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Determination of Liquid Limit 

by the Static Cone Penetration Test

Mesure de la limite de liquidité par pénétration statique d ’un cone

by H. U. S c h e r r e r , H ead o f  the so il m echanics departm en t, R odio  S. A ., R io de Janeiro , Brazil, C aixa po sta l 1715

Sum m ary

Owing to the fact th a t the conventional liquid lim it device 

is based on a  dynam ic shear test, and the difficulty o f s tan d ar­

dizing this device, which is essential in o rder to  ob tain  accurate 
results, Professor C asagrande has suggested the use o f an indirect 

shear test for determ ining liquid limit.
The au th o r gives the results o f such an  a ttem pt. The device 

used in this investigation  is a static 90 degree cone penetration  
appara tus, which m easures the equilibrium  pressures o f a soil 

at various m oisture contents. The liquid lim it is derived from  

this relationship.
T he au th o r describes the basic concepts o f this m ethod, the 

ap p ara tu s and the test procedure, com m enting on the results 
and com paring  this m ethod with the conventional one.

Som m aire

D u fait que l 'appareil à lim ite de liquidité conventionnel, est 

basé su r un test dynam ique de cisaillem ent et à  cause des difficultés 
que pose une standard isa tion  suffisante de l'appareil, ce qui est 

essentiel pour la com paraison  des résultats, le Professeur 

A rth u r C asagrande m entionne dans son article (1958) la possibi­
lité d ’un essai indirect de cisaillem ent p o u r la déterm ination  de 

la lim ite de liquidité.
C ette étude présente les résu lta ts d ’un tel essai. L ’appareil 

utilisé qui est un appareil de pénétration  statique m uni d ’un 

cone don t l’angle est de 90°, m esure les pressions d ’équilibre 
d ’un sol à  teneur en eau variable. On en déduit la lim ite de liquidité.

L ’étude com prend la description des principes de cette m éthode, 
l’appareil et la m anière de réaliser l’essai ; elle com m ente les résul­

ta ts et com pare  cette m éthode avec la m éthode conventionnelle.

Introduction Basic concepts of the method

A tte rb e rg  lim its define  th o se  m o is tu re  c o n te n ts  w h ich  des­

ig n a te  th e  tra n s itio n  be tw een  th e  flu id  a n d  p las tic  s tag e  a n d  

b e tw een  th e  p las tic  a n d  sem i-so lid  s tag e  resp ec tiv e ly . T h e  

m ain  o b jec tiv e  g o v e rn in g  th e  desig n  o f  a n y  a rb itra r i ly  se lected  

dev ice  fo r  m easu rin g  these  lim its  is to  e lim in a te  h u m an  

in fluence  a n d  to  g u a ran tee  a cc u ra te  d u p lic a tio n  o f  re su lts  

w hen  tes ts  a re  rep ea ted .

T h e  c o n v e n tio n a l liq u id  lim it dev ice  is e ssen tia lly  a  d y n a m ic  

sh ea r te s tin g  e q u ip m e n t. In  th e  c o n c lu s io n  to  h is a rtic le  

P ro fe sso r A . C a s a g r a n d e  (1958) calls th is  a  “ d isa d v an tag e  

b ecause  it does n o t  p ro v id e  a  u n ifo rm  basis o f  co m p a riso n  

fo r  fine g ra in e d  soils w hich  differ in  th e ir  re a c tio n  w h en  su b ­

jec ted  to  a  sh ak in g  (d ila tan c y ) te s t” , a n d  m en tio n s  a m o n g  

o th e r  p o ss ib ilitie s  th e  s ta tic  p e n e tra t io n  tes t as o n e  w ay  to  

e lim in a te  som e difficulties o f  th e  p re sen t liq u id  lim it device.

T h is  in v es tig a tio n  is a n  a tte m p t to  o v e rco m e  th is p ro b lem . 

