lc u la te d  by  the  e m p ir ic a l m e th ods  

o f Se e d, et al. T he  d iffe r e nc e  (3 0  to  65  pe r  c e n t )  be twe e n 

the  e x p e r im e n ta l a n d  the  c a lc u la te d  va lue s  is  c ons ide r a b le . 

T h is  e xce e ds  the  lim its  ( ±  33 pe r  c e n t )  c la im e d  by the  

a u th o r s  the r e by  in d ic a t in g  the  ne ce s s ity  fo r  a  m o r e  r a t io na l 

a p p r oa c h .
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T AB L Ií I .  P ROP IÍK T IE S  O F  T H  E  S O IL S  1N V KST  IG  AT  KI)

Prope r tie s Soil A Soil B Soil C Soil D

Liqu id  lim it 5 4 .4 4 9 .5 6 9 .6 74 .4
P las tic  lim it 2 4 .7 2 0 .2 3 9 .2 3 7 .8
P las t ic ity  inde x 2 9 .7 2 9 .3 3 0 .4 3 6 .6
Shr inkage  lim it  (pe r  ce nt) 8 .0 10 .9 12 .4 13.2
Cla y  c onte nt (pe r ce nt) 28 15 18 38
Op t im u m  mois ture

c onte nt  (pe r  ce nt) 15 12 .6 25 20
Ma x . d r y  de ns ity

(Ibs / cu. ft .) 112.5 117 9 8 .5 105.0
Free  swell (pe r  ce nt) 133.5 126 193 209
Shr inkage  index 4 6.4 3 8 .6 5 7 .2 6 1 .2
Swe lling pote n tia l

Expe r ime nta l 14.9 11 17.2 2 0 .2
Empir ic a l* 6 .4 3 5 .4 6 .0 4 1 2.8

Err or  (pe r  ce nt) 57 51 65 37
Em p ir ic a lf 8 7 .9 9 .5 14

Err or  (pe r  ce nt) 47 30 45 30

•Ca lcula te d by  the  r e la t ions hip  (Seed, et al., 1962) S P  =  3.6 X 
10"5 X  A i w X  C3 «.

fCalc ula te d  by  the  r e la t ions hip (Seed, et al., 1962) S P  = 

K .  60 . (/>/)*■«.

S H R I N K A G E  I N D E X

I t  is  w e ll k n o w n  t h a t  m a n y  p la s t ic  c la y s  u n d e r  ze r o  c o n 

f in in g  p re s s ur e  w ill im b ib e  w a t e r  u n t il th e y  r e a c h  a n  e q u i 

l ib r iu m  w a te r  c o nt e n t  a p p r o x im a t in g  the  liq u id  lim it . T h is  

is  a ls o  c o r r o b o r a te d  by  the  le s t r e s ults  s h o w n in  F ig . 1. By

L iq u id  l im i t  %

f i g . 1. Re la tions hip  be twe en liquid 

lim it  a nd  e qu ilib r ium  wate r  conte nt 

unde r  ze ro confining pressure.

t h e  ve r y  d e fin it io n , the r e  w ill n o t  be  a ny  de c r e a s e  in  v o lu m e  

o n  d r y in g  the  s o il b e lo w  the  s h r in k a g e  lim it .  Ob v io u s ly  

the s e  fo r m  the  u p p e r  a n d  lo w e r  lim its  o f  v o lu m e  c ha nge s , 

t h e  lo w e r  lim it  (s h r in k a g e  lim it )  b e lo w  w h ic h  the r e  is  n o  

de cr e as e  in  v o lu m e  o n  d r y in g , a n d  the  up p e r  lim it  ( liq u id  

l im it )  a b ov e  w h ic h  s oils  a r e  n o t  ge n e r a lly  m e t  in  c iv il 

e n g in e e r in g  p r a c t ic e . T h e  r a ng e  o f  w a t e r  c o nt e n t  be twe e n 

the s e  tw o  lim it s , c a lle d  s h r in k a g e  ind e x , is  th us  c o ns ide r e d  

a p p r o p r ia te  fo r  the  p r e d ic t io n  o f  v o lu m e  c h a n g e  c h a r a c 

t e r is tics .

