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M .A . EL-SO H B Y  P ro fe s s o r o f  S o il M e c h a n ic s  a n d  F o u n d a tio n  E n g in e e r in g , A l-A z h a r  U n iv e rs ity , C a iro , E g yp t

SYNOPSI S The def i ni t i on of  ac t i v i t y  of  soi l s ,  Skenr ot on 1953■  cons i der i ng t he r el at i on ­
shi p bet ween t he pl as t i c i t y  i ndex and t he per cent age of  c l ay  t o y i el d t o a s t r ai ght  l i ne pass i ng 
t hr ough t he or i gi n,  i mpl i es  t hat  t he ac t i v i t y  of  a c l ayey  soi l  depends  onl y  on t he c l ay  mi ner al s  
However ,  i t  has been not ed t hat  f or  some soi l s,  t hi s  l i ne mi ght  not  pass  t hr ough t he or i gi n,  
whi ch emphas i ses  t he nec ess i t y  t o s t udy  t he i nf l uence of  t he coar se gr ai ned f r ac t i on on 
act i v i t y .  I n t hi s  i nves t i gat i on,  f i ve di f f er ent  coar se gr ai ned soi l s  wer e used,  each one 
was mi xed at  di f f er ent  per cent ages  wi t h t he same t ype of  cl ay.  An ac t i v i t y  l i ne was  t r aced 
cor r espondi ng t o each t ype of  coar se gr ai ned soi l .  Thi s  i mpl i es  t hat  t he pr oper t i es  of  
coar se gr ai ned f r ac t i on of  soi l  i nf l uence t he act i v i t y .  A new def i ni t i on of  ac t i v i t y  i s 
r ecommended t o expr ess t he ac t i v i t y  of  soi l ,  i ncor por at i ng t he i nf l uence of  coar se gr ai ned 
f r act i on.

I NTRODUCTI ON

The ac t i v i t y  of  c l ay  as was f i r s t  pr esent ed 
by  Skempt on 1953,  has  been wi del y  used t o 
expr ess  t he t ype of  c l ay  mi ner al s  i n a 
c l ay ey  soi l .  The ac t i v i t y  was denot ed by  A 
and was def i ned as t he r at i o of  t he pl as t i ­
c i t y  i ndex  PI  t o t he per cent age by  wei ght  of  
t he c l ay  f r ac t i on C ( par t i c l es  f i ner  t han
2 u m) .

For  many  c l ays  t he pl ot  of  t he pl as t i c i t y  
i ndex  ver sus  t he c l ay  cont ent  y i el ds  t o a 
s t r ai ght  l i ne pass i ng t hr ough t he or i gi n , 
whi c h i mpl i es  t hat  t he ac t i v i t y  of  a c l ayey  
soi l  depends  onl y  on t he t ype of  c l ay  and i s 
not  af f ec t ed by  t he amount  of  c l ay  or  t he 
coar se gr ai ned f r ac t i on of  soi l  ( par t i c l es  
c oar s er t han  2 um) .  However ,  dev i at i on f r om 
t hese obser vat i ons ,  wer e not ed by di f f er ent  
i nves t i gat or s .  Some of  t hem at t r i but ed t he 
dev i at i on t o t he di f f er ence of  l i qui d l i mi t  
dev i ces  used ( Seed et  al ,  1962)  Fi g. l  , 
ot her s  cons i der ed i t  t o be due t o t he 
pr esence of  coar se par t i c l es  ( Gr i m 1962 and 
Whi t e 1955) .  Or  due t o l ow c l ay  per cent  
( Gr i m et  al  1959 and Seed et  al  a,  b) ,  and 
t he non l i near  r el at i onshi p bet ween pl as t i ­
c i t y  i ndex  and per cent age of  c l ay  ( Nor man 
1958 and Youssef  et  al  1965) .  Ef f ec t  of  
coar se gr ai ned f r ac t i on of  soi l  on ac t i v i t y  
can al so be deduced f r om pr ev i ous  wor ks  
e. g.  Novai s - Fer r ei r a 19&9.  Ranganat ham and 
Sat yanar ayana 1965,  and Rabba 1975.  The 
wor k  descr i bed i n t hi s  paper  i s an at t empt  
t o i nves t i gat e t he i nf l uence of  coar se 
gr ai ned f r ac t i on of  soi l  on t he act i v i t y .

