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The aim of this pa per is to es tab lish a cor re la tion be tween the liq uid limit value ob tained in the Casagrande ap pa ra tus (wL/cup)
and in the cone pen etrom eter (wL/cone) for typ i cal gla cial sed i ments from west-cen tral Po land and com pare them with the cor -
re la tion equa tions pub lished in the lit er a ture. The fol low ing cor re la tion was for mu lated: wL/cone = 0.91wL/cup + 1.98. The anal y -
sis pre sented in this pa per proves that de riv ing a gen er al ized and uni ver sal re la tion ship wL/cup/wL/cone for all co he sive soils,
re gard less of their or i gin, is very chal leng ing and may not be re li able for use in the en gi neer ing prac tice. It is ver i fied that, in
the range of low val ues of liq uid limit, the cone pen etrom eter gives higher val ues of wL than those ob tained from the
Casagrande ap pa ra tus. How ever, for the Pol ish postglacial soils ana lysed in this pa per, the cone pen etrom eter un der es ti -
mates the re sults in re la tion to the Casagrande ap pa ra tus above wL = 22%. For the pur pose of this study, wL = 22% was de -
fined as “the point of equiv a lent re sults” (wL/cone = wL/cup).
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INTRODUCTION

The con cept of con sis tency lim its used to clas sify fine-
 grained soils was in tro duced at the be gin ning of the 20th cen -
tury by Swed ish sci en tist Al bert Mauritz Atterberg (1911, 1912). 
At pres ent, the so-called liq uid limit – wL (a soil mois ture con tent 
sit u ated ex actly be tween the liq uid and plas tic con sis ten cies)
and the so-called plas tic limit – wP (sep a rat ing the plas tic and
semi-solid states) are among the ba sic geo technical pa ram e -
ters de ter min ing the range of mois ture con tent in which the soil
re tains its plas tic prop er ties. In the tra di tional view, the ac cu rate 
mea sure ment of Atterberg lim its is an im por tant is sue of en gi -
neer ing ge ol ogy.

Us ing wL, wP val ues and the nat u ral mois ture con tent of soil, 
the li quid ity in dex (IL), can be cal cu lated. It is the main pa ram e -
ter used to de fine the phys i cal state of co he sive soils. The state
of co he sive soil de ter mines the load-bear ing ca pac ity of the
soil, so the value of IL is im por tant for the de sign of foun da tions.
In ad di tion, in Pol ish en gi neer ing prac tice the value of the li quid -
ity in dex is used to de ter mine other geotechnical pa ram e ters by 
the so-called in di rect method, i.e. based on the ex ist ing cor re la -

tions and not on lab o ra tory tests. This method is com monly
used for less com pli cated build ing struc tures which are founded 
in less com plex ground and wa ter con di tions. For ex am ple, the
in di rect method can be used to de ter mine bulk den sity (r), un -
drained shear strength (cu), or oedometer com press ibil ity
modulus (M0) (PN-88/B-04481, 1988).

Fur ther more, the Atterberg lim its are used to cal cu late the
plas tic ity in dex of soil (IP). This pa ram e ter shows how much wa -
ter soil ab sorbs when chang ing its con sis tency from solid to liq -
uid, so it gives the range of mois ture con tent in which the soil
has plas tic prop er ties. Based on the value of plas tic ity in dex an
ap prox i mate con tent of clay frac tion in a given soil can be de ter -
mined. There fore, the IP de scribes the type and de gree of co he -
sive ness of the sed i ment.

The con sis tency lim its are also used to de ter mine the sus -
cep ti bil ity of co he sive soils to vol ume change be hav iour (i.e.
vol u met ric shrink age and swell ing).

There are two main lab o ra tory meth ods for de ter min ing the
liq uid limit: the Casagrande ap pa ra tus method and the cone
pen etrom eter (fall cone) method.

