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This pa per pres ents the char ac ter is tics of the expansivity and quan ti ta tive pre dic tion of heave of clay soils from Po land
based on suc tion test ing. Eleven Neo gene clays and six gla cial tills, dif fer ing in gen e sis and plas tic ity, were ana lysed to iden -
tify the ex pan sive po ten tial us ing eight em pir i cal meth ods. The lab o ra tory stud ies in cluded mea sure ments of soil-wa ter char -
ac ter is tic curves and soil in dex prop er ties. Data from wa ter con tent, vol ume and suc tion mea sure ments served to de ter mine
the suc tion com pres sion in dex Ch and the suc tion-wa ter con tent in dex Dh/Dw of the soils ex am ined. The val ues of these in di -
ces are clearly de pend ent on the clay frac tion con tent in tested soils. Com pared with gla cial tills, Neo gene clays are ex -
pected to ex hibit greater changes in vol ume due to changes in soil suc tion. Com par a tive re sults of the eval u a tion of
expansivity sug gest that the cho sen clas si fi ca tion meth od ol o gies pro vided con sis tent ex pan sion rat ings for gla cial tills, while 
the val ues for Neo gene clays vary from low to very high. The low est expansivity classes have been ob tained from eval u a tion
based on soil suc tion. The McKeen (1992) method has been adopted for cal cu la tions of the po ten tial field heave of Neo gene
clays and gla cial tills. In or der to pro vide a ra tio nal es ti ma tion of ex pan sive soil be hav iour, spe cial ists should take into con sid -
er ation the spe cific site and de sign fea tures.

Key words: ex pan sive soil, Neo gene clays, gla cial tills, suc tion, suc tion com pres sion in dex, heave.

INTRODUCTION

Foun da tion en gi neer ing on ex pan sive soils is re garded as
one of the dif fi cult geotechnical tasks. Ac cord ing to the stand ing 
rules and Pol ish le gal reg u la tions, the en gi neer ing con di tions of 
ex pan sive soil are de fined as com plex and build ing ob jects
erected un der com plex soil con di tions, are clas si fied into the
third geotechnical cat e gory (Rozporz¹dzenie, 2012). Com -
pared with other min eral soils, swell ing clays are one of the
most ex pen sive geo logic haz ards. Prac ti cal rec om men da tions
and guide lines as to de sign ing foun da tions, ex e cut ing foun da -
tion works, as well as con ser va tion and pro tec tion of ex ist ing
ob jects were given by Przystañski (1990). In the light of avail -
able in ves ti ga tions, one of the main causes of dam ages of
build ings erected on ex pan sive soils is im proper found ing sys -
tems and in ad e quate struc tural brac ing (Je¿, 1989; Kumor,
1990, 1994, 2008). In geotechnical en gi neer ing prac tice, the
range of soil in ves ti ga tions is usu ally lim ited to the main phys i -
cal and me chan i cal (e.g., shear strength) pa ram e ters. As re -
ported by pro fes sional lit er a ture, Neo gene clays in Po land are
most of ten stiff and firm, have a high shear strength and low

com press ibil ity, thus pro vid ing fa vour able con di tions for land
de vel op ment (Kumor, 2008). How ever, their sen si tiv ity to mois -
ture changes that de ter mine a proper soil/build ing in ter ac tion
dur ing con struc tion work, and pre dicted ex ploi ta tion time are,
as a rule, un der es ti mated.

