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The re vi sion of clas si fi ca tion meth od ol o gies for de ter mi na tion of soil expansivity re vealed that pa ram e ters most fre quently
used for this pur pose are: the liq uid limit, plas tic ity in dex and swell ing pa ram e ters which also pre dom i nate in older sys tems of 
ex pan sive soil as sess ment, re garded as clas si cal. Sev enty-nine soil sam ples, in clud ing Neo gene clays and glaciall tills from
cen tral Po land, with a wide range of plas tic ity were ex am ined for a com par a tive anal y sis of soil expansivity with a use of eight
em pir i cal meth ods. The study re vealed that Neo gene clays are mostly highly and very highly ex pan sive, while gla cial tills ex -
hibit low to me dium expansivity. Com pared to clas si fi ca tions con sid er ing soil min er al ogy in di ca tors, those cor re lated solely
to Atterberg lim its and re lated pa ram e ters were found to over es ti mate soil expansivity. It is ev i dent that the clas si fi ca tions are 
in better agree ment for gla cial tills than for clays. The com par i son of min eral com po si tion mea sured and pre dicted from
swell ing tests yielded con sis tent re sults.
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INTRODUCTION

The rec og ni tion of soil prop er ties is a key step to be taken in
site in ves ti ga tions, foun da tion de sign and spa tial plan ning. The
char ac ter is tics of soil ex pressed as val ues of the spe cific pa -
ram e ters, and the as sess ment of geo logic con di tions are never
un ques tion able, but charged with un cer tainty re sult ing from
three cru cial fac tors: the ran dom na ture of the en vi ron ment, in -
ad e quate rec og ni tion of its prop er ties and in com plete ness of
data (Staveren, 2006) As in di cated by Haury³kiewicz (2005),
fea si ble er rors (likely to be made) are im por tant, too.

Now a days, nu mer ous pro ce dures of soil iden ti fi ca tion are
avail able, in clud ing those for ex pan sive soils. This is a vi tal is -
sue, as much as it ap plies to prac ti cally all geo graph ical sites
world wide. Over the years, nu mer ous di rect and in di rect meth -
od ol o gies for the as sess ment of ex pan sive soil prop er ties have
been of fered. De scribed in pro fes sional lit er a ture, they are
based on dif fer ent pa ram e ters and show a sub stan tial di ver sity. 
Is, there fore, expansivity as sess ment al ways re li able? Will clas -
si fi ca tions based on dif fer ent in dexes con vinc ingly as sess the
expansivity of the soils ex am ined? The pres ent pa per is an at -
tempt at an swer ing this ques tion based on a case study of
some ex pan sive soils of Po land.

The highly swell ing soils of Po land are rep re sented by Neo -
gene clays, com monly known as clays of the Poznañ For ma -

tion, Mio cene clays of the Carpathian Foredeep and Oligocene
clays known from cen tral and NW Po land (Kaczyñski and
Grabowska-Olszewska, 1997). The Qua ter nary gla cial tills and
varved clays of cen tral Po land are gen er ally be lieved not to
pose haz ards to build ing ob jects (ITB 296, 1990). Nev er the less, 
in or der to check the con sis tency of expansivity clas si fi ca tions
for soils of a wide plas tic ity range, the pres ent stud ies in cluded
both Neo gene clays and gla cial tills (Fig. 1).

METHODOLOGY

Ac cord ing to O’Neill and Poormonyed (1980), the meth od -
ol ogy for foun da tion de sign on an ex pan sive clay site re quires
four steps: 

  1. Pre lim i nary iden ti fi ca tion of the soil.

  2. Clas si fi ca tion of soil expansivity.

  3. Quan ti fi ca tion – mea sure ments of prob a ble vol ume
changes if suf fi ciently ex pan sive soils were stated in
step 2:

  a. eval u a tion of de sign al ter na tives.
Cat e go riz ing ex pan sive soils – step 2 – is an at tempt to as -

sess their prob a ble en gi neer ing be hav iour and to de fine the
range of fur ther in ves ti ga tions.