Atterberg de fined the liq uid limit as the mois ture con tent
above which the ground be haves like a liq uid, it starts to flow
and does not keep a given shape (Atterberg, 1911, 1912).
Casagrande pro posed a re search method that would lit er ally
cor re spond to this orig i nal def i ni tion of the liq uid limit
(Casagrande, 1932). The ap pa ra tus de signed by him is, there -
fore, the only tool that al lows de ter min ing the wL value ap prox i -
mate to its ac tual mean ing. Nev er the less, it should be men -
tioned that the test ing pro ce dure for the Casagrande ap pa ra tus
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has many dis ad van tages (Sow ers et al., 1960; Hanks, 1981),
among oth ers:

– the need to sub jec tively es ti mate the mo ment in which the
groove has closed over an ap pro pri ate length, re quired by a 
given stan dard;

– var i ous lengths of groove clos ing ac cord ing to dif fer ent
stan dards (e.g., Pol ish PN-88/B-04481, 1988 and Ger man
Stan dard DIN 18122, 2008 – 10.0 mm, Amer i can ASTM D
4318, 2000 and Brit ish Stan dard BS 1377, 1990 – 13.0 mm, 
Czech Stan dard ÈSN 721014, 1968 – 12.5 mm);

– the prob lem with cut ting off the ideal groove (Wires, 1984;
Spagnoli, 2012; es pe cially in slightly plas tic soils);

– the vari able rate of hit ting the cup in hand-op er ated ap pa ra -
tus;

– the prob lem with the even spread ing of the soil paste in the
bowl (in par tic u lar, the prob lem with main tain ing the same
thick ness of the paste over the en tire sam ple);

– the lack of du pli ca tion of a sin gle re sult;
– the time con sump tion of the test (an ex pe ri enced op er a tor

needs ~40% more time to com plete the de ter mi na tion of the 
liq uid limit in the Casagrande ap pa ra tus than in the cone
pen etrom eter; Wires, 1984);

– var i ous rub ber bases used in dif fer ent coun tries (di men -
sions of the base, e.g. ac cord ing to the Pol ish stan dard,
PN-88/04481, 1988 – 85 x 50 x 25 mm, ac cord ing to the
Amer i can stan dard, ASTM D 4318, 2000 – 150 x 125 x
50 mm, the hard ness of the rub ber from which the base is
made and the dif fi culty in com par ing it be tween in stru ments
used in dif fer ent coun tries – dif fer ent hard ness scales used
in each na tional stan dard; Özer, 2009).
Fur ther more, over the years of us ing the Casagrande ap pa -

ra tus, the de vice it self and the test pro ce dure have un der gone a 
num ber of mi nor, but still sig nif i cant mod i fi ca tions, which, in
gen eral, have led to an in crease of the liq uid limit value
(PKN-CEN ISO/TS 17892-12, 2009). 

The pro ce dure for de ter min ing the liq uid limit in the cone
pen etrom eter does not cor re spond to the orig i nal def i ni tion of
this pa ram e ter, be cause the be hav iour of the soil (plas tic or liq -
uid) is not the ob ject of re search. Be sides, the main dis ad van -
tage of this pro ce dure is the need to re move thor oughly thicker
frac tions from the soil paste. Ac cord ing to the Eu ro pean stan -
dard, grains larger than 0.04 mm should be re moved
(PKN-CEN ISO/TS 17892-12, 2009). First of all, this re quire -
ment is dif fi cult to meet, and sec ondly, the re moval of all men -
tioned grains sub stan tially changes the soil struc ture. There -
fore, the tests are car ried out on a soil paste, which sig nif i cantly
dif fers in grain size from a sam ple of nat u ral soil. It is as sumed,
how ever, that the clay frac tion is re spon si ble mainly for the
prop er ties of co he sive soils, in par tic u lar for the in ten sity of the
soil skel e ton-wa ter in ter ac tion. An ad di tional dif fi culty dur ing
cone pen etrom eter tests is the risk of en clos ing the air bub bles
in side the sam ple formed from soil paste. That may sig nif i cantly 
dis turb the pro cess of the test (Fig. 1). 

How ever, the cone pen etrom eter is widely used in many
coun tries due to the less com pli cated test ing pro ce dure, higher
re peat abil ity of re sults and shorter time needed to carry out the
test (Sridharan et al., 1999). The ad van tage of the fall cone test
is its ob jec tiv ity – the mea sure ment of the cone pen e tra tion
depth is car ried out us ing a cal li per, usu ally elec tronic. In ad di -
tion, the test pro ce dure as sumes de ter min ing the depth of pen -
e tra tion as long as two con sec u tive re sults will be nearly iden ti -
cal (per mis si ble dif fer ence is 0.4–0.5 mm de pend ing on the
type of cone; PKN-CEN ISO/TS 17892-12, 2009).