S W E L L  A C T IV IT Y  

T h e  p o te n t ia l e x pa ns ive ne s s  de pe nds  o n  m a n y  fa c to r s , the  

m o s t  im p o r t a n t  b e in g  the  ty pe  a n d  a m o u n t  o f  c la y  fr a c t io n  

o f  the  s oil. T h e  s h r in k a g e  ind e x  is  a lr e a dy  s h o w n to  be  

a n o t h e r  im p o r t a n t  fa c t o r . F o r  a ll the  a r t ific ia lly  p r e pa r e d  

s oils  (Se e d , et al., 1 9 6 2 ) Ih e  c la y  fr a c t io n  is  p lo t te d  a g a ins t  

th e  s h r in k a g e  in d e x  in  F ig . 2 . It  w ill be  s e e n th a t  the  po in ts  

de fine  a  s e r ies  o f  s t r a igh t  line s  r e la t in g  s h r in k a g e  ind e x  to

f i g .  2. Re la tions hip  be twe en s hr inkage  inde x  a nd 

c lay  fr ac tion .

c la y  fr a c t io n . T h e  s lope  o f  lin e  is  de fine d  as  the  s we ll a c t iv it y  

o f  the  s o il w h ic h  c a n  be  e x pre s s e d as : Sw e ll a c t iv ity  ( S A )  =  

C h a n g e  in  s h r ink a g e  in d e x / C o r r e s p o n d in g  c h a ng e  in  c la y  

fr a c t io n  =  a ( S I) / a C.

R E L A T IO N S H IP  B E T W E E N  S W E L L  A C T IV IT Y ,  C L A Y  F R A C T IO N ,  

A N D  S W E L L IN G  P O T E N T IA L  

As  a lr e a dy  e s ta b lis he d  (Se e d , et al., 1 9 6 2 ),  the  a m o u n t  

o f  s w e lling  p o te n t ia l fo r  a n y  c la y  inc r e as e s  in  a c c o r da n c e  

w it h  th a t  o f  the  c la y  fr a c t io n , w h ic h  w h e n  s ta te d  m a th e 

m a t ic a lly  is

SP  =  K C X ( 1 )

w he r e  S P  is  th e  s w e llin g  p o te n t ia l, C  is  the  c la y  fr a c t io n  

( <  2 / i) ,  x  a n d  K  a r e  c o ns ta n ts  d e p e n d in g  o n  the  ty pe  o f  

c la y . T h e  va lue s  fo r  K  a n d  x  fo r  e a c h  c la y  a r e  d e te r m in e d  by  

p lo t t in g  lo g  SP  v ersus  lo g  C  (s e e  F ig . 3 ) .  T h u s  e q u a t io n  

( 1 ) be com e s

lo g  S P  =  lo g  K  +  x  lo g  C. (2 )

T h e  e x p o ne n t  x  is  de te r m in e d  by  the  s lope  o f  the  line  a n d  

the  c oe ffic ie n t  K  by  the  v a lue  o f  SP  w h e n  C  =  1. It  w as  

obs e r ve d  th a t  x  w o u ld  be  c lo s e  t o  3 .4 4  fo r  a n y  ty pe  o f  c la y  

a n d  the  c oe ffic ie n t  K  is  the  o n ly  fa c to r  d iffe r e n t ia t in g  o ne  

fr o m  the  o th e r  w h ic h  is  a  c ha r a c te r is t ic  in d e x  o f  the  s w e lling  

p o te n t ia l o f  a n y  g iv e n  ty p e  o f  c la y . T h e  va lue s  (Se e d  et al.,  

1 9 6 2 ) o f  K  s o d e te r m in e d  a r e  r e po r te d  in  T a b le  II.

T h e  c oe ffic ie n t  K  d iffe r e n t ia t ing  e a c h  ty p e  o f  c la y  is 

be lie ve d to  be  r e la te d  t o  th e  s we ll a c t iv ity  w h ic h  de no te s  the  

e x pa ns ive  c a p a b ility . In  o r d e r  to  see  the  p o s s ib ilit y  o f  s uc h  

a  r e la t io n s h ip , va lue s  o f  K  a re  p lo t t e d  a g a ins t  th e  c o r r e 

s p o n d in g  va lue s  o f  s we ll a c t iv ity  (o b t a in e d  fr o m  F ig . 2  a n d  

r e po r te d  in  T a b le  I I )  in  F ig . 3 on  log- log s ca le . It  w ill be