Over many de cades, sev eral pa ram e ters were in tro duced
into the clas si fi ca tions of ex pan sive soils, per mit ting to clas sify
them into three to five expansivity classes. These pa ram e ters
are listed in Ta ble 1, which also gives a fair re view of pro fes -
sional lit er a ture on a wide spec trum of expansivity prob lems.
These clas si fi ca tions are based on one (the so called sin gle in -
dex method, e.g., Chen, 1975) to eight dif fer ent pa ram e ters at
the max i mum (e.g., Niedzielski et al., 1988). Some clas si fi ca -
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tions du pli cate the cri te ria known pre vi ously, oth ers in tro duce
new fac tors. Out of the 35 pa ram e ters listed in Ta ble 1, 18 ap -
pear only once. The fre quency of oc cur rence of other pa ram e -
ters is given in Fig ure 2. Un ques tion ably, the most com mon pa -
ram e ters used for expansivity as sess ment are as fol lows: the
liq uid limit, plas tic ity in dex and swell ing pa ram e ters.

Among a num ber of clas si fi ca tions de vel oped in dif fer ent lo -
ca tions (Ta ble 1), eight sys tems were cho sen to eval u ate
expansivity of the stud ied Neo gene clays and gla cial tills. These 
sys tems (Seed et al., 1962; Merwe, 1964; IS 1498, 1970; Chen, 
1975; Sridharan and Prakash, 2000; Yilmaz, 2006; Yukselen
and Kaya, 2008; In ter na tional Res i den tial Code, 2012) are
based on ba sic soil prop er ties, in clud ing Atterberg lim its and
par ti cle size dis tri bu tion, along with quick, sim ple and eco nomic
sorp tion and swell ing tests, which in turn are in dic a tive of soil
min er al ogy.

MATERIAL

The se lected soils, wide spread in Po land, are the build ing
foun da tion for many en gi neer ing ob jects. The lo ca tion of sam -
pling sites is shown in Fig ure 1. The to tal num ber of the sam -
ples ex am ined in cluded 54 clays and 25 gla cial tills. The fol low -
ing soil pa ram e ters were de fined: clay con tent (Cl), liq uid limit
(LL), plas tic limit (PL), plas tic ity in dex (PI), ac tiv ity (A), meth y -
lene blue value (MBV), spe cific sur face area (SSA) and cat ion
ex change ca pac ity (CEC). In ad di tion, the min eral com po si tion

of soils was de ter mined and free swell ing tests in wa ter and ker -
o sene were com pleted. Fur ther, these pa ram e ters served to
de fine the expansivity of the soils. The data pre sented herein
are de rived from the ex per i ments car ried out as part of sev eral
re search pro jects, car ried out in the De part ment of En gi neer ing
Ge ol ogy, Fac ulty of Ge ol ogy, Uni ver sity of War saw, over the
past few years.

Fig ure 3 and Ta ble 2 sum ma rize the re sults of ex pan sive
soil clas si fi ca tion ac cord ing to em pir i cal meth od ol o gies. It
should be added that due to a lim ited da ta base on free swell ing
tests in wa ter and ker o sene, which are used in Sridharan and
Prakash (2000) sys tem, only 7 out of 25 till sam ples and 20 out
of 54 clay sam ples were rated by this method (Ta ble 2).