Sev eral at tempts can be found in the lit er a ture to cor re late
the re sults ob tained with the Casagrande ap pa ra tus and the
cone pen etrom eter (Wires, 1984; Budhu, 1985; Wasti, 1987;
Christaras, 1991; Leroueil and Le Bihan, 1996; Suchnicka,
1999; Orhan et al., 2006; Dragoni et al., 2008; Özer, 2009;
Fojtová et al., 2009; GrÝnbech et al., 2011; Spagnoli, 2012; Di
Matteo, 2012; Jaœkiewicz and Wszêdyrówny-Nast, 2013;
Hrube sova et al., 2016), as shown in Ta ble 1 and Fig ure 2.
They con cern both nat u ral soils and man-made clay-silt-sand
mix tures. Fre quently, soils with the wid est range of clay frac -
tion con tent and with highly di ver si fied wL val ues are in cluded
in the re search. This pro ce dure is nec es sary to es tab lish the
uni ver sal re la tion ship be tween the liq uid limit value de ter -
mined in the cone pen etrom eter (wL/cone) and the liq uid limit
value de ter mined in the Casagrande ap pa ra tus (wL/cup), as
shown in Ta ble 1.

Ac cord ing to the au thors, how ever, there is a need to de rive
this type of cor re la tion at the lo cal level. It is as sumed that such
a cor re la tion would be more ac cu rate and more use ful for the
en gi neer ing prac tice if the spe cific char ac ter is tics of a par tic u lar
de posit in given sub soil are taken into ac count.

The re search de scribed in this pa per has there fore a slightly 
dif fer ent con text. Nat u ral clayey soils of known or i gin, strictly
de fined ge netic fea tures and ac cu rately de scribed in terms of
granulometry, and min er al ogy were ana lysed. Two types of
glacigenic soils that dif fered sig nif i cantly in terms of granulo -
metry and min eral com po si tion were se lected.

The aim of the pa per is to es tab lish a cor re la tion be tween
the re sults ob tained in the Casagrande ap pa ra tus and in the
cone pen etrom eter for typ i cal gla cial sed i ments from west-cen -
tral Po land and com pare them with the cor re la tion equa tions
pub lished in the lit er a ture. The re sults ob tained in this way have
a real chance to find ap pli ca tion in the de sign of foun da tions not
only in Po land but also in all ar eas where the ge net i cally sim i lar
sed i ments of the youn gest gla ci ation oc cur.

In many Eu ro pean coun tries, such as Po land, Ger many
(e.g., Spagnoli, 2012) or the Czech Re pub lic (e.g., Fojtová et al.,
2009), the Casagrande ap pa ra tus as a clas sic method, strongly
rooted in en gi neer ing prac tice, is widely used for de ter min ing the
wL value. There fore, many re sults of sci en tific re search and en gi -
neer ing case stud ies are based on the value of wL de ter mined in
this way. Cur rently, Eurocode 7 (PN-EN 1997-1/2 Eurokod 7,
2008/2009) rec om mends us ing the cone pen etrom eter as a
faster and more pre cise method. Of ten enough there is a need to
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Fig. 1. The sam ple of varved clay in cone pen etrom eter
 (in cor rect prep a ra tion of the sam ple – the air bub ble 

closed in side the soil paste)



com pare the re sults ob tained con tem po rar ily with the ex ist ing
da ta base. The for mu la tion of an amend ment that would al low
cor rect ing the value of some geotechnical pa ram e ters based on
the liq uid limit value de pend ing on the method of its de ter mi na -
tion could be the so lu tion.

Ex per i men tal de ter mi na tion of such an amend ment for gla -
cial tills and varved clays of the youn gest gla ci ation, which are
typ i cal de pos its of the Eu ro pean Low lands, is car ried out.

It is to be hoped that this pa per will pro vide the an swers to
the ques tions for mu lated be low: 

– is it pos si ble to de rive a gen er al ized and uni ver sal re la tion -
ship be tween the liq uid limit value de ter mined in the
Casagrande ap pa ra tus (wL/cup) and in the cone pen etrom -
eter (wL/cone) for all co he sive soils, in de pend ently of or i gin?
And if not, then...

– is it pos si ble for soils with a sim i lar gen e sis and min eral
com po si tion of clay frac tion but a dif fer ent grain size?