T AHI.1- : I I .  Y A L L K S  O F  K  A N D  S W E L L  A C T IV IT Y  F O R  

T H Ii  A R T IF IC IA L  S O IL S

K  Swell
T y pe  o f d a y  (afte r  Seed et al.)  a c t iv ity

Be ntonite  152 X  1 0 's 3 .9
1:1 ¡Hite /be ntonite  7X X  10~s 2 .8 4
6:1 ka o lin ite /be ntonite  3 1 .6  X  10- s —
3:1 illite / be ntonite  5 .5  X  10- s 1.29
1:1 illite / ka o lin itc  1.12 X  10"s 0 .6
Kao linite  0 .2 8 X1 0 - * 0 .3
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f i g . 3. Re la tions hip  be twe en coe ffic ie nt K  a nd  swe ll 

ac tivity fo r  e xpe r ime nta l soils .

s e e n t h a t  a  r e la t io n s h ip  o f  the  fo r m

K  =  « ( S A ) *  ( 3 )

c a n  be  e s ta b lis he d  be tw e e n th e  c oe ffic ie n t  K  a n d  the  c o r r e 

s p o n d in g  s we ll a c t iv it y  ( S A )  w h e r e  a, y  a r e  c o ns ta n ts . T h e  

va lue s  o f  a a n d  y  d e fin in g  the  a bo v e  r e la t io n s h ip  a r e  ( fr o m  

F ig . 3 )  4 .5 7  X 10-r> a n d  2 .6 7  r e s pe c t ive ly . T h u s  it  m a y  be  

c o n c lud e d  t h a t  fo r  the  a r t ific ia l s oils  inv e s t iga te d ,

K  =  (4 .5 7  X IQ"“ ) X ( S A ) 2-07. (4 )

f i g . 4, Re la t ions h ip be twe en s we lling pote ntial, 

swe ll ac tivity, a nd c lay  fr ac tion .

9 4

A s  the  s oils  us e d  in  th is  inv e s t ig a t io n  c ove r e d  a  w id e  r a ng e  

o f  c la y  m in e r a ls , it  s e e ms  r e a s o na b le  t o  e x pe c t  th is  to  be  

g e n e r a lly  a p p lic a b le  t o  a ll e x pa ns ive  s o ils  in  a  s a t is fa c to r y  

m a n n e r .

E V A L U A T IO N  O F  S W E L L IN G  P O T E N T IA L

A s  s e e n fr o m  e q u a t io n  ( 1 ) ,  th e  s w e llin g  p o t e n t ia l is  a  

fu n c t io n  o f  c la y  fr a c t io n  a n d  a  c o e ffic ie n t  w h ic h  in  t u r n  is  a  

fu n c t io n  o f  s we ll a c t iv ity . C o m b in in g  e q u a t io n s  ( 1 )  a n d  ( 4 )  

w e  ge t

S P  =  (4 .5 7  X  1 0 - *) X  ( S A )2-07 X  ( C 3-44) .  (5 )

s h o w in g  t h a t  the  e x p a ns io n  c ha r a c te r is t ic s  c a n  b e  q u a n t it a 

t iv e ly  e v a lu a te d  in  te r m s  o f  c la y  fr a c t io n  a n d  the  s we ll 

a c t iv ity . A  fa m ily  o f  c ur ve s  is  d r a w n  in  F ig .  4 , fr o m  w h ic h  

the  s w e lling  p o te n t ia l c a n  be  e v a lua te d  r e a d ily  by  p lo t t in g  

th e  p o s it io n  o f  the  s o il in  the  cur ve s .

U S E  O F  S H R IN K A G E  IN D E X  T O  P R E D IC T  T H E  S W E L L IN G  

P O T E N T IA L

I t  is  s h o w n t h a t  the  s w e lling  p o te n t ia l is  a  fu n c t io n  o f  

c la y  c o n t e n t  a n d  s w e ll a c t iv ity

SP  =  a ( S A )2-«7 X ( C 3-44) .  (5 a )

F r o m  the  d e fin it io n  o f  the  s we ll a c t iv ity ,

S A  =  A ( S I) / A C  (6 )

o r  s we ll a c t iv ity  c a n  a ls o  be  e x pre s s e d as

S A  =  S I /  ( C —n )  (7 )

w h e r e  n  is  th e  in te r c e p t  o f  th e  c u r v e  (F ig .  2 )  o n  the  a x is  

r e pr e s e nt in g  c la y  fr a c t io n , a n d  the  n- value s  v a r y  fr o m  4  t o  

