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ABSTRACT: Determination of swelling potential is quite important in design of foundations on expansive
soils. In this paper an attempt has been made to develop a correlation for Swelling Potential, Sy accounting
both soil state and soil type representative parameters. The soil state is reflected by placement conditions fac-
tors namely Moisture Content, Dry Density, Void Ratio and Surcharge Pressure whereas the soil type is re-
flected by the compositional parameters namely Plasticity Index and Clay Content. The Swelling Potential
was measured for compacted samples prepared at different water contents and dry densities. Specimens were
allowed to swell under various surcharge loads. Analysis of the experimental results demonstrates very clearly
a strong linear relationship of Sy with the Factor of initial soil state, F;, combination of water content, dry den-
sity and void ratio. The coefficients of this linear relationship (i.e. constant and slope) were found to depend
on clay content, plasticity index and surcharge pressure. It is shown that predicted values of Swelling Potential
using the developed equation agree closely with the experimental results of this study and those reported in
the literature.
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1 INTRODUCTION

The swelling potential can be directly determined

The Swelling tendencies of expansive soils are
quantified by the swelling potential and/or free
swell. Swelling potential or volume change is de-
fined as the ratio of increase in thickness to the ini-
tial thickness of the soil sample compacted at opti-
mum moisture content in a consolidation ring and
soaked under a token surcharge of 6.9 k Pa, Seed et
al. (1962) so that the sample undergoes free swell.

Holtz and Gibbs (1956) developed a simple test
called free swell test for the determination of swell
potential of a soil. The test is performed by pouring
10cm’ of soil passing 425um sieve into a graduated
cylinder glass jar of 100ml capacity filled with wa-
ter. The swollen volume of the soil is observed after
24 hours. The free swell is expressed as a percentage
increase in the volume to the original volume of the
soil. Soils having a free swell of 100% or more dam-
age lightly loaded structures while those having free
swell of less than 50% don't pose serious problems
to structures.
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in the laboratory by performing one-dimensional
swell-consolidation test in an oedometer or indirect-
ly predicted from classification index properties such
as plasticity index, clay content, activity, and shrink-
age index which have only an indirect bearing on the
degree of swelling, Seed et al. (1962), Rao et al.
(2004). Some researchers based on experimental da-
ta proposed relationships for swelling potential in-
volving both placement conditions and index proper-
ties.

The aim of this paper is to predict swelling poten-
tial of soil from its index properties such as Atter-
berg limits, clay content and placement conditions or
initial soil state parameters such as water content,
dry density, void ratio and surcharge pressure.

2 PREVIOUS INVESTIGATIONS

Recently greater attention has been given to em-
pirical investigations of the swelling behavior of
compacted and natural soils, Seed et al. (1962);
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Chen (1988); Nayak and Christensen (1974); Rao et
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al. (2004). As a result of these investigations, vari-
ous forms of empirical equations have been pro-

posed which relate swelling potential to certain .
physical properties of soils, such as consistency lim-
its, clay content, initial moisture content and density. 6 -

Seed et al. (1962) proposed a linear relationship
between swell percent, S under a surcharge of 6.9
kPa (1 psi) and plasticity index, PI as:

VELVI CRAXST (&)
-

S = 216x10" (PI)** (1) , .

Seed et al. (1962) gave another expression for ) .
swell percent, S in terms of activity, A and clay con- : \
tent, C as: v -

R

S = 3.6x107(4)>* (C)** ) " e 10

Chen (1988) proposed a relationship for percent-
age swell, S_Of undisturbed soils in terms of plastici- Figure 2. Volume change versus moisture content for samples
ty index, PI in the form: compacted at constant dry density, Chen (1975).
S = Bxe™ 3)

where A and B are constants equal to 0.0838 and
0.2558 respectively. For the development of this cor-
relation, the surcharge pressure used was 6.9 kPa.
The water content varied between 15% to 20% and
dry density between 16 and 17.6 KN/m’. RRakmRa T pa—

-

Some researchers, Chen (1975) and Kassif et al g'-
(1965) based on experimental data proposed rela- ,,; .5‘ ols
tionships for swelling potential and initial soil state & 5 Sy o > '_._ﬁ:{t.l-—:m?-__

parameters such as initial dry density and initial wa- ;/ ——— ]
ter content. They found that swelling potential de- »——Lﬂr
pends on both initial water content and dry density. 0 I

It increases with increasing initial dry density and
decreases with increasing initial water content as
shown in Figures 1, 2& 3.
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Figure 3. Swell percent versus dry density of samples compact-
ed at constant moisture content values, Kassif et al (1965).