Nu mer ous at tempts have been made to sys tema tise fac tors
con trol ling the changes in the vol ume of clay soils. Note wor thy is
that the de for ma tion abil ity is dis tinc tive of po ten tial soil due to ac -
ti va tion of the fac tor which ini ti ates shrink age or swell ing of soils
sus cep ti ble to such pro cesses. Expansivity is con trolled not only
by the com po si tion of soil de scribed on the ba sis of con ven tional
in di ces (grain-size dis tri bu tion, clay frac tion con tent, min eral
com po si tion of the clay frac tion, type of the ex change cat ion,
chem i cal com po si tion of pore wa ter), but is in duced also by var i -
ous fac tors in a soil en vi ron ment sen si tive to ex pan sion. These
en vi ron men tal fac tors in clude: cli ma tic changes (long-last ing
draughts, tor ren tial rains), hu man im pact (spa tial de vel op ment –
densely built-up ar eas, root ef fect, use ef fects – ex ten sive wa ter -
ing of lawns, poor in su la tion of heat ing sys tems, fail ure of wa ter
sup ply sys tems). Due to these fac tors, a near-sur face zone,
called the ac tive zone, is formed. It cov ers the depth of the soil
that in ter acts with the sur face en vi ron men tal con di tions and is
char ac ter ized by vari able mois ture con tent and suc tion (Fig. 1).
Other cru cial fac tors are: the state of stress, the struc ture/tex ture
as well as ini tial mois ture and sat u ra tion de gree of the soil.
There fore, a ra tio nal ap proach to plan ning the in ves ti ga tions of
such soils is rec om mended, with spe cial em pha sis on min er al -
ogy, di rect de ter mi na tions of swell ing and shrink age pa ram e ters, 
and changes of strength due to vol ume changes.
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Ex pan sive soils pres ent sig nif i cant geotechnical and en gi -
neer ing chal lenges all over the world. There fore, the iden ti fi ca -
tion of soils sen si tive to vol u met ric changes has been the sub ject
of ac tive re search for the past 40 years. At the turn of the last de -
cades, sev eral tens of var i ous clas si fi ca tions have been cre ated
(for com pre hen sive re view see Izdebska-Mucha and Wójcik,
2014). Three types of ap proaches for es ti mat ing soil expansivity
have been adopted. The first group in cludes meth ods based on
em pir i cal cor re la tion of en gi neer ing in dex prop er ties of soils –
e.g., liq uid limit – LL, plas tic ity in dex – PI, clay con tent. The sec -
ond ap proach de fines expansivity in terms of swell ing pa ram e -
ters de ter mined in oedometer mea sure ments. The third one em -
ploys to tal suc tion test ing for the as sess ment of the de gree of
vol ume change. John son and Snethen (1978) have been the
first to use the suc tion pa ram e ter in ex pan sive soils clas si fi ca -
tion. Ini tially, a def i ni tion and de scrip tions of prac ti cal use of soil
suc tion ap peared rarely in pro fes sional lit er a ture due to the lack
of sim ple and re li able meth ods of suc tion de ter mi na tion. On the
other hand, the role of mois ture changes in soil was com monly
un der es ti mated. Con ven tional soil me chan ics were fo cused on
prob lems re lated to the full sat u ra tion state or com pletely dry for -
ma tions. Nu mer ous re ports of ex pan sive soil prob lems and re -
sult ing dam ages had been made avail able in var i ous coun tries,
which con vinced the geotechnical en gi neer ing com mu nity to de -
vote par tic u lar at ten tion to soils ex ist ing be tween these two ex -
treme stages. The pa ram e ter which most ac cu rately de scribes
the state of un sat u rated/partly sat u rated soils is suc tion. Soil suc -
tion is a mac ro scopic prop erty that in di cates the in ten sity or en -
ergy level with which a soil sam ple at tracts wa ter. The soil-wa ter
char ac ter is tic curve (SWCC) is an im por tant soil func tion re lat ing
the wa ter con tent of a soil to soil suc tion, and it has be come of
great value in es ti mat ing func tions of un sat u rated soil prop er ties
(Fredlund, 1995). On the log scale, soil suc tion var ies with wa ter
con tent in a wide range. This is an ex tremely sen si tive pa ram e ter 
de fin ing var i ous soil prop er ties (e.g., phys i cal, chem i cal and min -
er al og i cal) es sen tial in en gi neer ing prac tice. The shape and run
of the soil-wa ter char ac ter is tic curve is in dic a tive of the suc -
tion-wa ter con tent in dex Dh/Dw, sug gested by McKeen (1992)
for es ti ma tion of soil expansivity. An other method, based on soil
suc tion in situ is the United States Army En gi neer Wa ter ways
Ex per i ment Sta tion (USAEWES) clas si fi ca tion sys tem (Sne then

et al., 1977), where con sis tence pa ram e ters
are ad di tion ally taken into ac count.

Whilst much re search has been car ried
out to char ac ter ize the min er al ogy, in dex
prop er ties, swell ing and expansivity of Pol -
ish clay soils (e.g., Niedzielski et al., 1988;
Ka czyñski and Grabowska-Olszewska,
1997; Gawriuczenkow, 2003, 2008), few da -
ta on soil suc tion have been pub lished and
are avail able in Pol ish da ta bases (e.g.,
Garbu lewski and ¯akowicz, 1993a, b, 1995;
Wojta sik, 1994, 1997; Barañski and Wójcik,
2007, 2008). In the light of the above, this
pa per is also in tended to fill this gap and to
pres ent the char ac ter is tics of suc tion of Pol -
ish Neo gene clays and gla cial tills. The au -
thors re late the re sults dis cussed herein to
the pre vi ous find ings, which per mits a com -
pre hen sive eval u a tion of soil expansivity ba -
sed on var i ous meth od olog i cal pro ce dures. 