INTERPRETATION AND DISCUSSION

The com par i son of Neo gene clays expansivity ac cord ing to
var i ous eval u a tion sys tems (Fig. 3A) re vealed sub stan tially di -
ver gent re sults. Nev er the less, two groups of val ues can be
clearly dis tin guished. Clas si fi ca tions by Chen (1975), IS 1498
(1970) and Merwe (1964), which are based on LL, PI and Cl,
as signed a very high de gree of expansivity in 74–80% of cases,
whereas the Seed et al. (1962), Yilmaz (2006) and Yukselen
and Kaya (2008) sys tems, cor re lated to A, Cl, LL, MBV and
CEC, pre dicted a high and a very high de gree of expansivity in
52–78% and 11–35% of cases, re spec tively. Ev i dently, the first
group of clas si fi ca tion sys tems, cor re lated solely to Atterberg
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Fig. 1. Lo ca tion of sam pling sites
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Ref er ence Cri te ria

1 Altmeyer (1955)
1. Shrink age limit SL [%]

2. Lin ear shrink age Ls [%]

2 Bruyn et al. (1957)
1. Spe cific sur face area SSA [m2g–1]

2. wH – per cent mois ture (at 85% rel a tive hu mid ity)

3 Holtz (1959)

1. Per cent of clay <0.001 mm [%]

2. Plas tic ity in dex PI [%]

3. Shrink age limit SL [%]

4. Swell in dex es
p [%] based on load ing of 6.9 kPa

4 Ladd and Lambe (1961)

1. Free swell in dex ep [%]

2. Plas tic ity in dex PI [%]

3. Hy gro scopic mois ture w100

4. Percent volume change resulting from drying a structured sample from Field
Moisture Equivalent to the shrinkage limit VSL

5. Po ten tial of swell PVC [-]

5 Seed et al. (1962)

1. Ac tiv ity A 

2. Per cent of clay <0.002 mm [%]

3. Swell ing po ten tial PVC [%]

6 Van der Merwe (1964)
1. Plas tic ity in dex PI [%]

2. Per cent of clay <0.002 mm [%]

7 Rangantham and Satanarayana (1965) 1. Shrink age in dex LL-SL [%]

8 Raman (1967)
1. Shrink age in dex LL-SL [%]

2. Plas tic ity in dex PI [%]

9 Uni form Build ing Code (1968)
1. Per cent swell

2. Frac tion pass ing no. 4 sieve (4.75 mm)

10 Sow ers and Sow ers (1970)
1. Plas tic ity in dex PI [%]

2. Shrink age limit SL [%]

11 IS 1498 (1970)
1. Liq uid limit LL [%]

2. Plas tic ity in dex PI [%]

12 Dakshanamurthy and Raman (1973)

Based on plas tic ity chart:

1. Liq uid limit LL [%]

2. Plas tic ity in dex PI [%]

13 Olson (1973) 1. Swell in dex ep [-]

14 Sorochan (1974) 1. Swell in dex ep [-]

15 Chen (1975) 1. Plas tic ity in dex PI [%]

16 Chen (1975)

1. Per cent of par ti cles <0.074 mm [%]

2. Liq uid limit LL [%]

3. Re sults of SPT (stan dard pen e tra tion re sis tance, blows 30 cm)

4. Swell in dex es
p [%]

5. Swell ing pres sure Pc [kPa]

17 John son and Snethen (1978)

1. Liq uid limit LL [%]

2. Plas tic ity in dex PI [%]

3. Swell in dex es
p [%]

4. Nat u ral soil suc tion ts [kPa]

18 Schuler and Goedecke (1982)

1. Plas tic ity in dex PI [%]

2. Liq uid limit LL [%]

3. Per cent of clay <0.002 mm[%]

4. Free swell in dex FS [%] from United States Bu reau of Rec la ma tion (USBR)

5. Swell in dex ep [%]

6. Swell ing pres sure Pc [kPa]

19 Snethen (1984)

1. Liq uid limit LL [%]

2. Plas tic ity in dex PI [%]

3. Swell po ten tial

4. Nat u ral soil suc tion tnat [kPa]

20 Stomatopoulus and Kotzias (1987) 1. Swell in dex eFS

21 Tountoungi (1988)

1. Plas tic ity in dex PI [%]

2. Shrink age limit SL [%]

3. Free swell in dex ep [%]

T a  b l e  1

Sum mary of cri te ria for iden ti fy ing ex pan sive 
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Ref er ence Cri te ria

