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The li quid ity in dex (IL), as the lead ing pa ram e ter for co he sive de pos its, de ter mines the phys i cal con di tion of the soil and
shows clear and im por tant cor re la tions with the me chan i cal and hy drau lic pa ram e ters of the sub soil, such as com press ibil ity, 
shear strength and per me abil ity. In the tra di tional ap proach, to cal cu late the IL value, it is nec es sary to know the val ues of
three pa ram e ters de ter mined in the lab o ra tory: nat u ral mois ture con tent (wn) and the con sis tency lim its: plas tic limit (wP) and
liq uid limit (wL). Var i ous meth ods of de ter min ing these pa ram e ters have de vel oped over time. This di ver sity ap plies in par tic -
u lar to meth ods of de ter min ing the liq uid limit, and to a lesser ex tent the plas tic limit. IL val ues may vary de pend ing on the
meth od ol ogy used to de ter mine its com po nents, and mak ing com par i sons be tween them is an im por tant is sue in en gi neer -
ing ge ol ogy. The lit er a ture on the sub ject of fers pro pos als for uni ver sal cor re la tion re la tion ships be tween IL or wL val ues de -
ter mined on the ba sis of var i ous re search meth ods. How ever, a ques tion arises whether such cor re la tions can be cre ated as
gen er al ized for all co he sive de pos its, or should they have lo cal fea tures and be cre ated for in di vid ual ge netic groups. As part
of this ar ti cle, lab o ra tory tests were car ried out on glacigenic clays of dif fer ent ages, de vel oped in dif fer ent fa cies. Their re -
sults show that cor re la tions be tween the val ues of the li quid ity in dex vary de pend ing on var i ous lab o ra tory meth ods used to
cal cu late this pa ram e ter. 
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INTRODUCTION

Co he sive de pos its (com monly termed “soils” by en gi neer -
ing ge ol o gists), oc cur ring com monly in the sub soil, may have
var i ous geo log i cal or i gins. They can be postglacial, lacustrine,
ma rine, flu vial, stag na tion, weath er ing, ae olian, vol ca nic or
even anthropogenic de pos its of var i ous fa cies (Selley, 2000;
Nichols, 2009; Leeder, 2012; Ford et al., 2014). There fore, they
dif fer from each other in terms of min eral and petrographic
com po si tion, struc ture and tex ture, and the de gree of con sol i -
da tion, these not al ways be ing taken into ac count in geo log i -
cal-en gi neer ing stud ies.

One of the ba sic geo log i cal-en gi neer ing pa ram e ters is the
IL. As a lead ing pa ram e ter for co he sive de pos its, it de ter mines
the phys i cal state of the soil and shows clear and im por tant cor -
re la tions with the me chan i cal and hy drau lic pa ram e ters of the
sub soil, such as com press ibil ity, shear strength and per me abil -
ity (Wes ley, 2003; Niedzielski et al., 2006; Dragoni et al., 2008).
In Pol ish en gi neer ing prac tice, its value is used to de ter mine

many geotechnical pa ram e ters us ing the in di rect method, i.e.
on the ba sis of the ex ist ing cor re la tion re la tion ships and not on
the ba sis of the re sults of lab o ra tory or field tests. This method
is com monly used for less com plex build ing struc tures, founded 
in less com pli cated soil-un der ground wa ter con di tions. With this 
method, it is pos si ble to de ter mine pa ram e ters such as bulk
den sity (r), in ter nal fric tion an gle (F), co he sion (c), shear
strength (tf) at a given nor mal stress, pri mary de for ma tion
modulus (E0) and oedometer con strained modulus of elas tic ity
(M0).

In the tra di tional ap proach, to cal cu late the IL value, it is nec -
es sary to know the val ues of three pa ram e ters de ter mined in
the lab o ra tory: wn and the con sis tency lim its: wP and wL, ac cord -
ing to for mula [1]:
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where: wn – nat u ral mois ture con tent of the soil [%]; wP – plas tic limit
[%]; wL – liq uid limit [%]; IP – plas tic ity in dex [%]. 