T h e  90° c o n e  p e n e tra tio n  dev ice  used  is e ssen tia lly  th a t  used  

in  th e  So il M ech an ics  L a b o ra to ry  o f  th e  Sw iss F e d e ra l In s­

titu te  o f  T ec h n o lo g y , Z u ric h  ( H a e f e l i , 1951). S im ila r dev ices 

a re  b e in g  used  in  Sw eden  a n d  N o rw ay . In  these  c o u n trie s  

th ey  a re  em p lo y e d  to  d e te rm in e  th e  sen sitiv ity  o f  c lay , th a t  

is —  as th e  a p p a ra tu s  m easu re s sh e a r s tre n g th  —  th e  ra tio  

o f  th e  s tre n g th  a f te r  re m o u ld in g  th e  sam p le  to  th e  u n d is tu rb ed  

s tren g th . In  S w itzerlan d  it h a s  a lso  been  used  fo r (c o n so lid a ­

tio n ) stress an a ly se s  ( H a e f e l i , 1957).

In  R u ss ia  a n d  som e o th e r  sa te llite  co u n trie s , a  d ifferen t 

ty p e  o f  c o n e  dev ice  is c o m m o n ly  used  fo r liq u id  lim it d e te r­

m in a tio n  ( L i t v i n o v , 1954). In  a  n u m b e r  o f  d e ta ils  how ever, 

th e ir  sy s tem  differs fro m  th e  p ro c ed u re  used  b y  th e  a u th o r .

A n  im p ro v e d  dev ice, a lso  fo r  liq u id  lim it d e te rm in a tio n , is 

re fe rred  to  b y  S t e f a n o f f  (1957) in  a  p a p e r  to  th e  las t Soil 

M ech an ics  C onfe ren ce .

T h e  dev ice  (F igs. 1 a n d  2) con sists  o f  a  co n e  w ith  a n  ang le  

o f  e x ac tly  90°, w hich  is g ra d u a lly  lo ad e d  fro m  zero  to  o n e  

k ilo g ram  in  o n e  m in u te . T h e  final lo ad  rem a in s c o n s ta n t a t 

th is v a lue . A s th e  co n e  p e n e tra te s  a  sm o o th  su rface , its m o v ­

em e n t is m ea su re d  by  a  d ia l gauge.

T ¡me m in

4

Fig. C one penetration , loading d iagram  and cone pressure 
as a function o f time.

Pénétra tion  au cone, d iagram m e de charge et pression 

du cone en fonction du  tem ps.
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c o rre sp o n d in g  to  o 8 =  1 a n d  10 k g /cm 2 

resp ec tiv e ly .

eq u ilib riu m  p re ssu re  o f  a  c o n so lid a ted  

sam p le , in itia lly  re m o u ld ed  a n d  p laced  a t  

th e  liq u id  lim it.

Symbols:

=  X

L c
Pc

Pic
I

d e n o te s  eq u ilib r iu m  p re ssu re  o f  a  re m o u ld ed  fine­

g ra in ed  m a te ria l  a t  a n y  m o is tu re  c o n te n t.

—  e q u ilib riu m  p re ssu re  o f  a  re m o u ld ed  

sam p le  a t  its n a tu ra l  m o is tu re  c o n te n t.

—  eq u ilib riu m  p re ssu re  o f  a n  u n d is tu rb e d  

sam ple .

—  sen sitiv ity  o f  c lay , ra tio  o f  sh e a r s tre n g th  

a f te r  a n d  b e fo re  rem o u ld in g .

—  liq u id  lim it b y  th e  co n e  dev ice  

p las tic  lim it —  

p la s tic ity  in d ex  —

—  co n e-in d ex , d ifference o f  m o is tu re  c o n te n ts

E q u ilib r iu m  p re s s u re  Se

Fig. 2 C one penetration  device used by the au thor.

A ppareil de pénétra tion  à cône utilisé p a r l’auteur.

T h e  d eep er th e  co n e  p e n e tra te s  in to  th e  so il, th e  la rg e r 

becom es th e  lo ad ed  a re a  a n d  th e  low er th e  specific  p ressu re  

(see F ig . 1). T h is  specific  p re ssu re  decreases u n til th e  so il 

is c ap a b le  o f  su p p o rtin g  th e  lo ad  so th a t  a n  e q u ilib riu m  

p re ssu re  is reach ed .