22 Niedzielski et al. (1988)

1. Per cent of clay <0.002 mm [%]

2. Liq uid limit LL [%]

3. Plas tic ity in dex PI [%]

4. Shrink age in dex LL-SL [%]

5. Max i mum hygroscopicity MH [%]

6. Spe cific sur face area SSA [m2g–1]

7. Free swell in dex ep [%]

8. Swell ing pres sure pc [MPa]

23 McKeen (1992)
1. Wa ter con tent w [%]

2. Suc tion (pF)

24 Parker et al. (1997)
1. Per cent of clay <0.002 mm [%]

2. COLE (co ef fi cient of lin ear ex ten si bil ity) [%]

25 Sridharan and Prakash (2000) 1. Free swell ra tio FSR 

26 Yilmaz (2006)
1. Liq uid limit LL [%]

2. Cat ion ex change ca pac ity CEC (meq/100g)

27 Yukselen and Kaya (2008) 1. Meth y lene blue value MBV [g/100g]

28 IRC (2012)

Based on Uni fied Soil Clas si fi ca tion Sys tem (USCS):

1. Liq uid limit LL [%]

2. Plas tic ity in dex PI [%]

3. Grain size dis tri bu tion (Sa, Gr, <0.075 mm)

4. Uni for mity co ef fi cient Cu

5. Co ef fi cient of cur va ture Cc

Tabl. 1 cont.

Fig. 2. The pro por tion (in %) of pa ram e ters most fre quently used in 28 
ex pan sive soil clas si fi ca tions

* Swelling parameters: swell index, free swell index, free swell ratio, swelling potential 
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Fig. 3. Pre dic tion of expansivity in var i ous clas si fi ca tions

A – Neo gene clays, B – gla cial tills; * in IRC (2012) sys tem only



lim its and re lated pa ram e ters, yields over es ti mated soil
expansivity in com par i son with those con sid er ing also soil min -
er al ogy in di ca tors. Sridharan and Prakash (2000) sug gested
that with out con sid er ing soil min er al ogy, the liq uid limit and re -
lated pa ram e ters do not prop erly de fine the soil expansivity due
to dif fer ent mech a nisms con trol ling the liq uid limit of kaolinite
and mont mo ril lo nite.

In the case of gla cial tills (Fig. 3B), all clas si fi ca tions are in
better agree ment than in the case of clays, which might be at -
trib uted to a more uni form com po si tion of the till sam ples in
terms of clay con tent and min er al ogy. It is worth no tic ing that
the best match ing sys tems are by Chen (1975), Seed et al.
(1962) and IS 1498 (1970). They in di cated a low, me dium and
high de gree of ex pan sion in 40–56, 36–56 and 4–12% of
cases, re spec tively. These rat ings are again higher than those
yielded by the Yukselen and Kaya (2008) sys tem.

Re sults from the IRC (2012) clas si fi ca tion tend to agree with 
the lower rat ings, how ever, due to a slightly dif fer ent class sys -
tem (i.e., low, me dium to low, me dium, high), an ex act com par i -
son with the rest of the sys tems is not pos si ble.

Ta ble 2 pres ents the com par i son of the expansivity of the
se lected clay and till sam ples, ob tained from the method given

by Sridharan and Prakash (2000) in ad di tion to the clas si fi ca -
tions shown in Fig ure 3. The above-men tioned method is based 
on the value of free swell ra tio (FSR), which stands for the ra tio
of equi lib rium sed i ment vol ume of 10 g oven-dried soil pass ing
a 425 µm sieve in dis tilled wa ter (Vd) to that in ker o sene (Vk).
Data pre sented in Ta ble 2 in di cate that in the case of Neo gene
clays the Sridharan and Prakash (2000) clas si fi ca tion tends to
be in line with the Seed et al. (1962), Yukselen and Kaya
(2008), Yilmaz (2006) and IRC (2012) sys tems. Fur ther more, in 
about 50% of the clay cases, it yielded yet one de gree lower ex -
pan sion rat ing than the other ones. For gla cial tills, all clas si fi ca -
tion sys tems pro vided fairly con sis tent ex pan sion rat ings.