Var i ous meth ods of de ter min ing these pa ram e ters have de -
vel oped over time. This di ver sity ap plies es pe cially to meth ods
of de ter min ing the liq uid limit (Casagrande, 1932; Hansbo,
1957; Sherwood and Ryley, 1970;  Leroueil and Le Bihan,
1996; Mohajerani, 1999; PN-88/B-04481; PN-EN 1997-2:
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2009) and to a lesser ex tent the plas tic limit (Casagrande,
1932; Camp bell, 1976; Wood and Wroth, 1978; Bobrowski and
Griekspoor, 1992; Feng, 2004). There fore, it can be as sumed
that the value of the li quid ity in dex may vary de pend ing on the
meth od ol ogy of de ter min ing its com po nents. Com par ing IL val -
ues cal cu lated on the ba sis of var i ous re search meth ods is an
im por tant is sue in en gi neer ing ge ol ogy (Wires, 1984; Belviso et
al., 1985; Budhu, 1985; Wasti and Bezirci, 1986; Wasti, 1987;
Christaras, 1991; Leroueil and Le Bihan, 1996; Suchnicka,
1999; Orhan et al., 2006; Dragoni et al., 2008; Fojtová et al.,
2009; Özer, 2009; GrÝnbech et al., 2011; Di Matteo, 2012;
Spagnoli, 2012; Jaœkie wicz and Wszêdyrówny-Nast, 2013;
Hrubesova et al., 2016; O’Kelly et al., 2018; Krawczyk et al.,
2019). Re search in this field is of ten con ducted in iso la tion from
the geo log i cal or i gin of the sed i ment be ing tested – on de pos its
of var i ous or i gins (Orhan et al., 2006; Dragoni et al., 2008;
Özer, 2009; Fojtová et al., 2009; Di Matteo, 2012) or on ar ti fi cial
min eral sam ples con sist ing of a mix ture of ran dom par ti cles
(Sridharan et al., 1999). This pro ce dure is nec es sary in at -
tempt ing to es tab lish a gen er al ized re la tion ship be tween the re -
sults of var i ous re search meth ods. How ever, a ques tion arises
whether such cor re la tions can be formed as uni ver sal for all co -
he sive de pos its or should they have lo cal fea tures and be cre -
ated for in di vid ual ge netic groups.

In this ar ti cle I seek to es tab lish whether the or i gin of co he -
sive de pos its and the re lated ge netic fea tures of the sed i ment
af fect the ac cu racy of de ter mi na tion of ba sic geotechnical pa -
ram e ters, such as con sis tency lim its (in par tic u lar the wL) and
the IL. This is based on con struct ing cor re la tion re la tion ships

be tween IL val ues cal cu lated on the ba sis of var i ous re search
meth ods, and then com par ing the re sults (as math e mat i cal for -
mu lae) for three dif fer ent groups of co he sive de pos its. 

MATERIAL AND METHODS

The ma te ri als stud ied were nat u ral soils oc cur ring in north -
ern and cen tral Po land (Fig. 1), char ac ter ized by a sim i lar geo -
log i cal or i gin but di vided into three sep a rate fa cies. These were
the North Pol ish Gla ci ation tills (of ablational and basal fa cies)
and Mid dle Pol ish Gla ci ation tills (of basal fa cies). Out crop ping
across a rel a tively large area of the Eu ro pean Low lands, these
de pos its of ten con sti tute a build ing sub soil.

Ac cord ing to the old Pol ish stan dard (PN-86/B-02480),
these North Pol ish Gla ci ation soils are clas si fied as sandy tills,
less of ten clayey sands and clayey sandy tills. Ac cord ing to the
Eu ro pean stan dard iza tion sys tem (PN-EN ISO 14688-2), they
are clas si fied as clays with sand and silt, clays with silt and sand 
and sands with clay and silt. A char ac ter is tic fea ture of the soils
un der dis cus sion is their high sand con tent (sand frac tion con -
tent of ~47–73%) and a small ad mix ture of gravel in each sam -
ple (av er age slightly >4%). The tills in ques tion are clas si fied
mainly as me dium-co he sive soils by en gi neer ing ge ol o gists,
but also as low and high co he sive soils, in which the con tent of
the clay frac tion ranges from ~8 to 21% (Fig. 2).

The pa ram e ters of the tested de pos its shown on the
Casagrande plas tic ity chart clas sify them in the group of low

2 Dorota Anna Krawczyk / Geological Quarterly, 2025, 69, 18

research area

Poznañ

Poland

research area

       1 km

Fig. 1. Lo ca tion of the study area (co he sive soil sam pling sites) 
on a map of Poznañ (Po land)
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plas tic ity clays. The points rep re sent ing all the sam ples tested
are ar ranged ex actly on the U-line, which means that these
soils show very low val ues of the liq uid limit (Fig. 3).