Foun da tion de sign on ex pan sive clay
sites re quires a re li able clas si fi ca tion of soil
expansivity and a quan ti ta tive as sess ment
of prob a ble vol ume changes. Thus, prior to

foun da tion de sign, the soil heave should be known. The clas si fi -
ca tion sys tem by McKeen (1992) per mits to pre dict the heave
and soil expansivity. How ever, it is widely ac knowl edged that no
uni ver sal clas si fi ca tion sys tem for all soils ex ists, but the cor re la -
tions may vary within cli ma tic and geo log i cal zones. More re li able 
re sults can be ob tained lo cally for given sub soil and site con di -
tions. An other pur pose of this pa per is to adopt McKeen’s (1992)
meth od ol ogy to es ti mate the be hav iour of po ten tially ex pan sive
soils from Po land, based on as sump tions ap pli ca ble to lo cal con -
di tions and ac tual mea sure ments of the con sid ered soils.

Soils de scribed in this pa per are partly the same ones that
have been ex am ined in the pre vi ous study (Neo gene clays from 
the Dobre poly gon) and the col lected ex per i men tal data come
from a num ber of re search pro jects con ducted 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 sev eral years. The se lec tion of ma te rial
was de ter mined by the fact that for these sam ples ad di tional
mea sure ments of the soil-wa ter char ac ter is tic curve were
carried out by the present authors.

MATERIALS AND METHODS

The co he sive soils se lected for this re search are com mon
sub soils for nu mer ous ob jects in more than a half of the area of
Po land. The dis tri bu tion of sam pling sites is given in Fig ure 2.
Poly gons 1–3 are rep re sented by Neo gene clays. The for mer
two are lo cated in the Stegny and Buraków dis tricts of War -
szawa, re spec tively (sam ples: C-W1–C-W4 and C-WB5, C-
 WB6), and poly gon 3 in the lo cal ity of Dobre (sam ples:
C-D1–C-D5) about 50 km north-east of Warszawa. Poly gons
4–6, lo cated in Warszawa (dis tricts of Ochota and S³u¿ew), are
rep re sented by gla cial tills of the Odra and Warta glaciations
(sam ples: T1–T6).

In to tal, 17 sam ples have been clas si fied in ac cor dance with 
the Uni fied Soil Clas si fi ca tion Sys tem (USCS, ac cord ing to
ASTM D 2487-06) mainly as CH fat clays and SC clayey sand,
for which the ba sic phys i cal pa ram e ters such as clay con tent
(Cl) and Atterberg lim its (LL, PL) have been de fined. The re sults 
are given in Ta ble 1.
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The re la tion ship be tween soil mois ture and suc tion has
been ex am ined us ing the pres sure plate ap pa ra tus (Soilmoi -
sture Equip ment Corp. model 1500). The main el e ments of this
ap pa ra tus are a pres sure cham ber, a po rous ce ramic plate and
a com pres sor pro duc ing pres sure. This method per mits to
com plete a num ber of de ter mi na tions of soil mois ture con tent at 
dif fer ent pres sures. In the lab o ra tory, the sam ples were placed
in small cyl in ders (about 54 mm in di am e ter and 20 mm in

height), sat u rated and sub se quently bal anced with re spect to
the in creas ing val ues of the suc tion. The mois ture ten sions
were ob tained by cre at ing a se ries of un der- and over-pres -
sures. Weigh ing of the sam ple af ter each bal ance ad just ment
yields the mois ture con tent for each suc tion ten sion. Each de -
ter mi na tion has been com pleted on at least three iden ti cal sam -
ples and the re sults used in fur ther in ves ti ga tions are their arith -
me tic mean. Thus, the ob tained curve, il lus trat ing the de pend -
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Fig. 2. Lo ca tion map of the study area show ing dis tri bu tion
of var i ous soil types and sam pling sites 

T a  b l e  1  

Sum mary of prop er ties of tested soil sam ples

Soil type Sam ple ID
Soil clas si fi ca tion

USCS

Clay con tent

Cl [%]

Liq uid limit

LL [%]

Plas tic limit

PL [%]