TESTED SOILS AND TESTING 
METHODS

In this study, 47 soil sam ples (from 7.5 m deep test bor ing)
of the youn gest gla ci ation soils oc cur ring in the vi cin ity of
Poznañ (west Po land) were ex am ined. These were gla cial tills
and varved clays (Fig. 3). The area of Po land was cov ered sev -
eral times with a con ti nen tal gla cier. The last gla ci ation, called
North Pol ish or Bal tic Gla ci ation, has left many co he sive de pos -
its on the sur face (es pe cially lodge ment and melt-out tills)
formed mainly as clayey sands (clSa) and a spe cific type of
clays – varved clays. These clays are char ac ter ized by a spe -
cific struc ture with the al ter nat ing oc cur rence of light lay ers
(sandy-silty or silty) and dark lay ers (silty-clay or clay) (Flieger -
-Szymañska and Machowiak, 2010). En gi neer ing prop er ties of
co he sive soils, in clud ing the liq uid limit, de pend, among other
fac tors, on the min eral com po si tion of clay frac tion (Florkiewicz
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T a  b l e  1

Re la tion ships be tween the liq uid limit val ues de ter mined in the Casagrande ap pa ra tus and in the cone pen etrom eter
(ac cord ing to dif fer ent au thors)

Au thor (year) Lo cal iza tion Type of stud ied
soil

Numer of 
sam ples

Type of
Casagrande 
ap pa ra tus

wL value Cor re la tion equa tion

Karlsson (1961,1977) – – – – 30–76 wL/cone = 0.85wL/cup + 5.02

Little ton, Farmilo (1977) – – – soft base – wL/cone = 0.97wL/cup + 1.60

Sherwood, Ryley (1970) – – – soft base 30–72 wL/cone = 0.95wL/cup + 0.95

Wires (1984) – nat u ral soils from
loam to heavy clay 4 hard base 32–52 wL/cone = 0.94wL/cup + 0.97

Belviso et al. (1985) south ern It aly nat u ral soils 16 hard base 34–134 wL/cone = 0.97wL/cup + 1.19

Budhu (1985) Guy ana nat u ral soils 100 soft base 20–100 wL/cone = 0.93wL/cup + 4.30

Sampson. Netterberg (1985) South Af rica nat u ral soils – hard base – wL/cone = 1.01wL/cup + 4.20

Queiroz de Carvalho (1986) north and
north-east Brazil lateritic soils 27 soft base 13–48 wL/cone = 1.07wL/cup + 2.18

Wasti, Bezirci (1986) Tur key nat u ral soils 15 hard base 27–110 wL/cone = 1.01wL/cup + 4.92

Leroueil, Le Bihan (1996) east ern Can ada
ma rine silty clays.
lac us trine varved

clays
44 hard base 30–74 wL/cone = 0.86wL/cup + 6.34

Sridharan et al. (1999) –
ben ton ite-sand 

mix ture and nat u ral 
soils

15 soft base 29–92 wL/cone = 0.83wL/cup + 10.80

Sridharan, Prakash (2000) – ben ton ite-sand 
mix ture 16 soft base 33–92 wL/cone = 0.82wL/cup + 9.95

Orhan et al. (2006) Tur key nat u ral soils 16 hard base 27–98 wL/cone = 1.04wL/cup + 1.137

Dragoni et al. (2008) cen tral It aly nat u ral clayey soils 41 hard base 28–74 wL/cone = 1.02wL/cup + 2.87

Özer (2009) Tur key nat u ral soils 32 hard base 29–104 wL/cone = 0.90wL/cup + 6.04

Fojtová et al. (2009) Czech Re pub lic
(Ostrava Ba sin)

nat u ral
fine-grained soils 52 hard base 20–50 wL/cone = 1.00wL/cup + 2.44

GrÝnbech et al. (2011) Den mark Dan ish Eocene
clays 33 hard base 100–340 wL/cone = 0.95wL/cup + 9.40

Di Matteo (2012) cen tral It aly/var i ous 
places in Eu rope

Ho lo cene al lu vial
de pos its 

mix tures/var i ous
nat u ral soils

100 hard base 24–40 wL/cone = 1.00wL/cup + 2.20

Spagnoli (2012) Bal tic Sea 
and North Sea 

pure non-swell ing
clays

(kaolinite/illite
groups)

50 hard base 28–61 wL/cone = 0.99wL/cup + 1.05

Pres ent study Great Po land
tills and varved
clays of North 

Pol ish Gla ci ation
47 hard base 18–89 wL/cone = 0.91wL/cup + 1.98



et al., 2015). For this rea son, the qual i ta tive de ter mi na tion of
the min eral com po si tion of clay frac tion with the X-ray method
was also car ried out for the tested soil sam ples.

