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Abstract
Having knowledge about physical, chemical and mechanical properties of problematic soils is necessary when they are applied in
construction projects as borrow materials or foundation, because these soils have potential to create large financial losses. This
research deals with characterizing dispersive and swelling soils as problematic soils in southeast of Yazd (center of Iran) with aim
of establishing a relationship between dispersivity and expansivity indices. In this regard, after performing a series of physical and
chemical tests, the characteristics of the soil samples were determined, and their dispersivity degrees were specified by conducting
chemical, pinhole and double hydrometer tests. Also, swelling rates of the soils were estimated using direct method (modified free
swell index, MFSI) and indirect methods (different criteria developed for swelling assessment). The results showed that chemical
parameters overestimate dispersivity of the soil samples (dispersive to semi-dispersive) in compared to pinhole and double
hydrometer tests (slightly non-dispersive to moderately dispersive). Different expansivity degrees were defined using the direct
and the indirect methods (ignorable to very high) for the soil samples. Among the empirical criteria used to evaluate the swelling
potential, the AASHTO's criterion has the closest results to the MFSI in the both boreholes. Also, it revealed that as depth increases,
the degree of soil dispersivity and expansivity decrease in response to the reduction of fine grain content in the samples. Finally, the
correlations between dispersivity and expansivity indices, showed that sodium absorption ratio (SAR) can be used as a reasonable
index to estimate soil swelling potential.
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1 Introduction
Problematic soils, which are formed in different geological conditions, are considered as one of the most challenging issues in geotechnical projects. Hence, field observation and laboratory tests are necessary for identifying
such soils. Dispersive and swelling soils are considered as
the most common problematic soils. Dispersive soils are
defined as clay soils with high sodium percentage, which
are highly susceptible to erosion. The tendency of the clays
to disperse or de-flocculate depends on the mineralogy
and soil chemistry and also on the dissolved salts in the
pore water and the eroding water [1]. The previous studies
showed that the presence of clay active minerals, such as
montmorillonite, low electrolyte concentration, and existence of exchangeable sodium ions, contribute to emerge
dispersive behavior. Since identification of dispersive soils

is not possible via performing the routine laboratory index
tests, many studies have been performed to define methods to identify such soils [2]. In this regards, during past
decades, many researchers studied identification methods of dispersivity of soils using chemical or physical
properties of soils (e.g. [3–9]). Among the common tests
to identify dispersivity of soils are soil dispersion test
(in jar), pinhole test, double hydrometer test, and chemical
tests [10]. Also during last years, mechanical properties
including unconfined compression and compaction tests
[3, 11], shear strength test [12], and California Bearing
Ratio-CBR [13] were used to identify dispersive soils.
Expansive soils are other common problematic soils
which outcrop extensively in the arid and semi-arid regions
and greatly affect construction activities in different parts
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of the world [14]. Holtz and Kovacs [15] reported that high
plastic clays with a plasticity index greater than 35 % can
be considered as expansive soil. Expansive soils show
remarkable volumetric changes in result of moisture content changes that it causes swelling and shrinkage behaviors in soil. The pressure caused by this phenomenon leads
to damage to civil structures such as light weight buildings, pavements, embankments, and dams [16].
The Free Swell Index (FSI) test, the one dimensional
consolidometer test, the load-back test and the constant
volume test are the most common direct methods to identify swelling degree of soils [17]. In addition to direct
methods, empirical criteria (indirect approaches), which
are defined based on physical and index properties of soils,
are also applied to express degree of soil expansivity. Due
to the importance of the subject of swelling soils, many
researchers have studied expansivity of soils using direct
and indirect methods (e.g. [18–24]).
In the last decades, holes and ruptures have been
occurred on the surface of the Yazd-Ardakan plain
(Fig. 1A) which are related to presence of problematic
soils in this region. Serious damages such as creation of
cracks in buildings and roads, and even forming holes, are
visible in this region (Fig. 1B). Presence of dispersive and
swelling soils are two possible causes of these phenomena.
Only in a study, Mahmoudi [25] reported presence of
swelling soils with moderate expansivity degree around the
Ardakan city, where these soils caused cracking in structures of the region. Hence, evaluation of dispersivity and

Fig. 1 Geographical situation of the study area along with a view of
longitudinal and branched ruptures in the area (A) and cracking in building
walls in Yazd-Ardakan plain due to existence of problematic soils (B)