= Nayak and Christensen (1974) who studied the
i swelling behavior of compacted expansive soils, in-
dicated that the swell potential can best be related to
plasticity index, clay content and water content and
gave statistical relationships for swelling potential

(%)

CEANST
»
1

g as:
i}

’ ; S =(2.29x102)(1,)"* x % +6.39 (4)

2 i
where, S: is the percent swell, Ip: is plasticity
[ S R s e s S index, C: is the clay content, w;: is the initial water

Gt DY (YCR) ) content.

Figure 1. The relationship between volume change and initial Brackley (1973) studied the variation of the swell

dry density of expansive soil samples compacted at constant

moisture content, Chen (1975). percent with the void ratio for samples compacted at

equal moisture content values and observed that the
swell percent is inversely proportion with void ratio
as shown in Figure 4
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Figure 4. Variation of swell percent with void ratio of samples
having equal moisture content values, Brackley (1973).

The previous empirical equations, (1) to (4) give
reasonably good results when applied to the particu-
lar soils for which they were developed. Further-
more, they are easy to apply as they relate the swell-
ing behavior to simple index properties of soils
which can be easily determined in any soil laborato-
ry. Consequently, these equations are apparently lack
the generality necessary to cover a broad range of
soil types.

3 A CONCEPT TO PREDICT SWELLING

Previous investigations of swelling behavior have
revealed that the following factors influence swell-
ing potential:

a) Initial soil state parameters or placement con-
ditions.

b) Surcharge pressure under which swelling is
measured.

¢) Type and amount of clay

d) Consistency limits

In order to develop quantitative expression for
swelling potential, the initial soil state parameters
such as dry density, water content and void ratio can
best be combined in a way reflecting the influence of
each of them on the swelling potential. Therefore a
new concept was developed; this is called the initial
state factor and can be expressed thus:

F=f. )
p, @-e

where F; = the initial state factor; p; = the initial
dry density of soil; p,, = the density of water; w = the
initial water content of soil; e = the initial void ratio
of soil.

e:g—l 6)

Py

where G, = the specific gravity of soil.

The initial state factor was empirically Tormuiated
on basis of the following reasons:

e As reported by Chen (1975) and Kassif et al
(1965) and shown in Figures 1 and 3 that a linear
relationship exists between the swell percent and
the initial dry density of the soil samples com-
pacted at constant moisture content. Hence, the
swell percent, S can be assumed to be directly
proportional to the dry density, o,

S o p, ; @ is constant 7
e The experimental data reported by Chen (1975)
and Kassif et al (1965) and shown in Figure 2 and
3 indicated that an inverse linear relationship
drawn between the swell percent, S and the mois-
ture content, w of the soil samples having the
same dry density.
1

S oo — 5 Py
w

Is constant 8)

e Brackley (1973) proposed an inverse linear rela-
tionship between the swell percent, S and the void
ratio, e of the samples having the same moisture
content as shown in Figure 3.

1
S oo — W
e

Hence from the above equations and using p./p,,
instead of p; to make the term dimensionless results
in:

is constant 9)

Pa 1
Po W€

From the above equation (10) it can be concluded
that the swell percent, S is directly proportional to

the initial state factor, F;. This relationship can be
expressed as:

S o«

(10)

S o« F (11)

L

4 EXPERIMENTAL WORK

The primary objective of this paper is to predict
the swelling potential of expansive soils using index
properties such as water content, dry density, void
ratio, clay content and plasticity index. To achieve
this objective an experimental testing program was
conducted on soil samples collected from different
locations of expansive soils in Sudan. Soil samples
were compacted with wide range of water content
and dry density.
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Preliminary tests were carried out to determine By substituting the above equations (213)1251%1\& 2(217%)181
consistency limits (i.e. liquid limit and plastic limit),  in the general equation (12) and reatranged 16 ex-""
clay content and specific gravity all carried out in  press swell percent as:
accordance with BS 1377 (1990).

The Swell potential was measured in the conven-
tional oedometer cell performed on compacted soil where: F; : is the initial state factor, g: is the
samples. The prepared specimens were inundated  surcharge pressure (KPa), PI: is the plasticity index,
with water and full swelling attained within 24-36  C: is the clay content.
hours. The specimens were permitted to swell under
various surcharge pressures of 2.5, 7, 25 and 40 Kpa.