Neo gene clays

C-W1 CH fat clay 80 96.0 41.0

C-W2 CH fat clay 72 83.0 35.0

C-W3 CH fat clay 63 69.5 22.5

C-W4 CH fat clay 70 70.1 31.1

C-WB5 CH fat clay 65 99.0 32.3

C-WB6 CH fat clay 61 64.4 25.4

C-D1 CH fat clay 88 71.1 30.9

C-D2 CH fat clay 60 69.6 23.7

C-D3 CH fat clay 72 82.5 31.7

C-D4 CH fat clay 58 76.9 27.4

C-D5 CH fat clay 85 111.9 38.5

Gla cial tills

Warta Gla ci ation

T-1 CL sandy lean clay 21 20.6 12.0

T-2 SC-SM silty clayey sand 18 19.3 13.7

T-3 SC clayey sand 12 23.0 12.5

T-4 SC-SM silty clayey sand 10 19.1 12.4

Odra Gla ci ation
T-5 SC clayey sand 20 22.3 11.1

T-6 SC clayey sand 15 24.4 11.4



ence be tween the pres sure and the mois ture, is a typ i cal
desorption (dry ing) curve. Sam ples from the Stegny and Ocho -
ta poly gons show pres sure val ues ex ceed ing pF 4.2 (mea sure -
ments com pleted us ing a psychrometer), which en abled a thor -
ough de scrip tion of soil be hav iour within a wider suc tion pres -
sure range. A sin gle de ter mi na tion pro ce dure lasted from 7 to
15 days. It has been as sumed that the bal ance be tween pres -
sure in side the cham ber, soil and pres sure plate is at tained
when wa ter ceases to flow out of the cham ber. When each of
the ap plied suc tion was equal ized, the height, di am e ter and
mass of each spec i men were mea sured. The re la tion ship be -
tween soil suc tion and wa ter con tent (SWCC) was de ter mined
for 17 dif fer ent soil sam ples – 6 gla cial clays, and 11 Neo gene
clays. Fig ure 3A shows data il lus tra tive for each type of soil.
This re la tion ship al lows de ter min ing the suc tion-wa ter con tent
in dex Dh/Dw, de fined as the slope be tween the suc tion lev els of
6 and 3 pF. Us ing pairs of vol ume mea sure ments – at the im -
posed suc tion level and af ter dry ing the sam ples at 105°C – a
change of vol ume can be com puted ac cord ing to the equa tion: 

DV
V V

V
i d

i

=
- [1]

where: DV – vol ume change, Vi – vol ume of the sam ple at the given
suc tion level [cm3], Vd – fi nal vol ume of the sam ple af ter dry ing at
105°C (378°K) [cm3]

In Fig ure 3B, vol ume change (DV) mea sure ments are plot -
ted ver sus the cor re spond ing suc tion (h) level. This re la tion ship
per mits to cal cu late the suc tion com pres sion in dex Ch, which is
the slope of the vol ume change-suc tion re la tion in the suc tion
range of 2.0–2.5 pF to 5.5 pF, and rep re sents soil re sponse to
the suc tion change. The val ues of Ch iden ti fied for se lected ex -
am ples of Neo gene clays and tills are –0.1209 and –0.0192, re -
spec tively, which is re flected in the dif fer ences in the slopes –
tills have clearly flat tened slopes and less neg a tive val ues of Ch

than clays. 

596 Dorota Izdebska-Mucha and Emilia Wójcik

Fig. 3. Ex am ples of A – soil-wa ter char ac ter is tics curves, B – vol ume change-suc tion re la tion 
of Neo gene clays (CW-2) and gla cial tills (T-1)



McKeen (1992) has pro posed an ex pan sive soil clas si fi ca -
tion meth od ol ogy based on soil suc tion test ing, which yields:

– a qual i ta tive as sess ment of soil expansivity cate go ris ing
the soils into five classes: nonexpansive, low, mod er ate, 
high and spe cial case (very high);

– a quan ti ta tive pre dic tion of heave cor re spond ing to
these cat e go ries, com puted for given site and de sign
con di tions (Ta ble 2). 

The clas si fi ca tion sys tem is based on two re la tion ships: 1)
soil suc tion ver sus wa ter con tent and 2) vol ume change ver sus
soil suc tion (Fig. 3). On the ba sis of these two in di ces the ex -
pan sive soils were clas si fied and the heave of the con sid ered
soil layer may be cal cu lated from equa tion:

DH = Ch × Dh × Dt × f × s [2]

where: DH – heave (the ver ti cal move ment of the soil layer), Ch –
suc tion com pres sion in dex, Dh – suc tion change in the soil layer, Dt
– thick ness of the soil layer, f – lat eral re straint fac tor f = (1+2K0)/3;
K0 – co ef fi cient of earth pres sure at rest, s – co ef fi cient of load ef fect
on heave, s = 1–[0.01 × (%SP)], for %SP £50, %SP be ing the per -
cent age of swell pres sure (SP) ap plied

The pro posed meth od ol ogy was adopted to pre dict the po -
ten tial heave of Neo gene clays and gla cial tills from Po land with 
re spect to the lo cal soil and cli ma tic char ac ter is tics. There fore,
the heave was com puted us ing the fol low ing data and
assumptions:

– Ch – av er age val ues were as sumed from the mea sure -
ments of the tested soil sam ples, Neo gene clays: Ch =
–0.101 ± 0.028; gla cial tills: Ch = –0.018 ± 0.005. 