Fi g. l  Ef f ec t  Of  Li qui d Li mi t  Dev i ce Type 
On Ac t i v i t y  ( Af t er  Seed et  al .  , 
1962).

EXPERI MENTAL WORK 

Tes t ed Soi l s

Cl ay  f r ac t i ons < 2 ; nn separ at ed by  hydr omet er  
anal ys i s  wer e mi xed wi t h f i ve di f f er ent  coar se 
gr ai ned s oi l s > 2 p m t o cons i s t  f i ve gr oups of  
soi l s  as f ol l ows :
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Fi g. 2 Gr ai n Si ze Di s t r i but i on of  
Tes t ed Soi l s

Cl ay  + s i l t  ( separ at ed by  hydr omet er  
anal y s i s ) .
Cl ay  + gr ound sand ( passed f r om s i eve 
No.  200) .
Cl ay  + f i ne sand.
Cl ay  + medi um sand.
Cl ay  + uni f or m medi um sand.e)

Eac h soi l  was  mi xed by  di f f er ent  c l ay  per cent ­
ages  t o make di f f er ent  pr epar ed soi l s  gr oups.  
For  each soi l  t he cons i s t ency  l i mi t s  wer e 
det er mi ned accor di ng t o spec i f i cat i ons .
Br i t i sh l i qui d l i mi t s  dev i ces  wer e used.  The 
gr adi ngs  of  cl ay,  s i l t ,  gr ound, f i ne,  medi um 
and uni f or m sands ar e shown i n Fi g. 2.

Exper i ment al  Resul t s

The cons i s t ency  l i mi t s  at  di f f er ent  per c ent ­
ages  of  c l ay  f r ac t i ons  f or  each one of  t he 
f i ve soi l s  gr oups ar e shown i n Fi gs.  3,  4-.
Fr om t hese r esul t s  t he f ol l owi ng poi nt s  can 
be not ed :

a)  The r el at i onshi ps  bet ween PI  and C f or  a 
cer t ai n soi l  i s near l y  a s t r ai ght  l i ne,  
but  i s not  gener al l y  pass i ng t hr ough t he 
or i gi n.  These l i nes i nt er sec t  t he per cent ­
age of  c l ay  ax i s  at  di f f er ent  val ues  of  n 
equal s  -34- ,  - 3,  0,  +8,  +16 cor r espondi ng t o 
t he above f i ve gr oups of  soi l s  r espect i vel y.  
I t  was  not ed t hat  t he v al ues  of  n ar e bi g­
ger  f or  coar se soi l s  and become smal l er  as 
t he soi l s  get  f i ner  unt i l  i t  r eaches -34-  
f or  s i l t - c l ay  soi l s.

b)  Soi l s  hav i ng t he same t ype and amount  of  
c l ay  mi ner al s  may  have di f f er ent  pl as t i c i t y  
i ndi ces i f  t hei r  gr adi ng ar e di f f er ent .

c)  Soi l s  composed of  pur e si l t  par t i c l es  2 urn 
has some pl ast i c i t y .

absor bed wat er  t hat  i s at t r ac t ed t o t he 
sur f aces  of  t he soi l  par t i c l es .  No doubt ,  
t hat  s i l t y  soi l s  have sur f ace ar ea bi gger  
t han t hat  of  sandy  soi l s  and consequent l y  
i t  i s necessar y  f or  such soi l s  t o have 
hi gher  pl as t i c i t y  i ndi ces,  s i mi l ar  r esul t s  
wer e obt ai ned by Novai s  Fer r ei r a f or  f i ne 
and coar se sands mi xed wi t h t he same cl ay.

b ) I t  may  be expec t ed t hat  soi l s  of  f i ne
par t i c l es  as si l t  needs  smal l er  amount  of  
c l ay,  i n or der  t o devel op pl as t i c i t y ,  t han 
t he cor r espondi ng soi l s  wi t h coar se par t ­
i c l es  as sands.  Consequent l y ,  f i ne sand 
wi l l  need smal l er  quant i t y  of  c l ay  t o 
devel op pl as t i c i t y  t han coar se sand.  I t  
f ol l ows  t hat  t he l i nes  r epr esent i ng t he 
r el at i onshi ps  bet ween PI  end C wi l l  not  
gener al l y  pass  t hr ough t he or i gi n.  Fur t her ­
mor e i t  wi l l  be expec t ed t hat  coar se sands 
f or  exampl e need snal l er  amount  of  bent o ­
ni t e,  t o have some pl as t i c i t y  t han t hat  of  
kaol i ni t e.  Thus  i t  becomes c l ear  t hat  t he 
val ue of  n depends  on t wo f act or s.