Dif frac tion pat terns (Fig. 4) de ter mined sep a rately for the
light and dark lay ers of varved clays show that, in the ver ti cal
pro file within the clay frac tion, there are no changes in the min -
eral com po si tion in the light and dark lay ers. The main clay min -
er als are hydromicas (illites), kaolinite and smectite/chlorite. On 
the other hand, there is a clear dif fer ence in the con tent of
quartz. In the light lay ers there is much more quartz than in the
dark ones. The main clay min er als of the stud ied gla cial tills are
illite, kaolinite and smectite/illite mixed-layer min er als (Fig. 5). In 
ad di tion, the fin est frac tion con tains quartz, cal cite, do lo mite
and plagioclase (Fig. 5). There fore, it can be con cluded that
there is no sig nif i cant dif fer ence in the min eral com po si tion of
clay frac tion be tween both ex am ined types of soils.

Lab o ra tory test ing car ried out in the cur rent study in cluded
mac ro scopic anal y sis of soil sam ples, de ter mi na tion of nat u ral 
mois ture con tent, grain-size anal y sis us ing both hy drom e ter
and sieve meth ods, and de ter mi na tion of the plas tic limit and
liq uid limit in the cone pen etrom eter with a 30°/80 g cone and
in the Casagrande ap pa ra tus with the so-called hard base
(PN-88/B-04481, 1988; PKN-CEN ISO/TS 17892-1, 4, 12,
2009). It needs to be pointed out that the hard ness of the rub -
ber from which the Casagrande ap pa ra tus base is made sig -
nif i cantly in flu ences the liq uid limit value (Nor man, 1958; Özer, 
2009). The softer the ma te rial from which the base is made,
the higher the wL value. This prin ci ple is log i cal, be cause the
soft rub ber ab sorbs more en ergy of the cup im pact than the

hard one. Thus, in the tests car ried out in the Casagrande ap -
pa ra tus with the soft base, more im pact is needed to close the
groove – this will hap pen at the 25th hit for the soil paste.

In prac tice, the Casagrande ap pa ra tus with the so-called
“hard” base, i.e. with a hard ness sim i lar to that de scribed in the 
Amer i can stan dard ASTM D 4318, 2000, is used more of ten
(out side the United States this type of ap pa ra tus is widely used 
in Can ada and in the con ti nen tal part of Eu rope). The
Casagrande ap pa ra tus, de scribed in the Brit ish Stan dard BS
1377, 1990, has the so-called “soft” base and is used much
rarely. How ever, the re sults of re search con ducted in the
Casa grande ap pa ra tuses of var i ous types ap pear in the lit er a -
ture. In this ar ti cle, the re sults ob tained us ing the Casagrande
de vice with hard and soft bases, have been ana lysed sep a -
rately.

RESULTS AND THEIR INTERPRETATION

GENERAL WL/CONE/WL/CUP CORRELATION

The liq uid limit tests car ried out on glacigenic soils of the
North Pol ish Gla ci ation, de pos ited near Poznañ in Po land, al -
low for mu lat ing the fol low ing cor re la tion be tween the liq uid limit
value de ter mined in the Casagrande ap pa ra tus (wL/cup) and in
the cone pen etrom eter (wL/cone):

wL/cone = 0.91wL/cup + 1.98   [R2 = 0.997, n = 47] [1]
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Fig. 2. Re la tion ships be tween the liq uid limit val ues de ter mined in the Casagrande ap pa ra tus 
and in the cone pen etrom eter (ac cord ing to dif fer ent au thors)
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Fig. 3. Grain size com po si tion of tested sam ples
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Fig. 4. X-ray dif frac tion pat terns of se lected sam ples of varved clays

A – for the dark layer, B – for the light layer

Fig. 5. X-ray dif frac tion pat tern of a se lected sam ple 
of ablational morainic tills



The re la tion ship was de ter mined ex per i men tally for a rel a -
tively wide range of wL val ues (18–89%) for nat u ral soils of sim i -
lar or i gins and oc cur rences.