Sq _ 24'5*(6])4).,26(” %126 [F, _7.1*((])0.22 «(P[*C)"%] (15)

Forty eight tests were performed for measuring the Table 1. The measured and predicted swell percent and initial
swelling potential. state data analysed of the four soils tested.
Sample w P4 e F Si* S*  S./ S,
%  glem’ % %
5 RESULTS AND DISCUSSION Ay 119 1.686 0.69 189 134 137 1.02

A, 120 1.610 0.53 273 216 204 094

The experimental results of the measured swell — As 150 1.609 0.67 157 101  1L.1 1.10
percent with the measured index properties, initial Ay 153 1448 048 243 199 180 091
ter content, dry density, void ratio and their com- 4 5.5 1492068 149 11.5 105 091
watet confent, dry Y, As 168 1500 069 137 94 95 101
b}nathn, initial state faqtor of the test_ed samples are  p, 168 1590 083 103 78 68 0.87
given in Table 1. The index properties of the soils  Aq 174 1521 053 189 158 13.7 087
and the surcharge pressures under which the swell Ao 198 1.673 057 149 87 105 1.21
tests were conducted are presented in Table 2. The  Aw 198 1817 065 126 84 8.7 1.04
measured swell percent of the soils samples were A 2301361065 108 7.1 72102
b d to be influenced by the initial dry densit Ap 236 1472083 74 60 15 07
observe y y Y As; 287 1648 078 67 53 39 074

and water content as well as the clay content, plastic-

o . . B 11.8 1.500 0.77 16.5 8.3 82 098
ity index and the surcharge load under which the B; 133 1590 067 179 79 89 113
sample was tested. B, 135 1521 074 151 64 73 115

B, 147 1673 058 194 10.7 9.8 0.92
5.1 The Linear Relationship Bs 162 1.817 046 244 133 127 0.96

' , o Bs 174 1561 070 129 66 60 092
To investigate the relationship between the initial B, 190 1472 080 9.7 3.8 42 1.11

state factor, F; and the swell percent, S the tests re- Bg 190 1.648 0.61 14.2 5.9 6.8 1.16
sults obtained in this study were analysed as givenin ~ Bo 214 1721 054 149 64 72 112
Table 1. The relationship of the analysed data are glo %ég }ggg 822 lgg ‘3‘421 gg H;
shown in Figure 5. The plots in this figure and the 5" 5% Ueg 078 72 39 28 087
values of the correlation coefficient, R” as listed in Bi 289 1460 082 62 28 22 080
Table 2 have clearly shown a linear relation between 5 143 1549 077 141 298 287 096
the swell percent, S and the initial state factor for all C; 169 1465 087 100 188 185 099
the data analysed. The straight lines shown in the (, 208 1358 1.02 64 126 9.8 0.78

plots of Figure 5 can be expressed as: Cy 205 1460 0.88 8.1 145 141 097
Cs 20.7 1.568 0.75 10.1 17.2 19.0 1.10

Ce 239 1370 1.00 57 10.6 8.1 0.77

Sq =M *(F, - F, ) (12) C; 23.8 1458 0.88 7.0 107 1.2 1.05
Cs 29.0 1371 1.00 4.7 5.8 5.7 0.98

where: Fy is the value of F; at zero swell percent, Gy 284 1445 090 57 5.2 8.0 1.54
M is the gradient of the straight line. Cuo 33.0 1376 099 42 38 44 LI6
For the swelling potential data, the relationship of D, 136 1.553 0.76 149 13.1 125 0.73

Fy and M with surcharge pressure, clay content and D2 148 1520 080 128 11.8 10.0  0.65
plasticity index was plotted in Figure 6. It can be  Ds 170 1457 0838 98 8.2 6.3 061
. . . .= D, 20.7 1362 1.01 6.5 3.7 24 0.56

noted that in this figure, increasing in surcharge load 207 1453 089 79 54 i1 062
will increase Fo and decrease M values, while in- D 207 1558 076 99 69 66 075
crease in clay content and plasticity index will in- D, 205 1.645 067 12.1 8.4 9.1 084

crease Fp and M values. The equation of the best fit  Ds 234 1369 100 58 28 1.6 053

line are expressed thus: Dy 23.9 1.452 0.89 6.8 3.8 2.8 0.62
Dy 245 1.550 0.77 8.3 4.4 45 0.83
F, = 7.1(q)0'22*(PI *C)0~78 (13) Dy, 29.2  1.352 1.03 45 1.1 0.8 073

D, 283 1457 0.88 59 1.3 1.7 1.28

026 4 o Y126 * S the measured swelling potential value
M = 24.5(q) (PI C ) (14) * S, : the calculated swelling potential value.
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Figure 5. The linear relationship between swell percent and ini-
tial state factor, F; for the data analyzed of present tests results.