– Dh – to take ac count of the most un fa vour able con di tions 
in the ground, the av er age of the max i mum range of the
suc tion change that can oc cur in the field (from 6 to 2 pF) 

was as sumed: Dh = (6–2)/2 = 2 pF.
– Dt – thick ness of the soil layer, cor re spond ing to the

depth to which mois ture changes oc cur in the ground
(ac tive zone). In pro fes sional lit er a ture, var i ous data are
re ported for clays, de pend ing on cli ma tic and en vi ron -
men tal fac tors, as for ex am ple: Fityus et al. (2004) –
about 2 m, Jones and Jef fer son (2012) – about 3 m,
Biddle (2001) – 1.5–2.0 m and McKeen (1992) – 1.5 m.
For the pur pose of this re search, the depth of Dt = 1.5 m
was as sumed for the ac tive zone in Neo gene clays. In
Po land this depth cov ers the zone of sig nif i cant mois -
ture-vol ume changes. How ever, ac cord ing to Je¿
(1995), in clay soils it might be ex tended up to 3.5 m due

to wa ter tran spi ra tion by tree roots. For gla cial tills the
ac cepted thick ness of the ac tive zone is Dt = 0.6 m (af ter
Pisarczyk, 2001).

– K0, f – four val ues of the co ef fi cient of earth pres sure at
rest have been as sumed to re flect var i ous con di tions in
the ground; K0 = 0.5; 1; 2; 2.5, which gives f = 0.67; 1.00;
1.67; 2.00 re spec tively.

– s – three val ues of the co ef fi cient for load ef fect on heave 
have been as sumed: s = 0.5; 0.7; 0.9, which il lus trate the 
heave un der loads cor re spond ing to 50% SP, 30% SP
and 10% SP, re spec tively.

By se lect ing ad e quate cli mate-in duced vari ables and us ing
data di rectly ob tained in lab o ra tory mea sure ments, the es ti ma -
tion of po ten tial heave is most likely to ad e quately re flect the
local conditions.

RESULTS AND DISCUSSION

Fig ures 4 and 5 il lus trate the ef fect of clay con tent on the
suc tion-wa ter con tent in dex and suc tion com pres sion in dex. In
Fig ure 4, suc tion-wa ter con tent in dex Dh/Dw val ues are plot ted
against clay per cent age. It is thus ev i dent that soils with a lower
clay con tent tend to have a lower suc tion-wa ter con tent in dex.
Sam ples T1-6 with the clay con tent as low as about 20% have
the most neg a tive val ues of this in dex (from –30.68 to –24.72).
For Neo gene clays – with the clay con tent ex ceed ing 60% – the
suc tion-wa ter con tent in dex ranges from –15.43 to –8.65. The
re la tion ship be tween the suc tion com pres sion in dex Ch and
clay per cent age (Fig. 5) shows a sim i lar dis tri bu tion of val ues –
sam ples T1-6 are clearly sep a rated from the sam ples of Neo -
gene clays. With the in crease of clay con tent, the suc tion com -
pres sion in dex Ch val ues de crease, which in di cates that soils
be come more sen si tive to the change in wa ter con tent and vol -
ume with re spect to suc tion.

Fig ure 6 shows plots of the suc tion-wa ter con tent in dex
ver sus suc tion com pres sion in dex Ch. The re la tion ship ob -
tained by the pres ent au thors has the form of Ch =
[–0.0053*(Dh/Dw)]–0.1628 at R2 = 0.8456 and gen er ally agrees
with the re la tion ship re ported by McKeen (1992). Tills have
more neg a tive Dh/Dw val ues while the suc tion com pres sion in -
dex Ch ap proach ing zero. Such soils show in sig nif i cant chan -
ges of vol ume re lated to suc tion changes. Clays, in turn, ex hibit
lower (more neg a tive) val ues of Ch as Dh/Dw ap proaches 0.
Such soils are ex pected to ex hibit con sid er able changes in vol -
ume due to changes in soil suc tion. 