The anal y sis of the afore men tioned re sults with re spect to
soil in dex prop er ties (Ta ble 2) leads to the con clu sion that while
eval u a tion of the soils con tain ing <30% of clay frac tion by var i -
ous cri te ria was in a rel a tively good agree ment, clas si fi ca tion of
the other soils pro vided con flict ex pan sion rat ings for par tic u lar
sam ples. There fore, with re spect to the ge netic type of soils, an
in con sis tency of expansivity as sess ment is to be ex pected for
Neo gene clays, while a good agree ment of re sults can be ob -
tained for gla cial tills.
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Soil
no.

Soil
type Lo ca tion

Soil pa ram e ters Clas si fi ca tions

Clay
con tent

Cl [%]

Liq uid
limit

LL [%]

Plas tic ity 
in dex

PI [%]

Chen
(1975)

IS
1498

(1970)

Merwe
(1964)

Seed
et al.

(1962)

Yukselen 
and Kaya 

(2008)

Yilmaz
(2006)

Sridharan 
and

Prakash
(2000)

IRC
(2012)

1

Neo -
gene
clays

Dobre

88.0 71.1 40.2 VH VH L H H H M H

2 60.0 69.6 45.9 VH VH VH VH H H M H

3 72.0 82.5 50.8 VH VH VH VH H VH H H

4 58.0 76.9 49.5 VH VH VH VH H H M H

5 57.0 70.9 47.8 VH VH VH VH VH H H H

6 85.0 111.9 73.4 VH VH VH VH H VH M H

7

Warszawa

68.0 81.0 39.9 VH VH VH H H H H H

8 63.0 77.2 40.3 VH VH VH H H H M H

9 31.0 48.0 23.4 H H M M M H L M to L

10 33.0 45.2 21.1 H M M M M H L M to L

11 47.0 54.8 34.9 H VH VH H M H M H

12 33.0 42.7 23.4 H H M M M M L M to L

13 82.0 85.2 43.7 VH VH VH VH VH VH H H

14 38.0 47.9 27.1 H H H H M H M M to L

15 29.0 39.8 20.3 M M M M M M M M to L

16 66.0 68.4 41.0 VH VH VH VH H H H H

17 81.0 72.5 43.5 VH VH VH VH H H H H

18 64.0 68.9 38.8 VH VH VH H H H M H

19 40.0 75.8 44.6 VH VH VH H L H L H

20 88.0 64.2 30.0 VH H L H VH H H H

21

Gla -
cial
tills

Ró¿anka

22.4 21.4 11.0 L L L L L L L L

22 20.1 19.5 9.1 L L L L L L L L

23 20.5 20.7 10.4 L L L L L L L L

24 22.4 20.8 10.2 L L L L L L L L

25

Kopiska

16.4 25.4 14.1 L M M L L M L L

26 17.9 27.0 12.0 L M L L L M L L

27 14.1 24.4 10.5 L L L L L L L L

Soil expansivity: L – low, M to L – me dium to low (only in IRC, 2012), M – me dium, H – high, VH – very high

T a  b l e  2

Com par i son of the expansivity of the stud ied soils by var i ous clas si fi ca tions



The free swell ra tio was later pro posed by Prakash and
Sridharan (2004) also as a cri te rion for pre dict ing the soil min er -
al ogy. The re sults of FSR mea sure ments plot ted on a clas si fi -
ca tion chart (Fig. 4) pro vided in for ma tion not only on swell ing
and ex pan sion de gree but also on the ap prox i mate soil min er al -
ogy, in di cat ing the dom i nant clay min eral. The pre dicted
FSR-based min er al ogy is pre sented in Ta ble 3 along with the
ac tual com po si tion ob tained from dif fer en tial ther mal anal y sis
(DTA) or X-ray diffractometer (XRD).