U n lik e  o th e r  ty p es  o f  p e n e tra t io n  tests , it does n o t  m easu re  

th e  re sis tan ce  to  p las tic  flow  o f  th e  soil, b u t  th e  e q u ilib riu m  

p re ssu re , w hich  is d irec tly  p ro p o r t io n a l  to  th e  sh e a r s tre n g th  

o f  th e  m ate ria l. T h e  final stress co n d itio n s  a ro u n d  th e  co n e  

m ig h t be  c o m p a re d  to  th o se  b e n e a th  a  c irc u la r  fo o tin g  o n  

c lay , w here  th e  b e a rin g  c ap a c ity  is a  lin ea r fu n c tio n  o f  th e  

co h esion .

A s th e  sh e a r s tre n g th  o f  a  sa tu ra te d  c lay  d e p en d s  d irec tly  

o n  th e  w a te r c o n te n t, so  does th e  eq u ilib riu m  p ressu re . F ig . 1 

show s th e  p e n e tra tio n  a t v a rio u s  m o is tu re  c o n te n ts  o f  th e  

sam e re m o u ld ed  m ate ria l. F o r  co n v en ien ce , th e  re la tio n sh ip  

b e tw een  eq u ilib riu m  p re ssu re  a n d  m o is tu re  c o n te n t  is p lo tte d  

o n  a sem i-lo g a rith m ic  p a p e r, sh ow ing  a  well d e fin ed  s tra ig h t 

line  fo r  e v e ry  m a te ria l (see F ig . 3). T h e  m o is tu re  c o n te n t 

c o rre sp o n d in g  to  a  d e fin ite  eq u ilib riu m  p re ssu re  m a y  be 

re g a rd e d  as th e  liq u id  lim it.

Kg / cm 2

Fig. 3 R elationship  between m oisture con ten t and equilibrium  
pressure (final cone pressure).

R ela tion  entre teneur en eau e t  pression d ’équilibre 
(pression finale du cône).

Apparatus and test procedure

T h e  a p p a re tu s  co n sis ts  b a s ica lly  o f  a  b a la n ce  (see F ig . 2). 

T h e  c o n e  a n d  p re ssu re  d ia l a re  p e rfe c tly  b a la n ce d  ag a in s t a 

c o n ta in e r . F o r  th e  te s t, a  w eigh t o f  1 k g  is p lac ed  o n  th e  co n e , 

w h ich  is in itia lly  c o u n te rb a la n c e d  b y  w a te r  (ca. 1-07 kg) in 

th e  c o n ta in e r . M ic ro m e te r screw s, o n e  ra is in g  th e  r ig h t h a n d  

lev e r a rm , th e  o th e r  o n e  ra is in g  th e  sam p le -d isc  (low er left, 

F ig . 2), p e rm it p e rfec t se ttin g  o f  th e  d ia l to  zero  a n d  th e  sam p le  

su rface  to  th e  t ip  o f  th e  cone.

A ru b b e r  s to p p e r , ra ised  b y  a  s trin g , re leases th e  w a te r  to  

d ra in  in  o n e  m in u te  (a fte r  th e  first 70 gr). O n ly  th e  2 -m in u te  

p e n e tra t io n  re a d in g  is n o rm a lly  n o ted . I t  is a n  a d v a n ta g e  

to  re p e a t  th e  sam e  tes t tw o  o r  th re e  tim es o n  th e  sam e  surface . 

T h e  av era g e  p e n e tra t io n  is c a lcu la te d  a n d  u n su ita b le  va lues 

e lim in a ted . T h e  m o is tu re  c o n te n t  o f  th e  sam p le  is d e te rm in ed .

T h is  se t-u p  g u a ra n te e s  a  co m p le te ly  je rk  —  a n d  im p u lse  —  

free  a p p lic a tio n  o f  th e  lo ad . T h e  p ro c e d u re  is a lm o s t in d e ­

p e n d e n t o f  h u m a n  in fluence , in v o lv in g  o n ly  th e  se ttin g  o f  th e  

tip  o f  th e  c o n e  to  th e  sam p le  su rface . T h e  sy s tem  h as  to  be  

fr ic tio n  free  (k n ife  edge  b e a rin g  fo r  u p p e r  b a r , c o n ta in e r  a n d  

c o re -ro d  su sp en d ed  o n  th in  ta p e  d e v e lo p in g  a  c irc le  w ith  

k n ife-ed g e  as c en tre , c o n e  ro d  p e rfe c tly  p lu m b e d  to  red u ce  

fr ic tio n  o n  its gu id e  etc .).