Ta ble 3 shows the com par a tive re sults of expansivity ob -
tained for gla cial tills and Neo gene clays us ing dif fer ent meth -
ods. Re sults ac cord ing to clas si fi ca tion sys tems by Seed et al.
(1962), van der Merwe (1964), IS 1498 (1970), Chen (1975),
Yilmaz (2006), Yukselen and Kaya (2008) are pre sented along
with the sys tems based on suc tion pa ram e ters: USAEWES
(Snethen et al., 1977) and McKeen (1992). Such an ap proach
adds con sid er ably to the char ac ter is tics of the soils ex am ined
and pro vides a more com pre hen sive eval u a tion of soil expan -
sivity. Re sults from Ta ble 3 have re vealed that the con sid ered
clas si fi ca tion meth od ol o gies pro vide con sis tent ex pan sion rat -
ings for gla cial tills and con flict ing ones for sam ples of Neo gene
clays. Clas si fi ca tions by van der Merwe (1964), IS 1498 (1970)
and Chen (1975) based on Atterberg lim its and re lated pa ram e -
ters, as sign a very high de gree of expansivity, whereas the
Seed et al. (1962), Yilmaz (2006) and Yukselen and Kaya
(2008), sys tems, which con sider soil min er al ogy in di ca tors, pre -
dict a high and a very high de gree of expansivity. This con firms
the find ings of the pres ent au thors from their pre vi ous stud ies
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T a  b l e  2

Ex pan sive soil clas si fi ca tion sys tem (McKeen, 1992)

Cat e gory Ch Dh/Dw DH*
[m]

DH
[%] Re marks

I –0.227 > –6 15.3 10.0 spe cial case

II
–0.227

–0.120

–6 to

–10
8.1 5.3 high

III
–0.120

–0.040

–10 to

–13
2.7 1.8 mod er ate

IV
–0.040

nonexp.

–13 to

–20
– – low

V nonexp. < –20 – – nonexp.

* – DH cal cu lated for f = 0.5, Za = 1.5 m (5ft), Dh = 1.0 pF, s = 0.9



(Izdebska-Mucha and Wójcik, 2014). Ac cord ing to the
USAEWES (Snethen et al., 1977) clas si fi ca tion, Neo gene clays 
were iden ti fied as show ing a high de gree of ex pan sion while
high to low val ues have been re vealed by the Mc Keen (1992)
sys tem. Sim i lar re sults are re ported by Sawang suriya et al.
(2011), who, ap ply ing dif fer ent clas si fi ca tion sys tems, con -
firmed that the low est expansivity classes were ob ta ined from
the McKeen sys tem (1992). 

Fig ure 7 il lus trates the eval u a tion of the po ten tial expan -
sivity of soils based on in situ mois ture con tent and soil suc tion
mea sure ments (fil ter pa per tech nique ac cord ing to ASTM D
5298-94, fil ter pa per Whatman no. 42) plot ted on the clas si fi ca -
tion sys tem pro posed by McKeen (1992). The re sults cor rob o -
rate the con clu sions from Ta ble 3 and show that tills should be
clas si fied into cat e gory V – nonexpansive soils, while the
expansivity of Neo gene clays var ies from high to low. De pend -

ing on their expansivity class, the con sid ered clays should be
given due at ten tion. For ex am ple, in case of highly ex pan sive
soils, the ef fects of vol ume change can be mit i gated by very
care ful as sess ment of en vi ron men tal fac tors. For the low de -
gree of expansivity, a be hav iour typ i cal of ex pan sive soils is not
ex pected, there fore spe cial con sid er ation of shrink/swell be -
hav iour is not re quired.

Fig ure 8 pres ents the cal cu la tions of the po ten tial field
heave of Neo gene clays and gla cial tills. For each soil, 12 vari -
ants have been com puted with re gard to dif fer ent val ues of the
load ef fect on heave (s) and the co ef fi cient of earth pres sure at
rest (K0). It has been found that the amount of po ten tial heave
in creases with the in crease of the co ef fi cient of earth pres sure
at rest (K0 = 0.5 ® K0 = 2.5) and the de crease of the ap plied
load (s = 0.5 ® s = 0.9). For the as sumed vari ables, the heave
of Neo gene clays may vary within a wide range from 10 to
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Fig. 4. Suc tion-wa ter con tent in dex ver sus clay con tent

Fig. 5. Suc tion com pres sion in dex ver sus clay con tent

https://gq.pgi.gov.pl/article/view/9360/pdf_1136


55 cm, whereas for gla cial tills the val ues change be tween 0.7
to 3.8 cm. These es ti mates in di cate that a se ri ous ver ti cal
move ment may oc cur at the top 1.5 m of clays in re sponse to an 
av er age suc tion change of 2 pF. For gla cial tills, the re sults
agree well with the afore men tioned clas si fi ca tions and in di cate
their very low sen si bil ity to suc tion changes in terms of their po -
ten tial to vol ume change.