( i )  Gr adi ng of  par t i c l es  as  i n t he 
pr esent  st udy.

( i i )  Type of  c l ay  mi ner al .  ( Seed et  al  
1962,  and Zachar i as  Be, Ranganat ham
1972) .

c ) I n or der  t o det er mi ne t he ac t i v i t y  of  soi l s  
such as t hose under  our  st udy,  t he ef f ec t  
of  i nt er sept  n must  be t aken i nt o cons i der ­
at i on.  Seed' s  f or mul a wi l l  di spl ace each 
l i ne par al l el  t o i t s or i gi nal  di r ect i on.  
Consequent l y ,  t he di f f er ent  soi l s  cont ai n 
t he same c l ay  wi l l  r emai n t o have di f f er ­
ent  ac t i v i t i es .

Fr om t he abov e, i t  i s ev i dent  t hat  an expr ess ­
i on of  ac t i v i t y  i s r equi r ed.

DI SCUSSI ON OF TEST RESULTS

a ) I t  i s known t hat  t he l i qui d and pl ast i c  
l i mi t s  and consequent l y  t he pl as t i c i t y  
i ndi ces  ar e r el at ed t o t he amount  of  t he

RECOMMENDED FORMULA

Fr om t hi s  i nves t i gat i on and pr ev i ous  wor ks  
t he r el at i onshi ps  l j et ween t he pl as t i c i t y  
i ndi ces  and cor r espondi ng c l ay  per cent ages
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Fi g.  3 Ef f ec t  of  Gr adi ng of  Soi l s  on 
Cons i s t ency  Li mi t s

y i el d t o a s t r ai ght  l i ne, but  not  gener al l y  
pass i ng t hr ough t he or i gi n.  The l i ne i nt er ­
sect s  t he per cent age of  c l ay  ax i s  at  a val ue 
+ n .

Consequent l y ,  t he ac t i v i t y  of  a soi l  can be 
r epr esent ed by  t he f ol l owi ng f or mul a s

PI
A =

c + n l
( see Fi g.  5)

wher e

t hen

n,  = n 100 0. 
1  100 + n

A = PI

C x n 100 -  C

100 + n 

= PI  ( 100 + n)  = PI

100 ( C + n )
( 2 )

‘' E

wher e Gg
100 ( C + n)  ____ , ,

= n n o  = m od lfie d  d a y
+ n;  per cent age

The val ue of  A i s t he nor mal  skempt on coef f i ­
c i ent  f or  t he ac t i v i t y  of  cl ay.  Whi l e t he 
val ue of  n depends mai nl y  on t he coar se gr ai n­
ed f r ac t i on of  t he soi l  par t i c l es  and t he 
i nt er ac t i on bet ween t he c l ay  f r ac t i on and t he 
coar se gr ai ned f r ac t i on i n t he soi l .

I n or der  t o det er mi ne t he ac t i v i t y  of  t he 
c l ayey  soi l ,  i t  i s pr ef er abl e t o per f or m t wo 
t est s,  one f or  t he c l ay  f r ac t i on al one t o 
f i nd t he ac t ual  val ue f or  A and t he ot her  f or  
t he t ot al  soi l .  Fr om t hese t wo t es t s  ac t i v i t y  
l i ne can be t r aced and t he i nt er cept  of  t he 
per cent age of  c l ay  ax i s  n can be det er mi ned.