For gla cial tills, which are typ i cally polimineral soils con tain -
ing smectites, illite and kaolinite, the clas si fi ca tion rea son ably
in di cated a mix ture of swell ing and non-swell ing min er als. For
Neo gene clays, the re sults that based on em pir i cal ap proach
and lab o ra tory tests also matched very closely. In a few cases
though, the as sess ment of swell ing de gree is ques tion able and

the val ues seem to be un der rated (Ta ble 3, po si tions 1, 2, 6 and 
18). Al to gether, the tested method proved to ac cu rately es ti -
mate clay min er al ogy of soils and can be ap plied in en gi neer ing
prac tice to pre dict it by means of quick, sim ple and low-cost
swell ing tests. In ad di tion, when ever full lab o ra tory fa cil i ties are
not avail able and re sults of lower ac cu racy are ac cept able, the
test can be use ful as the on-site pro ce dure.

SUMMARY

Ex pan sive soils, wide spread all over the world in clud ing Po -
land, are a com mon build ing foun da tion. Clas si fi ca tion of ex -
pan sive soils is a very im por tant step in foun da tion de sign. Em -
pir i cal meth ods should be re garded as sim ple in di ca tor meth -
ods, nev er the less they are the first step to de cide whether ex -
pan sive soils ex ist and if fur ther lab o ra tory tests need to be
taken to quan tify po ten tial ver ti cal move ments.

Revision of clas si fi ca tion meth od ol o gies for de ter mi na tion
of expansivity re vealed the liq uid limit, plas tic ity in dex and swell -
ing pa ram e ters to be the most fre quently used cri te ria for a
qual i ta tive def i ni tion of expansivity.

Eight clas si fi ca tions com pared in the course of the pres ent
stud ies pro vided fairly sat is fac tory re sults for gla cial tills, while
val ues for Neo gene clays proved rather di ver gent. Ma jor ity of
Neo gene clays ex hib ited ei ther high or very high expansivity,
while gla cial tills low to me dium de gree. The anal y sis re vealed
that the clas si fi ca tions based on liq uid limit, plas tic ity in dex and
clay con tent tend to over es ti mate soil expansivity, as com pared
with those con sid er ing soil min er al ogy in di ca tors. As re gards
the clas si fi ca tion sys tems con sid ered herein, the low est val ues
were pro vided by the Sridharan and Prakash (2000) sys tem.

The free swell ra tio method gives in for ma tion about soil
expansivity and na ture of clay min er al ogy. For the soils ex am -
ined, the em pir i cal ap proach and lab o ra tory tests (DTA or XRD
anal y sis) matched very closely. Thus, this method can be suc -
cess fully used in en gi neer ing geo log i cal prac tice to pre dict min -
er al ogy of ex pan sive soils when a re sult of lower ac cu racy is ac -
cept able.

With re spect to the ge netic type of soils, an in con sis tency of
expansivity as sess ment might be ex pected for Neo gene clays,
while a good agree ment of re sults can be ob tained for gla cial tills.

The em pir i cal clas si fi ca tion meth ods re viewed in this study
do not take into ac count in situ con di tions (e.g., mois ture con -
tent, soil suc tion, soil struc ture, soil het er o ge ne ity, cli mate)
which are the very im por tant fac tors in flu enc ing soil ex pan sion
and cru cial for its proper eval u a tion. Bell and Maud (1995) sug -
gested car ry ing out suc tion or oedometer tests in ad di tion to
em pir i cal as sess ment of po ten tial expansivity of the soil. Ad di -
tional tests based on suc tion mea sure ments of the soils dis -
cussed in this study are un der way in or der to pro vide an al ter na -
tive tech nique to clas sify the ex pan sive soils in Po land.