The main clay com po nents of tills of the youn gest gla ci ation
are illite, smectite, kaolinite and mixed-layer min er als of the
smectite/illite type (Ta ble 1 and Fig. 4).

The nat u ral mois ture con tent of the clays tested is in the
range of 12–15% (Fig. 5).

They oc cur mainly in the plas tic state, rarely in the stiff-plas -
tic state (the av er age value of the li quid ity in dex ranges from
0.26–0.35, de pend ing on the meth od ol ogy of the de ter mi na -
tion; Fig. 6).

In the study area, tills of the youn gest gla ci ation form a
clearly bi par tite suc ces sion. De pos its lo cated from the ground
sur face to ~4–5 m b.g.l. are yel low-brown (Fig. 7), with a
pseudo-lay ered struc ture (the lay er ing ap pears as lenses and

grey sandy and silty interbeds) whereas at deeper lev els, down
to ~7–9 m b.g.l., they are re placed by brown tills (Fig. 7) char ac -
ter ized by a mas sive, ho mo ge neous struc ture. These have
been clas si fied as ablational and basal tills, re spec tively.

One cri te rion for the fa cies clas si fi ca tion of the tills ex am -
ined is the petrographic com po si tion of the gravel frac tion. In
the ablational tills, the ma te rial orig i nat ing from long-dis tance
trans port, i.e. mainly frag ments of Scan di na vian rocks, dom i -
nates. Basal tills con tain more rocks of lo cal or i gin, which can
be ex plained by the mode of trans port of the subglacial ma te rial
(Figs. 8 and 9).

Ac cord ing to the Pol ish stan dard (PN-86/B-02480), Mid dle
Pol ish Gla ci ation tills (so-called “grey tills”) are sandy tills and
less of ten clayey sands. How ever, ac cord ing to the Eu ro pean
stan dard iza tion sys tem (PN-EN ISO 14688-2:2018-05P), they
are clas si fied as clays with sand and silt (), and some times as
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Fig. 2. The granulometric com po si tion of the co he sive de pos its used for the tests shown by means of tri an gu lar di a grams ac cord -
ing to the Pol ish stan dard PN-86/B-02480: A – sam ples of the North Pol ish Gla ci ation tills, ablational fa cies; B – sam ples of the

North Pol ish Gla ci ation tills, basal fa cies; C – sam ples of the Mid dle Pol ish Gla ci ation tills

fp’ – sand frac tion, fp’ – silt frac tion, fi’ – clay frac tion (the con tent of in di vid ual frac tions is given as a value dis count ing frac tions >2 mm); Pg –

clayey sand, Pp – sandy silt, P – silt, Gp – sandy till, G – till, Gp – silty till, Gpz – clayey sandy till, Gz – clayey till, Gpz – clayey silty till, Ip –

sandy clay, I – clay, Ip – silty clay



sands with clay and silt (). Sim i larly to youn ger de pos its, the
Mid dle Pol ish Gla ci ation tills are char ac ter ized by a small ad -
mix ture of the gravel frac tion in all sam ples (av er age slightly
>4%) and the quan ti ta tive dom i nance of the sand frac tion
(~58–67%). How ever, these de pos its are more ho mo ge neous
in terms of the con tent of the clay frac tion (9–16%) (Fig. 2). The
main com po nents com pris ing the fin est frac tion are illite,
kaolinite, ver mic u lite and swell ing chlorite (Ta ble 1 and Fig. 4).
The nat u ral mois ture con tent of Mid dle Pol ish Gla ci ation tills is
sta tis ti cally slightly higher than the mois ture con tent of clays of
the youn ger gla ci ation and av er ages ~14.5% (Fig. 5). On the
other hand, the val ues of the li quid ity in dex are much higher (on
av er age from 0.38 to 0.49, de pend ing on the de ter mi na tion
meth od ol ogy) (Fig. 6), which means that the grey tills in ques -
tion are in a plas tic and soft-plas tic state, less of ten in a
stiff-plas tic state (PN-86/B-02480). Mid dle Pol ish Gla ci ation tills 
oc cur ring in the study area are dark grey in col our (Fig. 7), ho -
mo ge neous, mas sive and with out any interlayers or lenses.