Fi g.  4- Ef f ec t  of  Gr adi ng of  Soi l s  on 
Pl as t i c i t y  I ndex

Fi g.  5 Det er mi nat i on of  Ac t i v i t y  by 
The Pr oposed For mul a
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Det er mi nat i on of  Ac t i v i t y  f or  Soi l s  A and B

TABLE I

Pr oper t i es  Ac t i v i t y

C PI n Skempt on Seed New F Ac t ual  val ue
Soi l  A 51 60 - 34 0. 85 0. 55 0. 73

100 73 0. 73

Soi l  B 47 48 +24 0. 98 1. 96 1. 49
100 152 1. 52

Pi g.  6 Det er mi nat i on of  Ac t i v i t y  of  
Soi l s  " A"  and " B"

APPLI CATI ON 0? THE FORMULA

a)  Appl y i ng t hi s  f or mul a,  Skempt on and Seed 
f or mul a,  t o t wo soi l s  A and B used i n t hi s  
i nves t i gat i on and compar i ng t hem wi t h t he 
cor r espondi ng ac t ual  val ues  of  ac t i v i t y  
det er mi ned f or  t he c l ay  f r ac t i on al one t he 
r esul t s  ar e summar i zed i n Tabl e I  and 
Fi g.  6.

b)  Appl y i ng t he same pr ocedur e t o t he f ol l ow­
i ng pr epar ed soi l s  used i n t hi s  i nves t i ga ­
t i on

i -  Si l t - c l ay  soi l s  n = - 34
i i -  Medi um sand -  c l ay  soi l s  n = + 8 

i i i -  Uni f or m sand-  c l ay  soi l s  n = +16

The same c l ay  A i s used wi t h t he t hr ee soi l s  
gr oups.  The ac t i v i t y  of  t hi s  c l ay  i s 0. 73 . 
The r esul t s  ar e summar i zed i n Fi g.  7,  whi c h 
i l l us t r at es  t hat  t he new f or mul a gi ves  val ues  
f or  ac t i v i t y  v er y  c l ose t o t he ac t ual  val ue 
as det er mi ned f or  t he c l ay  f r ac t i on al one.  
Wher eas  seeds f or mul a may  gi ve val ues  of  
ac t i v i t y  r r eat er  or  smal l er  t han t he ac t ual  
act i v i t y .  The obt ai ned di f f er ent  l i nes

Cl ay  c o n t e n t  ( <  2 j i m )  p e r c e n t

Fi g.  7 Det er mi nat i on of  ac t i v i t y  by  
Us i ng Skempt on,  Seed and New 
Equat i on.

r epr esent i ng t he r el at i onshi ps  bet ween PI  and 
C became one l i ne us i ng t he new f or mul a , 
whose s l ope r epr esent s  t he ac t i v i t y .

c)  Appl y i ng t he same anal ys i s  t o wor ks  car r i ed 
out  by  ot her  i nves t i gat or s  ( e. g.  Zachar i as  
and Ranganat ham)  conf i r med t he above men­
t i oned conc l us i on.

CONCLUSI ONS

a)  The l i ne r epr esent i ng t he ac t i v i t y  of  soi l  
i s not  gener al l y  pass i ng t hr ough t he or i gi n 
but  i t  may  i nt er sec t  t he c l ay  cont ent  per ­
cent  ax i s  at  ei t her  a pos i t i ve or  negat i ve 
val ue,  dependi ng on t he t yoe of  t he coar se 
gr ai ned f r ac t i on of  t he soi l .

b)  Ac t i v i t y  of  soi l  can be expr essed i n a

S k e m p t o n  

S e e d  

N e w  eq.

S i l t -  c l a y  s o i l  

Me d i u m s a n d - c l a y

Uni f o r m s a n d - C l a y
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f or m i ncor por at i ng t he i nf l uence of  t he 
coar se gr ai ned,  f r ac t i on ( equat i on 2 ) .

c)  The det er mi nat i on of  ac t i v i t y  f or  c l ayey  
soi l  f r om onl y  one t est  us i ng t he pr ev i ous  
f or mul as  can be mi s l eadi ng,  and i t  i s r e­
commended t o per f or m t wo t es t s  one at  100 

per cent  c l ay  cont ent  and t he ot her  f or  t he 
nat ur al  soi l .

ACKNOWLEDGEMENTS

The aut hor  wi shes  t o expr ess  hi s  t hanks  t o 
Eng.  S. A.  Kabba who per f or med many  of  t he 
t es t s  pr esent ed i n t hi s  paper  and al so t o 
ot her  r esear ch s t udent s  who par t i c i pat ed by  
t es t s  t o c onf i r m t he above.

Whi t e,  W. A. ,  ( 1955) .  Wat er  sor pt i on pr oper ­
t i es  of  homoi oni c  c l ay  mi ner al s .  Ph. D.  
t hes i s  Uni ver s i t y  of  I l l i noi s ,  U. S. A.