The de ter mi na tion co ef fi cient (R2), one of the ba sic mea -
sures of the qual ity of model fit, in di cates what amount (in per -
cent age) of one vari able ex plains the vari ance of the sec ond
vari able. For the equa tion [1] it is 0.997 (Fig. 6), so it falls in the
so-called very good fit (Ziegel, 2004).

THE WL/CONE/WL/CUP CORRELATION FOR SOILS 
WITH LOW PLASTICITY

In this re search, an at tempt was made to es tab lish a re la -
tion ship be tween the liq uid limit val ues de ter mined in the
Casagrande ap pa ra tus and in the cone pen etrom eter for soils
with low plas tic ity (slightly plas tic soils). These are soils that
con tain a small ad mix ture of clay frac tion (<20%), and thus
have a low wL value (the min i mum liq uid limit value for North
Pol ish gla cial tills can even reach ap prox i mately 18%).

In the lit er a ture, this type of re search for soils with the low
liq uid limit value does not ap pear very of ten, e.g. wL = 13–48% 
or wL = 20–100% . It was found that the wL/cone/wL/cup cor re la tion
for soils with a low clay frac tion con tent (in this case for me dium
plas tic gla cial tills, wL = 18–30%) is much less ac cu rate than
that for soils with higher plas tic ity (varved clays) (Fig. 7).

The R2 co ef fi cient in the dis cussed cor re la tion for the tills is
0.857; thus, it is def i nitely lower than that for the varved clays
(R2 = 0.992) con tain ing 26–84% clay frac tion. This dif fer ence
may be caused by the gen er ally lower ac cu racy of de ter mi na -
tion of the liq uid limit in soils with a low value of this pa ram e ter.
Due to the high de gree of heterogranularity (Fig. 3) of gla cial
tills, the soil paste pre pared from them is usu ally less ho mo ge -
neous than the varved clay paste. In ad di tion, dur ing the tests in 
low and me dium plas tic ity soils, a prob lem with form ing the
smooth sur face of the sam ple in the Casagrande ap pa ra tus cup 
and in the probe of the cone pen etrom eter may oc cur, es pe -

cially at the lower mois ture con tent of the soil paste. This fact
may af fect the ac cu racy of the test re sults. It is rec om mended to 
con duct a larger num ber of anal y ses for soils with the wL value
<30% in or der to clar ify the re la tion ship be tween the liq uid limit
value de ter mined in the Casagrande ap pa ra tus and in the cone
pen etrom eter.

THE POINT OF EQUIVALENT RESULTS

Based on the tested soil paste sam ples, it was found that
the liq uid limit value ob tained in the Casagrande ap pa ra tus for
the soils with wL>22% was slightly higher (by ~5.5%) than that
ob tained in the cone pen etrom eter. How ever, if the wL value
does not ex ceed 22%, then the test re sults in the cone pen -
etrom eter are slightly over es ti mated (by ~3.5%) (Fig. 6).

Sim i lar ob ser va tions of a cer tain level of the liq uid limit value 
above which the Casagrande ap pa ra tus gives higher wL val ues
were made by many au thors, most of which are cited in this pa -
per (Ta ble 1). For the pur poses of this study, this level is called
“the point of equiv a lent re sults” (wL/cone= wL/cup). The point of
equiv a lent re sults in the plots of the wL/cup/wL/cone re la tion ship is
the in ter sec tion point of the given line with the func tion y = x
(Fig. 6). Based on the re search re sults pub lished by var i ous au -
thors (Ta ble 1), a di ver gence in wL/cone = wL/cup from ap prox i -
mately 16 to 188% wL can be found (Ta ble 2). The value of 22%
de ter mined in this work for Pol ish postglacial soils is in the lower 
part of this range. The po si tion of the point wL/cone = wL/cup was
de ter mined based on the cited stud ies in two ways. If the wL/cone

= wL/cup value was within the range of the liq uid limit val ues of the 
tested sam ples, then it was con sid ered that the point of equiv a -
lent re sults was de ter mined “ex per i men tally”. If, how ever, the
point of equiv a lent re sults was not in this range (i.e. it was not
de ter mined ex per i men tally) then, us ing the for mula of the func -
tion wL/cup/wL/cone, the graph was ex tended to the in ter sec tion
with the x = y line and wL/cone = wL/cup was read “the o ret i cally”
(Ta ble 2).
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Fig. 6. The re la tion ship be tween the liq uid limit value de ter mined in the Casagrande 
ap pa ra tus and in the cone pen etrom eter for the glacigenic soils of the North Pol ish