Results and commentary

F ig . 3 show s th e  re la tio n s h ip  b e tw een  m o is tu re  c o n te n t 

a n d  eq u ilib riu m  p re ssu re  fo r  six  d iffe ren t m a te ria ls . T h e  

m o is tu re  c o n te n t  c o rre sp o n d in g  to  th e  liq u id  lim it b y  th e  

c o n v e n tio n a l dev ice  is in d ica ted  b y  a  so lid  p o in t  o n  th e  

lines. So is th e  p la s tic  lim it by  a  b lac k  a n d  w h ite  c ircle .

O b serv in g  th e  p h y sica l s tag e  o f  th e  m a te ria ls  fo r  in s tan ce , 

a n y  “ liq u id  lim it lin e ” c o u ld  b e  e s tab lish ed , w h ich  —  in te r­
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sec ted  w ith  th e  m a te ria l  lines —  w o u ld  g ive  th e  c o n e  liqu id  

lim it. H o w ev e r , in  o rd e r  to  a d h e re  as c losely  as p o ss ib le  to 

th e  a cc u s to m e d  lim its , th e  lim it line  h a s  b een  c a lib ra ted  

a c c o rd in g  to  th e  c o n v e n tio n a l dev ice. F ig . 4 show s th is  cali-

E q u ilib riu m  p re s s u re  S'S K g /cm *

Fig. 4 D eterm ina tion  o f the  liquid and p lastic  lim it lines 

according to  conventional procedure.

D eterm ination  des lignes de lim ites de liquid ité  et de 
plasticité  co rrespondan t à  la m éthode conventionnelle.

b ra tio n , th a t  is a ll th e  p o in ts  c o rre sp o n d in g  to  th e  c o n v e n ­

tio n a l liq u id  lim it a n d  p la s tic  lim it resp ec tiv e ly .

In  o rd e r  to  d e te rm in e  th e  liq u id  lim it b y  c o n e , it is n ecessa ry  

to  p re p a re  a  re m o u ld ed  sam p le  w ith  a t  least fo u r  d ifferen t 

m o is tu re  c o n te n ts . T h e  eq u ilib r iu m  p re ssu re s sh o u ld  p re fe r­

a b ly  be less th a n  1 kg  p e r  sq . cm  fo r  lim its  a b o v e  50 p e r cen t 

a n d  less th a n  2 k g  p e r  sq . cm  fo r  lim its  b e low  50 p e r  cen t. 

T h e  p lo t o f  th ese  e q u ilib riu m  p re ssu re s a g a in s t m o is tu re  

c o n te n t  o n  a  sem i-lo g a rith m ic  p a p e r  sh o u ld  g ive a  s tra ig h t 

line. T h is  line , in te rse c te d  b y  th e  liq u id  a n d  p las tic  lim it line , 

g ives th e  lim its  d e te rm in e d  by  c o n e  p e n e tra tio n .

In  50 p e r c en t o f  th e  tes ted  sam p les, th e  liq u id  lim it b y  co n e  

w as w ith in  1-8 pe r c en t (w/c) o f  th e  c o n v e n tio n a l  liq u id  lim it 

a n d  in  10 p e r  c en t o f  th e  tests th e  d ifference  w as m o re  th a n

6 p e r c en t (w/c). T h ese  v a r ia tio n s  a re  p ro b a b ly  e x p la in ed  by  

th e  d iffe ren t p rin c ip les  o f  th e  te s t, th a t  is d y n a m ic  versus s ta tic  

sh e a r tes t. M o s t o f  th e  te s ted  so ils a re  d eco m p o sed  rocks.

T h e  c a lib ra tio n  o f  a  “ p las tic  lim it lin e ” seem s a t  first m o re  

q u e stio n a b le . H o w ev e r, in  50 p e r  c en t o f  th e  tests th e  p las tic  

lim it b y  c o n e  w as w ith in  2-1 p e r  c en t (w/c) o f  th e  c o n v e n tio n a l 

m e th o d . O n e  d isa d v a n ta g e  o f  th e  c o n e  fo r th e  d e te rm in a tio n  

o f  th e  p la s tic  lim it is, th a t  it o p e ra te s  a t  a  c o n sis ten c y  ra n g e  

q u ite  d iffe ren t fro m  th e  p las tic  lim it. T h e  n ecessa ry  e x tra p o la ­

tio n  im plies so u rces o f  in acu racy .