Youssef ,  M. S. ,  El - Raml i ,  A. H. , and El - Demer y ,  
M.  ( 1965) .  Rel at i onshi ps  bet ween shear  
s t r engt h,  consol i dat i on l i qui d l i mi t ,  
and pl as t i c  l i mi t  f or  r emoul ded cl ays.  
Pr oc.  6 t h I nt .  Conf .  Soi l  Mech.  Found.  
Engg. ,  ( 1) ,  126- 129,  Tor ont o.

Zachar i as,  C.  and Ranganat ham,  B. V. ,  ( 1972) .  
Swel l i ng and swel l i ng char ac t er i s t i cs  of  
synt het i c  c l ays.  Pr oc.  of  Sympos i um on 
St r engt h and Def or mat i on behav i our  of  
soi l s,  Vol . l ,  129- 134,  Bangal or e,  I ndi a.

REFERENCES

Gr i m,  R. E.  ( 1962) .  Appl i ed c l ay  mi ner al ogy.  
Book  Company  I nc .

Gr i m,  R. E. , Br adl ey,  W. F. ,  and Var gas,  A.  
( 1959) .  Cl ay  mi ner al  compos i t i on and 
pr oper t i es  of  deep r es i dual  soi l s  Sao 
Paul o,  Br azi l ,  ( manuscr i pt )

Mi t chel l ,  J. K.  ( 1976) .  Fundament al s  of  soi l  
behavi our .  John Wi l ey  & Sons I nc.

Nor man,  L. E. J .  ( 1950) .  A compar i son of
val ues  of  l i qui d l i mi t  det er mi ned wi t h 
appar at us  wi t h basi s  of  di f f er ent  har d ­
ness.  Geot echni que,  Vol . 8 , No. l ,
pp.  70. 91.

Nov ai s - Fer r ei r a, M.  ( 1969) .  Cl ay  cont ent  and 
consol i dat i on.  Pr oc.  7t h I nt .  Conf .
Soi l  Mech.  Found.  Engg. ,  ( 1) ,  317- 325,  
Mexi co.

Ranganat ham,  B. V. ,  and Sat y anar ay ana, B.
( 1965) .  A r at i onal  met hod of  pr edi c t i ng 
swel l i ng pot ent i al  f or  compac t ed expan­
s i ve c l ays.  Pr oc.  6 t h I nt .  Conf .  Soi l  
Mech.  Found.  Engg. ,  ( 1) ,  92- 96,  Tor ont o.

Rabba,  S. A.  ( 1975) .  Fac t or s  af f ec t i ng
engi neer i ng pr oper t i es  of  expans i ve soi l s 
t hes i s  pr esent ed t o t he Uni ver s i t y  of  
Al - Azhar ,  at  Cai r o,  Egypt ,  i n par t i al  
f ul f i l l ment  of  t he r equi r ement s  f or  t he 
degr ee of  Mas t er  of  Sci ence.

Seed,  B. B. , Woodwar d,  R. J. ,  and Lundgr en,  R.
( 1962) .  Pr edi c t i on of  swel l i ng pot ent i al  
f or  compac t ed cl ays.  ASCE J.  Soi l  Mech.  
Founds  Ci v. ,  Vol . 88 , No. SM4,  107- 131.

Seed,  H. B. , Woodwar d,  R. J . , and Lundgr en,  R.  
( 1964-  a) .  Cl ay  mi ner al ogi cal  aspec t s  of  
t he At t er ber g l i mi t s.  ASCE J.  Soi l  
Mech.  Founds  Di v. ,  Vol . 90,  No. SM4,  
107- 131.

Seed,  H. B. ,  Woodwar d,  R. J.  and Lundgr en,  R.  
( 1964 b) .  Fundament al  aspec t s  of  t he 
At t er ber g l i mi t s.  ASCE J.  Soi l  Mech.  
Founds Di v. ,  Vol . 90,  N0 . SM6 , 75- 105 .

Skempt on,  A. W.  ( 1953) .  The col l oi dal  ac t i v i t y  
of  cl ays.  Pr oc.  3r d I nt .  Conf .  Soi l  
Mech.  Found.  Engg,  ( 1)  57- 61.

591