Based on this geo log i cal rec og ni tion, the re search was car -
ried sep a rately for North Pol ish Gla ci ation tills (ablational and
basal) and Mid dle Pol ish Gla ci ation tills. Dur ing the mul ti fac eted 
study of the li quid ity in dex, the re sults ob tained from these tills
con sti tuted three sep a rate datasets.

Dur ing the lab o ra tory tests of these gla cial tills, the fol low ing
pa ram e ters were de ter mined: the val ues of wn us ing the
oven-dry ing method (PN-88/B-04481), the val ues of plas tic limit 
(wP) us ing the roll ing method (PN-88/B-04481) and the val ues
of wL us ing four dif fer ent meth ods:

– Casagrande ap pa ra tus – wLcup (PN-88/B-04481);
– cone pen etrom eter us ing the “Pol ish” method – wLconePN

(Ta ble 2);
– cone pen etrom eter us ing the “Brit ish” method – wLcone80 (Ta -

ble 2);
– cone pen etrom eter us ing the “Swed ish” method – wLcone60

(Ta ble 2).
The Casagrande ap pa ra tus with a so-called “hard” rub ber

base (70 ±2 shore de grees) and a me chan i cal drive, and a
semi-au to matic cone pen etrom eter with two in ter change able
cone tips (Fig. 10) were used to de ter mine the value of the liq uid 
limit.

All these stud ies were car ried out on 80 gla cial till sam ples
(47 sam ples from tills of the North Pol ish Gla ci ation, Leszno
Phase, in clud ing 23 of ablational fa cies and 24 of basal fa cies,
and 33 sam ples from tills of the Mid dle Pol ish Glaciations,
Warta Gla ci ation).
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Fig. 3. The char ac ter is tics of the co he sive de pos its tested, shown on a Casagrande
plas tic ity chart ac cord ing to the Pol ish stan dard PN-EN ISO 14688-2:2018-05P

Cl – clay, Si – silt, L – low, M – me dium, H – high, V – very high plas tic ity 

T a  b l e  1  

Min eral com po si tion of the clay frac tion of gla cial tills in Poznañ (Krawczyk, 2016)

Age of glacigenic de pos its Clay min er als Other min er als in clay frac tion

Tills of the Leszno Phase of the North Pol ish
Gla ci ation (both ablational and basal)

mixed-layer min er als smectite/illite, illite,
smectite, kaolinite

cal cite, do lo mite, plagioclase – an or thite
and bytownite

Tills of the Warta Gla ci ation 
of the Mid dle Pol ish Glaciations illite, kaolinite, ver mic u lite, swell ing chlorite quartz, cal cite, plagioclase – an or thite,

am phi bole
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In or der to de ter mine the con sis tency and phys i cal states of
the tills, the val ues of the IL were cal cu lated ac cord ing to for -
mula [1]. Cal cu la tions were made based on the val ues of wn, wP

and wLcup, wLcone80, wLcone60, wLconePN. For each sam ple tested,
four val ues of the li quid ity in dex were so ob tained: ILcup, ILcone80,
ILcone60, ILconePN.

The test re sults were used to com pare the li quid ity in dex
val ues de ter mined on the ba sis of var i ous lab o ra tory meth ods
and to form cor re la tion re la tion ships be tween them. These re la -
tion ships were cre ated for each ge netic type of till sep a rately
and then com pared with each other.

RESULTS 
AND THEIR INTERPRETATION

Com par i son of the liq uid limit value de ter mined by var i ous
lab o ra tory meth ods in all sam ples tested is shown in Fig ure 11.

The Casagrande test (PN-88/B-04481) was adopted as the
ref er ence method for de ter min ing the wL value due to the wide -

spread use of this method in Po land and Eu rope. The test re -
sults ob tained with other stan dard meth ods were com pared to
the value of the liq uid limit de ter mined by the ref er ence method.
The cor re la tion re la tion ships shown are clear and dem on strate
the good qual ity of the model fit; the value of the co ef fi cient of
de ter mi na tion R2 ranges from 0.84 to 0.89 (Fig. 11).