 Gla ci ation – varved clays and morainic tills



COMPARISON WITH PREVIOUSLY 
PUBLISHED RESULTS

Of 19 re la tion ships pub lished in the lit er a ture (Ta ble 1), 12
tend to be sim i lar to the cor re la tion de rived in the cur rent ar ti cle
(Ta ble 2), and the re main ing seven dif fer no tice ably. Seven of
the au thors sug gested that the liq uid limit value de ter mined in
the cone pen etrom eter is al ways greater than that de ter mined
in the Casagrande ap pa ra tus (Sampson and Netterberg, 1985;
Wasti and Bezirci, 1986; Queiroz de Carvalho, 1986; Orhan et
al., 2006; Dragoni et al., 2008; Fojtová et al., 2009; Di Matteo,
2012), and 12 of them claim that, in the higher range of the wL

value (above the point of equiv a lent re sults), the Casagrande
ap pa ra tus gives higher wL val ues than the cone pen etrom eter
(Wires, 1984; Belviso et al., 1985; Budhu, 1985; Leroueil and
Le Bihan, 1996; Sridharan et al., 1999; Özer, 2009; GrÝnbech
et al., 2011; Spagnoli, 2012). 

Among the pub lished cor re la tions, one of the clos est to that
pro posed in this study is the re la tion ship of wL/cone= 0.86wL/cup +
6.34 de rived by Leroueil and Le Bihan (1996) (Ta ble 2). This cor -
re la tion was de vel oped for ma rine silty clays and lac us trine
varved clays of east ern Can ada with the wL val ues in the range of 
30–74%. Sim i lar cor re la tions are also re ported by Wires (1984),
Belviso et al. (1985) and Özer (2009) (Fig. 2). How ever, the or i -
gins of the soils ana lysed in those stud ies were not pro vided.

One of the re la tion ships par tic u larly dif fer ent from Equa tion
[1], de rived on the ba sis of re search pre sented in this ar ti cle, is 
wL/cone = 1.07wL/cup + 2.18 pro posed by Queiroz de Carvalho
(1986). Such a dif fer ence sug gests that the wL value is sig nif i -
cantly higher in the case of test ing in a cone pen etrom eter. The
dif fer ence ac cord ing to the afore men tioned cor re la tion is about
3.5% for co he sive soils with a liq uid limit of 20%. This dif fer ence
in creases with the in crease in the wL value (to ~6% with wL =
50%). This cor re la tion was cre ated on the ba sis of re search on
co he sive soils that were formed as saprolite (laterite soils) orig i -
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Fig. 7. The re la tion ship be tween the liq uid limit value in the Casagrande ap pa ra tus and 
in the cone pen etrom eter as de ter mined sep a rately for: A – varved clays, B – gla cial tills



nat ing from north ern and north easter Brazil. The dif fer ence in
the re search re sults men tioned above can there fore be caused
by a dis tinctly dif fer ent gen e sis of land.

In 2012, Di Matteo at tempted to cre ate a uni ver sal
wL/cup/wL/cone cor re la tion. For this pur pose, he used the re sults
of tests pub lished ear lier by var i ous au thors (100 sam ples of
soils of dif fer ent or i gins). In this way, the re la tion ship wL/cone =
1.00wL/cup + 2.20 was de rived. It was de ter mined, how ever, in a 
fairly nar row range of the liq uid limit value (24–40%) and sug -
gests that the cone pen etrom eter al ways over es ti mates
slightly the re sults ob tained from the Casagrande ap pa ra tus
(Ta ble 1). The con clu sions from these con sid er ations do not
co in cide with the re sults ob tained for Pol ish postglacial de pos -
its, be cause, as pre vi ously stated, the liq uid limit value of the
dis cussed soils de ter mined in the Casagrande ap pa ra tus is
usu ally slightly above 22%. 