2 2  fo r  the  s o ils  in c lu d e d  in  th e  s t ud y . S u b s t it u t io n  o f  

e q u a t io n  ( 3 )  in  e q u a t io n  ( 5 )  give s

S P  =  a [ S I/ ( C  -  n ) ] 2-GT X C 3-44

=  a ( S I )2C7[ C3-44/ ( C - « ) 2C7]

=  a ( S I ) 2<i7A/ (8 )

in  w h ic h  N  =  C 3-44/ ( C  — n ) 2(i7. T h e  a c c u r a c y  o f  th e  v a lu e  

o f  s w e llin g  p o te n t ia l de pe nd s  o n  the  v a lu e  o f  N  in  e q u a t io n  

(8 ).
V a lu e s  o f  N  c a n  be  r e a d ily  c o m p u te d  fo r  d iffe r e n t  va lue s  

o f  C  a n d  n. A  fa m ily  o f  ‘C—n—N ’ c ur ve s  a r e  s h o w n  in



F ig . 5 , fr o m  w h ic h  the  va lue s  o f  iV c o u ld  be  r e a d  fo r  a ny  

s e t o f  C  a n d  n  va lue s . I t  m a y  be  s e e n th a t  fo r  n  =  13, 

w h ic h  r e pre s e nts  th e  a ve r a ge  v a lu e  fo r  the  s o ils  in c lu d e d  in  

th e  s tu d y , the  v a lu e  o f  N  r a nge s  fr o m  4 5  t o  7 0  (m e a n  

v a lu e  o f  5 7 .5 )  fo r  s o ils  w it h  th e  c la y  fr a c t io n  be tw e e n 3 0  

a n d  7 0 . T h u s  fo r  s oils  w it h  c la y  fr a c t io n  ly in g  in  th is  r a nge , 

a  d ir e c t  r e la t io n s h ip  be twe e n the  s w e llin g  p o te n t ia l a n d  

s h r in k a g e  ind e x  c o u ld  be  e x pre s s e d as

S P  =  (2 6 3  X  10- ®) X ( S I ) 2-*7. (9 )

T h is  g ive s  va lue s  o f  s w e lling  p o te n t ia l a c c u r a te  w it h in  ±  2 2  

pe r  c e nt .

F r o m  the  r e s ults  o f  la b o r a to r y  te s ts  o n  n a t u r a l s oils , a 

v a lu e  o f  9  fo r  N  ha s  be e n  a r r iv e d  a t . T h e  va lue s  o f  s w e lling  

p o te n t ia l c a lc u la te d  o n  th is  bas is  a n d  thos e  e x p e r im e n ta lly  

de te r m in e d  a r e  g ive n  in  T a b le  III .  It  c a n  be  s e e n t h a t  e ve n

T A B L E  I I I .  C O M P A R IS O N  O F  10 X  PI C It  IM  1C N T  A L  A N D  C A L C U L A T E D  

V A L U E S  O F  S W E L L IN G  P O T E N T IA L

Soil type

A B C D

Ex pe r ime nta l value s 14.9 11 17 .2 2 0 .2
Ca lcula te d  by 

s hr inkage  index 
factor 11.7 7 .2 2 0 .2 2 4 .3

Er r o r  (pe r  ce nt) 2 1 .5 34 1 7.5 20

fo r  th e  n a t u r a l s o ils  the  va lue s  o f  s w e llin g  p o t e n t ia l c o u ld  

be  e v a lu a t e d  q u a n t ita t iv e ly  w it h in  ±  3 4  pe r  c e n t . H e n c e  

fo r  n a t u r a l s oils :

S P  =  (4 1 .1 3  X  10- 3) X ( S I ) 2 *7. (9 a )

D IR E C T  R E L A T IO N S H IP  B E T W E E N  S W E L L IN G  P O T E N T IA L  A N D  

S H R IN K A G E  IN D E X  

F ig . 6 s how s  a  r e la t io n s h ip  be twe e n s w e llin g  p o te n t ia l a n d  

s h r in k a g e  in d e x  p lo t t e d  o n  a  log - log  s ca le . It  is  s e e n th a t  

th e  r e la t io ns h ip  fo r  n a t u r a l a n d  a r t ific ia l s o ils  is  s im ila r  b u t  

n o t  id e n t ic a l. It  is  o f  the  fo r m

SP  =  # ( S I) p (1 0 )

f i g . 6. Dir e c t  r e la t ions hip be twe en 

s we lling pote n tia l and shr inkage  index.