F ig . 5 show s so m e re p e tit io n s  o f  tests. S o m e o f  th e  sam ples 

h a d  b een  a ir-d ried . T h e  co in c id en ce  o f  th e  m ate ria l- lin e s  a re  

sa tis fac to ry . T h e  sam e  F ig . a lso  show s tw o  e x am p les w here  

th e  tes ts h a d  been  c a rr ie d  o u t  w ith  a  lo a d  o f  1/2 kg  as w ell. 

A lth o u g h  it sh o u ld  th eo re tic a lly  h a v e  n o  b e a rin g  o n  th e  

re la tio n  o f  eq u ilib riu m  p re ssu re  a n d  m o is tu re  c o n te n t, o n e  

m a te ria l rev ea ls  q u ite  a  d iffe ren t line . T h e re fo re  it is p re fe ra b ly  

to  fix th e  lo a d  a t  1 kg.

T h e  tim e  re q u ire d  fo r p re p a ra tio n  o f  a  sam p le  a n d  fo r  its 

tes tin g  is a b o u t th e  sam e  as fo r th e  c o n v e n tio n a l dev ice.

E qu ilib rium  p re s s u ra  SX Kg/cm1

Fig. 5 Som e exam ples o f test repetitions and of using ha lf 

the cone load.

Q uelques exem ples de répétition  des essais et de l’ap ­

p lication  de la m oitié de la charge sur le cône.

S h o u ld  it b e  a cc ep tab le  to  d ed u ce  th e  p las tic  lim it f ro m  th e  

sam e  tes t, th e re  sh o u ld  be  so m e sav in g  o f  tim e.

T h e  co sts  o f  th e  tw o  dev ices a re  a b o u t  eq u al. H o w ev e r, 

c o n s tru c tio n  sp ec ifica tio n s a re  fa r  s im p le r fo r  th e  cone- 

a p p a ra tu s . D ifficu lties in  re p ro d u c in g  th e  c o rre c t h a rd n ess  

o f  th e  b ase , th e  c o rre c t d im en sio n s  a n d  w e igh t o f  th e  cup  

a re  e lim in a ted . O n  th e  o th e r  h a n d , th e  co n e  a p p a ra tu s  req u ire s  

a  m o re  co m p lica te d  in s ta lla tio n , p a r tic u la r ly  fo r  th e  w a te r. 

T h e  co n e  dev ice  is a lso  c o n s id e re d  to  be  less d e p e n d e n t o n  

h u m a n  in fluence. T h e  m o s t im p o r ta n t  fe a tu re  h o w ev er is 

th a t  it re p re se n ts  a n  in d ire c t s ta tic  sh e a r test.

Fig. 6 C onso lidation  curve, equilibrium  pressure curves after 

consolidation  and after rem oulding o f sam ple and 
their relationship.

C ourbes de consolidation , de pression d 'équ ilib re  après 
la conso lidation  et après le rem aniem ent de l’échan­

tillon et relation  entre elles.
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The cone apparatus furnishes other valuable information. 
The inclination of the material line, a characteristic similar 
to the flow index, can be expressed as difference of moisture 
content at equilibrium pressures corresponding to one logar­

ithmic cycle, and can be called the “cone index” ( Ic )■
Fig. 6 illustrates the consolidation curve (pc ) of a remoulded 

clay. After consolidation, the cone penetration tests reveal 
equilibrium pressures (ctcc) proportionally larger, the factor 
being 1-55 Other materials so far tested showed factors ran­
ging from 1 to 2. After remoulding the clay, the equilibrium 
pressure decreases to the standard a  ,,-curve. In some cases, 
the inclination of the <Te-line is steeper than the er^-line. Thus, 

the “cone index” can give some indications on the compress­
ibility of a clay.

The cone penetration test can give some indications on shear 
strength of a fine grained soil, and =  as mentioned in the 
introduction — is used for measuring the sensitivity of clay 
and for stress analyses.

Conclusion

The first results of this investigation on determination of 
liquid limit by a static cone penetration test are promising. 

Some differences between this limit and the conventional

one are to be expected. It remains to be seen how far these 
liquid limit tests with the cone apparatus are correlated with 
other soil properties.
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