Ac knowl edge ments. The au thors are grate ful to two anon -
y mous re view ers and Prof. T.M. Peryt for the re vi sion and valu -
able com ments that sig nif i cantly im proved the manu script. 

Expansivity of Neogene clays and glacial tills from central Poland 287

Fig. 4. Iden ti fi ca tion of swell ing de gree and dom i nant clay
min eral of the soils ex am ined on the Prakash and Sridharan’s 

(2004) chart
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Soil no. Soil type Lo ca tion
Free swell ra tio

FSR [-]

Dom i nant clay min eral(s)

Pre dicted from FSR (Fig. 4) De ter mined from DTA1)  or XRD2)

anal y sis

1

Neo gene clays Dobre

1.86
mont mo ril lo nit ic soils 

mod er ately swell ing
1)S:82%; K:8%

2 1.74
mont mo ril lo nit ic soils 

mod er ately swell ing
1)S:51%; K:9%

3 2.02
mont mo ril lo nit ic soils 

highly swell ing
1)S:71%; K:4%

4 1.59
mont mo ril lo nit ic soils 

mod er ately swell ing
1)S:43%; K:14%

5 2.62
mont mo ril lo nit ic soils 

highly swell ing
1)S:47%; K:10%

6 1.77
mont mo ril lo nit ic soils 

mod er ately swell ing
1)S:69%; K:17%

7

Neo gene clays War szawa

2.06
mont mo ril lo nit ic soils 

highly swell ing
1)S:60%; K:15%

8 1.98
mont mo ril lo nit ic soils 

mod er ately swell ing
1)S:51%; K:14%

9 1.28 kaolinitic+mont mo ril lo nit ic soils 1)S:27%; K:8%

10 1.34 kaolinitic+mont mo ril lo nit ic soils 1)S:42%; K:7%

11 1.68
mont mo ril lo nit ic soils 

mod er ately swell ing
2)S>I.K

12 1.31 kaolinitic+mont mo ril lo nit ic soils 2)S>I, K

13 2.62
mont mo ril lo nit ic soils 

highly swell ing
2)S>I,K

14 1.52
mont mo ril lo nit ic soils 

mod er ately swell ing
2)S>I,K

15 1.50
mont mo ril lo nit ic soils 

mod er ately swell ing
2)S>I,K

16 2.13
mont mo ril lo nit ic soils 

highly swell ing
2)S>K>I

17 2.19
mont mo ril lo nit ic soils 

highly swell ing
2)S>I+K

18 1.82
mont mo ril lo nit ic soils 

mod er ately swell ing
2)S>I+K

19 1.35 kaolinitic+mont mo ril lo nit ic soils 2)S>K+I

20 2.35
mont mo ril lo nit ic soils 

highly swell ing
2)S>I+K

21

Gla cial tills

Ró¿anka

1.10 kaolinitic+mont mo ril lo nit ic soils 1)I:6.2%; K:1.6%

22 1.15 kaolinitic+mont mo ril lo nit ic soils 1)I:8.4%; K:1.1%

23 1.09 kaolinitic+mont mo ril lo nit ic soils 1)I:11.4%; K:0.6%

24 1.22 kaolinitic+mont mo ril lo nit ic soils 1)I:6.7%; K:1.4%

25

Kopiska

1.23 kaolinitic+mont mo ril lo nit ic soils 2)S>I>K

26 1.26 kaolinitic+mont mo ril lo nit ic soils 2)S>I>K

27 1.25 kaolinitic+mont mo ril lo nit ic soils 2)S>I>K

 I – illite, K – kaolinite, S – smectite

T a  b l e  3

Com par i son of dom i nant clay min er als ob tained from lab o ra tory anal y sis and free swell ra tio clas si fi ca tion
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