w he r e  0  a n d  p  a r e  c ons ta n ts . T h e  c on s t a n t s  e v a lu a t e d  fr o m  

F ig . 6 a r e : fo r  a r t ific ia l s o ils  0  =  1 / 2 5 6  a n d  p  =  2 .3 7 ; 

fo r  n a t u r a l s oils  $  =  1 / 6 .3  a n d  p  =  1 .1 7 . T h is  r e la t io ns h ip  

( E q  1 0 ) is  in  c o n fo r m it y  w it h  th e  r e la t io n s h ip  ( E q  8) 

a r r iv e d  a t  fr o m  s h r in k a g e  ind e x  a n d  s we ll a c t iv ity . A  d ir e c t  

r e la t io n s h ip  be tw e e n s w e lling  p o te n t ia l a n d  s h r inka ge  inde x  

is  t h u s  e s ta b lis he d.

C L A S S IF IC A T IO N  O F  S O IL S  U S IN G  S H R IN K A G E  IN D E X

T o  e n a b le  a  s o il e n g ine e r  t o  id e n t ify  a n d  s po t  a n  e x p a n 

s ive  s o il w h ic h  m ig h t  ne e d fu r th e r  de t a ile d  inv e s t ig a t ion  

r e g a r d in g  th e  s we ll c ha r a c te r is t ic s  u n d e r  a c tu a l fie ld  c o n d i 

t ions , it  is  de s ir a b le  to  e s ta b lis h  a  c la s s ific a t ion  s ys te m bas e d 

o n  s h r in k a g e  inde x .

T a b le  IV  g ive s  the  lim its  o f  the  s h r inka ge  ind e x  fo r  lo w , 

m e d iu m , h ig h , o r  ve r y  h ig h  s w e llin g  po te n t ia l in  a c c o r da n c e  

w ith  the  U S B R  c la s s ific a t ion . U s in g  the s e  lim it s  o f  s h r ink a ge  

ind e x , th ir ty- th re e  o u t  o f  th ir ty- e ight  s oils  (Se e d  et al., 

1 9 6 2 ) ag re e  w it h  the  U S B R  c la s s ific a t io n  (F ig . 7 ) .

T A B L E  IV .  C L A S S IF IC A T IO N  O F  E X P A N S IV E  

S O IL S  W IT H  T H E  S H R IN K A G E  IN D E X  A S  B A S IS

Clas s ification Ra nge  of s hr inkage  inde x

Low 0- 20
Me dium 20- 30
High 30- 60
\  cry high > 6 0

p oposed bo undaries fc  

PC

I '
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f i g . 7 .  Clas s ifica tion o f  expans ive  s oils  bas ed on s hr inkage  inde x.

C O N C L U S IO N S

F r o m  the  d a ta  o n  a r t ific ia l s oils , a  r e la t io n s h ip  is  

o b ta in e d  be tw e e n the  s w e llin g  p o te n t ia l, s h r in k a g e  inde x , 

a n d  s we ll a c t iv ity . It  is  s h o w n  t h a t  by  u s in g  the  s h r inka ge  

ind e x , w h ic h  is  a  r a t io n a l ind e x  fo r  v o lu m e  c ha nge s  o f  c la y s , 

q u a lita t iv e  as  w e ll as  q u a n t ita t iv e  e v a lu a t io n  o f  the  s w e lling  

p o te n t ia l o f  e x pa ns ive  s oils  is  pos s ib le .

A  c la s s ific a t io n  s ys te m ba s e d  s ole ly  o n  the  s h r in k a g e  in 

de x  is  de v e lop e d  fo r  p r e d ic t in g  the  de g re e  o f  s we ll p o te n t ia l.

A m o n g  the  m e th o ds  de v e lop e d  fo r  p r e d ic t in g  the  s w e lling  

p o te n t ia l, the  o n e  n o w  p r o p os e d  pr e d ic ts  va lue s  w h ic h  a r e  

c los e r  t o  the  e x p e r im e n ta l va lue s .
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