CONCLUSIONS

The pur pose of re search pre sented in this ar ti cle was to de -
ter mine the liq uid limit val ues of co he sive soils us ing var i ous
lab o ra tory meth ods. Soils with a wide range of clay frac tion con -
tent were tested. The ages, or i gins and oc cur rences of these
soils were sim i lar. All tested sam ples were gla cial soils from the
youn gest gla ci ation in west ern Po land. Based on the re search
re sults and their com par i son with the ex ist ing lit er a ture the fol -
low ing con clu sions can be drawn:

– It is dif fi cult to de rive a gen er al ized and uni ver sal re la tion -
ship be tween the liq uid limit value de ter mined in the Casa -
grande ap pa ra tus (wL/cup) and in the cone pen etrom eter
(wL/cone).

– How ever, such cor re la tions can be de ter mined for soils of
sim i lar gen e sis and sim i lar min eral com po si tion, e.g. sed i -
ments of the youn gest gla ci ation in the north ern hemi -
sphere.

– In or der to com pare the wL/cup and wL/cone val ues, the lin ear
func tion (Equa tion 1) can be used for the glacigenic soils of
the youn gest gla ci ation (gla cial tills and varved clays) de -
pos ited in the Pol ish Low lands.

– Equa tion  [1] can be used as the amend ment for de vel op ing
com pi la tions of the liq uid limit val ues or other geotechnical
pa ram e ters de ter mined on its ba sis by the in di rect method
for the afore men tioned soils. If the re sults in these com pi la -
tions come from con tem po rary and ar chi val lab o ra tory tests
it is nec es sary to check which method the liq uid limit was
de ter mined with and, if nec es sary, cor rect it ac cord ing to
Equa tion [1].

– Fu ture re search on de ter min ing the liq uid limit of nat u ral
soils in low ranges of this pa ram e ter (wL<30%) should be in -
ten si fied.

– The spe cific liq uid limit value above which the Casagrande
ap pa ra tus gives higher wL val ues can be de ter mined. For the
pur poses of this study, this value was called “the point of
equiv a lent re sults” (wL/cone=wL/cup). For Pol ish postglacial soils 
ex am ined in this pa per the value of wL/cone=wL/cup is 22%.
It is ad vised to stan dard ize the method used to de ter mine

the liq uid limit. Fol low ing the rec om men da tion given in Euro -
code 7, us ing the cone pen etrom eter, in both sci en tific and
com mer cial lab o ra to ries, would be a good en gi neer ing prac tice.

Ac knowl edg ements. The au thors would like to thank the
Re view ers for their con struc tive com ments and ap pre ci a tion to
our work.
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T a  b l e  2

The value of the point of equiv a lences of re sults (wL/cone = wL/cup) ac cord ing to dif fer ent au thors (as cend ing)

No. Au thor, year
The point of equiv a lent of re sults

(wL/cone=cup)
The wL [%] range

of re search
The way of find ing

wL/cone=cup

1 Wires (1984) 16.17 when wL >16% wL/cup>wL/cone 32–52 the o ret i cally

2 Sherwood and Ryley
(1970) 19.00 when wL >19% wL/cup>wL/cone 30–72 the o ret i cally

3 Pres ent study 22.00 when wL >22% wL/cup>wL/cone 18–89 ex per i men tally

4 Karlsson (1961, 1977) 33.47 when wL >33% wL/cup>wL/cone 30–76 ex per i men tally

5 Belviso et al. (1985) 39.67 when wL >40% wL/cup>wL/cone 34–134 ex per i men tally

6 Leroueil, Le Bihan (1996) 45.29 when wL >45% wL/cup>wL/cone 30–74 ex per i men tally

7 Little ton, Farmilo (1977) 53.33 when wL >53% wL/cup>wL/cone no data no data

8 Sridharan, Prakash (2000) 55.28 when wL >55% wL/cup>wL/cone 32–92 ex per i men tally

9 Özer (2009) 60.40 when wL >60% wL/cup>wL/cone 29–104 ex per i men tally

10 Budhu (1985) 61.43 when wL >61% wL/cup>wL/cone 20–100 ex per i men tally

11 Sridharan et al. (1999) 63.53 when wL >64% wL/cup>wL/cone 29–92 ex per i men tally

12 Spagnoli (2012) 105.00 when wL >105% wL/cup>wL/cone 28–61 the o ret i cally

13 GrÝnbech et al. (2011) 188.00 when wL >188% wL/cup>wL/cone 100–340 ex per i men tally
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