How ever, af ter sep a rat ing the re sults ob tained in dif fer ent till 
fa cies groups, it turns out that the cor re la tion re la tion ships dis -
cussed gain in ac cu racy, and the val ues of the R2 co ef fi cient in -
crease by an av er age of 0.06, rang ing from 0.89 to 0.96 (Fig.
12). Other stud ies con ducted for Pol ish de pos its also show that
dif fer ences in wL val ues de ter mined by var i ous lab o ra tory meth -
ods de pend on li thol ogy (Kowalska et al., 2017). Ac cord ing to
these stud ies, the great est dif fer ences be tween wLcone80 and
wLcup are noted where there is a high con tent of sand frac tion (in
Qua ter nary sandy tills), i.e. de pos its sim i lar to those of this
study.

Fig ure 12 shows that the wLcup/wLcone cor re la tions, de ter -
mined in the range of ~17–30% of the wL value, show a dif fer ent 
pat tern for tills of dif fer ent ages (North and Mid dle Pol ish Gla -
cia tions) and a closer one for tills of the same age, but of dif fer -
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Fig. 4. X-ray diffractograms of the gla cial tills stud ied



ent fa cies. This phe nom e non may be caused by the sim i lar ity of 
the min eral com po si tion of the clay frac tion in clays of the same
age (Ta ble 1).

There are many pub lished at tempts to cor re late wL val ues
de ter mined by dif fer ent meth ods (Krawczyk et al., 2019). Most
are based on the re sults of stud ies of strictly de fined groups of
de pos its (e.g., Matusiewicz et al., 2016), and some are of a re -
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Fig. 5. Dis tri bu tion of mois ture con tent with depth

Fig. 6. Av er age val ues of the li quid ity in dex de ter mined by
four meth ods for tills of dif fer ent fa cies

IL – value of the li quid ity in dex cal cu lated on the ba sis of the value of
the liq uid limit de ter mined in: ILcup – Casagrande ap pa ra tus; ILcone80 –
cone pen etrom eter us ing the “Brit ish” method (Ta ble 2); ILcone60 –
cone pen etrom eter us ing the “Swed ish” method (Ta ble 2); ILconePN –

cone pen etrom eter us ing the “Pol ish” method (Ta ble 2) 

Fig. 7 Till sam ples dur ing mac ro scopic ex am i na tion, from the
left: yel low-brown lay ered North Pol ish Gla ci ation tills (abla -
tional), brown North Pol ish Gla ci ation tills (basal), Mid dle Pol -
ish Gla ci ation grey till

Fig. 8. The share of Scan di na vian com po nents in the
petrographic com po si tion of the me dium gravel frac tion

(5–10 mm) from the North and Mid dle Pol ish Gla ci ation tills

Kr – crys tal line rocks, Wp – lime stones, Dp – dolomites, £p –
shales, Qp – quartz, Pp – sand stones and quartzites

Fig. 9. The share of lo cal com po nents in the petrographic
com po si tion of the me dium gravel frac tion (5–10 mm) from

the North and Mid dle Pol ish Gla ci ation tills

W – lime stones, P – sand stones, Q – quartz, Krz – flints, 
R – horn stones, M1 and M2 – mudstones, C – coal

http://dx.doi.org/10.7306/gq.1497


view na ture – they at tempt to cre ate one uni ver sal cor re la tion
based on the wide-rang ing data avail able in the lit er a ture
(O’Kelly et al., 2018). Fig ure 13 il lus trates 3 equa tions il lus trat -
ing the wLcone80/wLcup re la tion ship. One of them is the re sult of
this re search (Fig. 11), the sec ond is a uni ver sal cor re la tion
(O’Kelly et al., 2018), and the third is a re la tion ship cre ated for
Pol ish co he sive de pos its (Matusiewicz et al., 2016). As can be
seen in the range of low liq uid limit val ues (~17–30%), in which
the stud ies were con ducted, these cor re la tions are dis tant from
each other (they lie on the op po site side of the line of equal ity).
For this rea son, for cer tain lithological groups with a pre cisely
de fined geo log i cal gen e sis it is jus ti fied to cre ate this type of
cor re la tion at the lo cal level.