In or der to pro vide a ra tio nal es ti ma tion of the stud ied soils
be hav iour based on the find ings pre sented in Fig ure 8, spe cial -
ists should take into con sid er ation the spe cific site and de sign
fea tures. One of the im por tant fac tors in es ti ma tion of heave is
the co ef fi cient of earth pres sure at rest – a pa ram e ter strictly re -
lated to stress con di tions in a soil. Ac cord ing to Szczepañski
(2007), soil preconsolidation is a to tal ef fect of me chan i cal
preconsolidation (gla cier pres sure, over bur den pres sure, wa ter
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T a  b l e  3

Pre dic tion of po ten tial expansivity of Neo gene clays and gla cial tills by var i ous clas si fi ca tion sys tems

Soil 
No.

e
pyt li

o
S

n
oi t

a
 c

o
L

Sam ple 
ID

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)

van der
Merwe
(1964)

Seed at al. 
(1962)

Yukselen
and Kaya 

(2008)

Yilmaz 
(2006)

USAEWES 
(1977)

McKeen

(1992)

1

sy
al

c 
e

n
e

 g
o

e
N

a
w

a
z

sr
a

W

C-W1 80.0 96.0 55.0 VH VH VH VH VH VH H H

2 C-W2 72.0 83.0 48.0 VH VH VH VH VH VH H H

3 C-W3 63.0 69.5 47.0 VH VH VH VH H H H L

4 C-W4 70.0 70.1 39.0 VH VH VH VH H H H M

5 C-WB5 65.0 99.0 66.7 VH VH VH VH VH VH H M

6 C-WB6 61.0 64.4 39.0 VH VH VH H H H H L

7

er
b

o
D

C-D1 88.0 71.1 40.2 VH VH L H H H H M

8 C-D2 60.0 69.6 45.9 VH VH VH VH H H H M

9 C-D3 72.0 82.5 50.8 VH VH VH VH H VH H M

10 C-D4 58.0 76.9 49.5 VH VH VH VH H H H L

11 C-D5 85.0 111.9 73.4 VH VH VH VH H VH H M

12

sllit l
ai

 c
al

G

atr
a

W
 n
oit

 ai
 c

al
G

T1 21.0 20.6 8.6 L L L L L L L N

13 T2 18.0 19.3 5.6 L L L L L L L N

14 T3 12.0 23.0 10.5 L L L L L L L N

15 T4 10.0 19.1 6.7 L L L L L L L N

16

ar
d

O
 

n
oit

 ai
 c

al
G

T5 20.0 22.3 11.2 L L L L L L L N

17 T6 15.0 24.4 13.0 L L L L L L L N

Fig. 6. Suc tion com pres sion in dex (Ch) ver sus suc tion-wa ter con tent in dex (Dh/Dw) 
with McKeen (1992) clas si fi ca tion of ex pan sive soils 



ta ble fluc tu a tions) as well as ap par ent preconsolidation (age ing
ef fect, struc tural strength en ing) re sult ing from pro cesses such as 
ce men ta tion, recrystallisation of min er als, changes of pore wa ter
chem is try and oth ers. Both soils con sid ered in this study are
overconsolidated due to glaciations his tory, which points to K0

> 1. Data re ported by Barañski et al. (2004) in di cate that the av -
er age value of K0 of Neo gene clays from Warszawa is 1.1, as de -
ter mined by sev eral field meth ods. Re cent field mon i tor ing of K0

in the poly gon Warszawa Stegny yielded val ues of K0 = 1.5
(Barañski, pers. comm., 2014). In the case of the gla cial tills oc -
cur ring in the edge zone of the gla cial till plain (poly gons 5 and 6), 
the age ing pro cesses might be of par tic u lar im por tance. Ac cord -
ing to Kaczyñski et al. (2010), who stud ied the geo log i cal en gi -
neer ing prop er ties of gla cial tills of the Warta and Odra
glaciations from the area of Warszawa, com pared to typ i cal gla -
cial tills from other sites in Warszawa, the tills from the S³u¿ew
area ex hibit a higher con sol i da tion man i fested by low val ues of
po ros ity, mois ture con tent and de gree of sat u ra tion and a high
con sis tency in dex. In situ cone pen etrom eter test ing (CPT) re -
vealed the av er age value of K0 for tills to be K0 = 2.4 (Kaczyñski
et al., 2008). An other im por tant fac tor in heave es ti ma tion is the
ap plied load, which re strains the soil swell ing. This ef fect is ex -
pressed in terms of a per cent age of swell pres sure re moved, and 
rep re sented by the co ef fi cient s in heave com pu ta tions. As re -
ported by Barañski and Wójcik (2007), the av er age swell ing
pres sure of the tested clays was 200 kPa. There fore, the as -
sumed s val ues = 0.5; 0.7; 0.9 cor re spond to the ap plied loads of
100, 60 and 20 kPa, re spec tively. The swell ing pres sure of the
tested tills is very low and does not ex ceed 15 kPa (Kaczyñski et
al., 2010), which points to the low est val ues of s as the most ra -
tio nal in heave es ti ma tion of this type of soil.