Table 2. The tested soils index properties and analysis results.

Sample PI  C q_ G Fo M R’
% %  KPa

Soil A 33 30 7.0 2,65 1.66 083  0.948

SoilB 33 30 250 265 280 058 0951

SoilC 32 61 25 274 250 244 0951

SoilD 32 61 400 274 377 118 0954
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Figure 6. The variation of F; and M with clay content, C, plas-
ticity index, PI and surcharge pressure, q

5.2 Verification With The Reported Data

The validity of the linear relationship and the
proposed correlation for Swelling Potential is as-
sessed by comparing the results obtained in this in-
vestigation with the analysis results of the experi-
mental data reported by previous investigators for
different soils from literature.

Many investigators have conducted swelling po-
tential on compacted expansive soils, Chen (1975);
Seed et al.,(1962); Nayak and Christensen (1974).
Unfortunately, in most cases, the given data are in-
sufficient to apply the proposed equation to their
soils. However, the data reported by Chen (1975),
Kassif et al (1965) and Brackley (1973) in the litera-
ture were selected for comparison.

To evaluate the linear relationship between the in-
itial state factor, F; and the swell percent, S, the ex-

the trend lines shown in plot indicate that there is a
direct linear relationship exists between swell per-
cent and the Factor, F;.

©  Chen & Brackley ® Kassif
— —Linear (Chen) =~ =esses Linear (Brackley) = +- Linear (Kassif)
40 7
35 ‘_-C‘A
&
30 A
i
25
5 e
§ 20 i
o 87
15 H
&
0] &
54 3 _ o0
S
LI L —
o] 5 10 15 20 25 30 35 40
Factor , F;

Figure 7. The relationship between swell percent and initial
state factor, F; for the data reported by previous investigators.

To check the validity of the present proposed cor-
relation, the swell percent values obtained from the
proposed equations 15 are compared with the meas-
ured swell percent values as given in Figure 8 and
also in the Table 1. As can be seen from the tabulat-
ed results the ratio between the calculated swelling,
using the equation 15 and the measured swelling
values are in the range 0.80 ~ 1.30. In Figure 8 the
points are found to fall close to the line of equality
indicating good prediction. This is expected because
it is the data used for development of proposed re-
gression correlation.
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Figure 8. Comparison of measured / predicted Swell Percent
for tests results.

The data experimental data reported by Chen
(1975), Kassif et al (1965) and Brackley (1973) and
shown in Figures 1 to 4 were analysed. The Swelling
Potential predicted using the proposed equation 15 is
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plotted against the measured Swelling Potential for
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all the data reported. The plot is shown in Figure 9.
Many points are falling close to the line of equality,
some of the points are dispersed away from line of
equality. This result indicate that there is a good
agreement between the measured and predicted swell
percent values and this has proved the validity of the
developed equation.

50
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40

30

Measured Swell (%)

20 L]
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Calculated Swell (%)

Figure 9. Comparison of measured / predicted Swell Percent
for data reported by previous investigators.

6 CONCLUSIONS

Experimental work has been carried out to predict
the swelling potential of expansive soils from meas-
ured soil properties. Several tests to measure the
swell potential and index properties were performed
on samples compacted to a wide range of water con-
tent and dry density.

The initial state parameters of soil such as water
content, dry density and void ratio were combined in
a way reflecting the influence of each of them on
swelling potential. This combination was termed the
initial state Factor, Fi. Analysis of the tests results
clearly demonstrates a direct linear relationship ex-
isting between swell percent and the Factor, F;.

Based on the linear relationship, strong and relia-
ble correlation has been established for swell percent
with initial state factor, clay content, plasticity index
and surcharge pressure.

Comparison of the measured and predicted swell-
ing potential values for tests results and the data re-
ported by previous investigators, indicates that there
is a good agreement between the measured and pre-
dicted swelling values.

The swelling potential and the soil properties
seemed to exist in good relationship. Simple regres-
sion equation for quick prediction of swell percent
from the index properties was developed.

The author would like to thank the technical staff
of soil mechanics laboratory of civil engineering de-
partment, faculty of engineering, university of Khar-
toum for their excellent support during the soil test-
ing.
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