Re gard less of the method of lab o ra tory de ter mi na tion of the 
liq uid limit, its value is used to cal cu late the li quid ity in dex.
There fore, it af fects the fi nal value of the lead ing pa ram e ter for
co he sive de pos its. The gla cial tills ex am ined in this ar ti cle were
in all three states of plas tic con sis tency, so the re sults were ob -
tained in a wide range of li quid ity in dex – from 0.18 to 0.63 (ac -
cord ing to the tests us ing the Casagrande ap pa ra tus) (Ta ble 3). 
A com par i son of the av er age IL val ues ob tained for dif fer ent ge -

netic types of clay shows that the cone pen etrom eter method
per formed ac cord ing to the Eurocode rules (PKN-CEN ISO/TS
17892-12:2009) usu ally gives slightly higher re sults than the
Casagrande method and def i nitely higher than the cone pen -
etrom eter method per formed ac cord ing to the rules of the Pol -
ish stan dard (PN-88/B-04481; Fig. 6). Other stud ies con ducted
for Pol ish de pos its also show dif fer en ti a tion of the ILcone80/ILcup

cor re la tion de pend ing on the de posit type. They show that the
change in the IL value is most sig nif i cant in the group with low
plas tic ity, i.e. char ac ter ized by the plas tic ity in dex value IP =
10–20% (in sandy tills). Sim i larly, the most sen si tive to the
change in the IL value are de pos its in a plas tic state, i.e. show -
ing IL val ues = 0.25–0.50 [-] (Jaœkiewicz and Wszêdyrówny -
-Nast, 2013).

The re sults of cal cu la tions of the li quid ity in dex car ried out
on the ba sis of var i ous lab o ra tory meth ods for de ter mi na tion of
wL prove that the cor re la tion re la tion ships be tween them are dif -
fer ent in dif fer ent ge netic types of tills. De spite this, these re la -
tion ships for North Pol ish Gla ci ation tills formed in two dif fer ent
fa cies are quite con ver gent – pre sented to gether in the form of
re gres sion lines for sam ples of ablational and basal clays of the
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Ta b l e  2  

Pa ram e ters of cones used in a fall-cone pen etrom eter and data on their us age

Com mon name 
of the method

Cone mass 
[g]

Top an gle
of the cone

[°]

Depth of pen e tra tion 
cor re spond ing to wL 

[mm]

Cone 
pen e tra tion range

[mm]

Stan dard/tech ni cal 
spec i fi ca tion

“Brit ish” 80 30 20 15–25 PKN-CEN ISO/TS
17892-12:2009

“Swed ish” 60 60 10 7–15 PKN-CEN ISO/TS
17892-12:2009

“Pol ish” 80 30

18

wL = 0.043w18
2+0.8873w18+3

62

12–20 PN-88/B-04481

w18 – mois ture con tent of the soil paste which the pen etrom eter cone pen e trates to a depth of 18 mm

Fig. 10. Tools used to de ter mine the liq uid limit value: a me chan i cally
driven Casagrande ap pa ra tus (left) and a semi-au to matic 

cone pen etrom eter (right)

https://doi.org/10.1680/jgeot.17.R.039
https://doi.org/10.1680/jgeot.17.R.039


youn gest gla ci ation, they still show a high value of the co ef fi -
cient of de ter mi na tion (R2 >0.85), which in di cates good or very
good qual ity of model fit (Sobczyk, 1995). There fore, the re la -
tion ships dis cussed are pre sented sep a rately for the North Pol -
ish Gla ci ation tills (for the ablational and basal fa cies to gether)
and the Mid dle Pol ish Gla ci ation tills (Fig. 14).

Stud ies con ducted on glacigenic clays oc cur ring in the vi -
cin ity of Poznañ al low the for mu la tion of the fol low ing cor re la -
tion re la tion ships be tween the value of the li quid ity in dex de ter -
mined on the ba sis of tests in the Casagrande ap pa ra tus (ILcup)
and in the cone pen etrom eter (ILcone) with var i ous stan dard
meth ods (Fig. 14):

– for North Pol ish Gla ci ation tills:

ILcone80 = 0.90ILcup + 0.041; [R2 = 0.86; n = 47] [2]

ILcone60 = 0.88ILcup + 0.045; [R2 = 0.86; n = 47] [3]