SUMMARY

Ex pan sive soils are those which ex hibit sig nif i cant vol ume
changes due to changes in wa ter con tent. Var i ous clas si fi ca tion 
sys tems have been de vel oped over the past de cades to eval u -

ate soil expansivity. With this re spect, suc tion is con sid ered to
be a more de fin i tive and re li able mea sure of po ten tial ex pan -
sion than the in dex soil prop er ties. This pa per dis cusses: 

– the char ac ter is tics of suc tion of Neo gene clays and gla -
cial tills from six dif fer ent lo ca tions in cen tral Po land;

– the com par i son of expansivity of the soils based on suc -
tion and in dex prop er ties of soil;

– the es ti mate of heave cal cu lated ac cord ing to the
method of McKeen (1992). This method was adopted to
re flect Pol ish con di tions by us ing the as sump tions that
cor re spond to lo cal en vi ron men tal, site and de sign con -
di tions along with the ac tual suc tion-vol ume change
mea sure ments of the stud ied soils.

A thor ough anal y sis of the ef fect of the clay con tent on the
suc tion-wa ter con tent in dex Dh/Dw (Fig. 4) shows that the suc -
tion-wa ter con tent in dex of soils with a low clay con tent has less
neg a tive val ues. How ever, the lower the clay con tent, the higher 
(less neg a tive) the suc tion com pres sion in dex Ch (Fig. 5). A
strong lin ear re la tion ship be tween the suc tion-wa ter con tent in -
dex and the suc tion com pres sion in dex has been found, ex -
pressed by the for mula: Ch = [–0.0053*(Dh/Dw)]–0.1628 (Fig.
6). This re la tion ship re flects the cor re la tion be tween changes in
mois ture con tent, suc tion and vol ume in soils. The re sults ob -
tained and the dis tri bu tion of data in charts 4 to 6 clearly point to
a strong soil vol ume re sponse to suc tion changes in the case of
highly plas tic soils with high clay con tent, such as Neo gene
clays, and a weak one in the case of gla cial tills.

The com par i son of soil expansivity ob tained from dif fer ent
clas si fi ca tion meth ods, based on in dex prop er ties of soils and
suc tion (Ta ble 3), has re vealed that they pro vide con sis tent
expansivity rat ings for gla cial tills – re ferred to as low de gree of
expansivity or nonexpansive, and con flict ing rat ings for Neo -
gene clays. How ever, the suc tion-based sys tems (USAEWES,
Snethen et al., 1977; McKeen, 1992), yield the low est rat ings
for clays – from high to low de gree of ex pan sion. The con clu -
sion on the vari abil ity of the po ten tial expansivity of Neo gene
clays has been ad di tion ally con firmed by nu mer ous tests of the
in situ soil suc tion (fil ter pa per method) and mois ture con tent,
plot ted on the McKeen (1992) clas si fi ca tion chart (Fig. 7).
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Fig. 7. Po ten tial expansivity of Neo gene clays and gla cial tills 
on the McKeen (1992) clas si fi ca tion chart

I – spe cial case, II – high, III – mod er ate, IV – low, V – nonexpansive



The po ten tial field heave of Neo gene clays and gla cial tills
has been com puted with re gard to dif fer ent val ues of load ef fect
on heave (s = 0.5–0.9) and co ef fi cient of earth pres sure at rest
(K0 = 0.5–2.5). For the as sumed vari ables, the heave of Neo -
gene clays may vary within a wide range, whereas for gla cial tills,
the val ues range be tween 0.7 to 3.8 cm (Fig. 8). In or der to pro -
vide a ra tio nal es ti ma tion of ex pan sive soil be hav iour based on

these find ings, geotechnical en gi neers should take into con sid er -
ation the spe cific site and de sign fea tures.

Ac knowl edge ments. The au thors are grate ful to Prof.
M.K. Kumor, Prof. K. Dundulis and the anon y mous Re viewer as 
well as Prof. T.M. Peryt for the re vi sion and valu able com ments
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