ILconePN = 0.70ILcup + 0.051; [R2 = 0.86; n = 47] [4]
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Fig. 11. Re la tion ship be tween the value of the liq uid limit de ter -
mined in the Casagrande ap pa ra tus (wLcup) and in the cone pen -
etrom eter us ing the “Brit ish” (wLcone80), “Swed ish” (wLcone60) and
“Pol ish” (wLconePN) meth ods Fig. 12. Re la tion ship be tween the value of the liq uid limit de ter -

mined in the Casagrande ap pa ra tus (wLcup) and in the cone pen -
etrom eter us ing the “Brit ish” (wLcone80), “Swed ish” (wLcone60)
and “Pol ish” (wLconePN) meth ods in the di vi sion into ge netic
groups of gla cial tills



– for Mid dle Pol ish Gla ci ation tills:

ILcone80 = 0.87ILcup + 0.106; [R2 = 0.91; n = 33] [5]

ILcone60 = 0.88ILcup + 0.120; [R2 = 0.87; n = 33] [6]

ILconePN = 0.67ILcup + 0.100; [R2 = 0.86; n = 33] [7]

Af ter cor rec tion based on the above equa tions, the IL val ues 
ob tained in the pen etrom eter ac cord ing to the Eurocode rules
(PKN-CEN ISO/TS 17892-12:2009) are close to the ILcup val -
ues. The dif fer ence be tween them is usu ally –0.01 in North Pol -
ish Gla ci ation tills and 0.05 in Mid dle Pol ish Gla ci ation tills. The
low est cor re spon dence was ob tained for the pen etrom eter
method with the “Pol ish” cone and the ref er ence method. The
dif fer ence be tween ILcup and the cor rected ILconePN ranges from
–0.02 to 0.11.

SUMMARY AND CONCLUSIONS

Lab o ra tory tests were con ducted on gla cial tills of var i ous
ages and de vel oped in dif fer ent fa cies. Three groups of de pos -
its were char ac ter ized based on ge netic in di ca tors such as the
min eral com po si tion of the clay frac tion, the petrographic com -
po si tion of the gravel frac tion, and the granulometric dis tri bu -
tion. Sub se quently, the nat u ral mois ture con tent, plas tic limit,
and liq uid limit (us ing four dif fer ent lab o ra tory meth ods) were
de ter mined. Based on these re sults, IL val ues were cal cu lated
for each sam ple tested. The IL val ues were then com pared, and
cor re la tion re la tion ships were es tab lished. These re la tion ships
were ana lysed both col lec tively for all de pos its and sep a rately
within each ge netic group. The re sults in di cate that even among 
de pos its of sim i lar or i gin, but de vel oped in dif fer ent fa cies, the
cor re la tion pat terns be tween IL val ues ob tained us ing dif fer ent
lab o ra tory meth ods may vary sig nif i cantly. Es tab lish ing gen er -
al ized, uni ver sal cor re la tions be tween re sults de rived from dif -
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Fig. 13. Re la tion ship be tween the value of the liq uid limit de ter mined in the Casagrande
ap pa ra tus (wLcup) and in the cone pen etrom eter us ing the “Brit ish” (wLcone80) method 

ac cord ing to dif fer ent au thors

T a  b l e  3

List of min i mum, max i mum and av er age val ues of the li quid ity in dex de ter mined by four dif fer ent stan dard meth ods

The type of tested soils

Value of the li quid ity in dex [-]

– range; arith me tic av er age

ILcup ILcone80 ILcone60 ILconePN

North Pol ish Gla ci ation tills
ablational 0.18–0.42

0.30
0.21–0.45

0.31
0.21–0.44

0.31
0.18–0.39

0.26

basal 0.24–0.43
0.34

0.27–0.43
0.35

0.26–0.43
0.34

0.23–0.37
0.29

Mid dle Pol ish Gla ci ation tills 0.24–0.63
0.42

0.29–0.64
0.47

0.31–0.65
0.49

0.24–0.50
0.38



fer ent test ing stan dards re mains a rel e vant is sue in en gi neer ing 
ge ol ogy (O’Kelly et al., 2018). How ever, it is ar gued that de vel -
op ing lo cal ized cor re la tions for ge net i cally sim i lar lithological
groups is equally im por tant. Such cor re la tions can aid in the ac -
cu rate iden ti fi ca tion of re gion-spe cific de pos its and serve as a

ba sis for cal i brat ing and cor rect ing test re sults ob tained with dif -
fer ent meth ods, par tic u larly in the con text of var i ous geo log i -
cal-en gi neer ing stud ies con ducted within the same area.
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