swelling of the soils covering Yazd-Ardakan plain is very
important. On the other hand, previous studies in relation
to dispersive and swelling soils, carried out mainly without regarding the relationship between the characteristics
of dispersivity and expancivity of soils. Considering these
issues, in this study, representative soil samples, taken
from the excavation of two boreholes in the southeast of
Yazd-Ardakan plain, will be investigated from dispersivity and expansivity points of view and then the relationships among indices of dispersivity and expansivity will
be assessed. For this purpose, after determining the physical (moisture content, gradation, porosity, Atterberg limits,
specific gravity, natural density and etc.) and chemical (cation analysis, XRD and XRF) properties, the dispersivity
degree of the soil samples will be measured using chemical
parameters, pinhole test and double hydrometer test.
Also, the swelling potential of the soil samples will be
estimated using direct method (modified free swell index,
MFSI) and indirect criteria (different criteria developed
for swelling assessment). Finally, based on results and via
statistical methods, the relationship between dispersivity
and the expansivity will be examined.
2 Geographical situation, climatology, geomorphology
and geology
Yazd-Ardakan plain is a tectonic depression between
Kharanaq and Shirkooh mountains. Kharanaq and
Shirkooh mountains with trend of northwest-southeast are
located in the east and the west of the study area respectively. This plain includes Ardakan, Meybod, Ashkezar,
Mehriz and Yazd cities and its area is about 11775 square
kilometers. Between these two mountains, remains of the
Tertiary period outcrop in form of low-altitude dunes of
conglomerate - sandstones, which have locally changed the
topography and created certain geomorphologic conditions. Calcareous formations of Cretaceous form highland
areas in the region [26].
Yazd city was developed on recent alluvial deposits
(Q) and Aeolian dunes with age of Quaternary. The study
area includes clay plains located in the southeast of Yazd
(Fig. 1). Longitudinal and branched ruptures are the main
geomorphological forms in the region that mechanism of
their occurrence is questionable (Fig. 1A).
From climatology point of view, the study area has hot
and dry climate (desert or arid climate) with very hot and
dry summers, and relatively cold and dry winters. Level
of rainfall in Yazd is low, as the average amount of annual
rainfall for a period of 66 years is about 55.9 mm for the
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region. Also the average annual temperature for the same
period is about 19 °C. The evaporation rate in Yazd province is very high due to dry weather and high wind speeds,
so that the average evaporation from the measuring pan is
between 3000 and 3400 mm in plain areas (altitudes less
than 1200 m) and it decreases at highlands to the range of
2000 mm to 2500 mm.
3 Sampling
After carrying out preliminary studies and assessing geological condition of the study area, two boreholes with
depths of 5 m (borehole A, along the ruptures) and 6 m
(borehole B in distance of two kilometers from the ruptures) were drilled to obtain samples for laboratory experiments (Fig. 2). Samples were collected in both disturbed
and undisturbed forms for every one meters of soil depth.
4 Materials and methods
4.1 Physical and chemical tests
After obtaining the samples, a variety of physical tests,
including moisture content [27], natural density [28], specific density [29], particle size analysis [30] and Atterberg
limits [31] were carried out on 11 samples obtained from
different depths of the two boreholes. Considering that
the degree of dispersivity of soils is largely dependent on
their chemical composition, the X-Ray Diffraction (XRD)
test was performed on representative samples (5 samples
at depths of 2 and 4 meters of the borehole A and 2, 4, 6
meters of the borehole B) by a Philips Analytical X-Ray
B.V device, and the radiation angle (2θ) of 4.01°–59.99°.
Also, the quantification of clay minerals is one of the most
important subjects in evaluating clay-rich soil, but it is
still challenging due to the unique structures and various
element compositions of clay minerals [32]. During past
decades, XRD has been considered as a reliable analytical approach in quantifying clay minerals. Hence, XRD
method was also used to determine the percentage of clay
minerals. Spectra of clay minerals from two samples at 4 m
of the two boreholes were used to determine the percentage

Fig. 2 A view of the boreholes A and B

of clay minerals. So that, by calculating the area under the
clay peaks in the XRD spectrum, the percentage of clay
minerals was obtained.
Chemical analysis is considered as major step of determination of mineral nature, and characterizing different oxides in relation to soil samples is essential [33].
Therefore, the soil samples were subjected to X-Ray
Fluorescence (XRF) to analyze the chemical composition
of the samples. Two XRF tests were carried out using S4
EXPLORER / X-Ray Spectrometry-Bruker (WD XRF)
device to measure the number of main oxides and sub-elements in representative samples from the both boreholes.
4.2 Experiments for determining soil dispersivity
degree
Various laboratory experiments are commonly used to
identify dispersive soils, including the double hydrometer test, the crumb test, pinhole test and various chemical
analyses of the soil [34]. In most cases, a combination of
the results obtained from the methods is considered for
determining dispersivity of soil.
In this study chemical analyses were carried out on
11 samples obtained from both boreholes with aim of
determining the amount of sodium in the soil samples.
Using the analyses, the exchangeable cations on the clays
and the cations in the saturation extract were measured.
Then, three chemical parameters including the total dissolved solids (TDS), the sodium absorption ratio (SAR),
and the percent of sodium (PS) were calculated according
to Eqs. (1)–(3):
TDS = Ca 2+ + Mg 2+ + Na + + K + ,
PS =

+

Na
× 100,
TDS

SAR =

Na +
Ca 2 + + Mg 2 +
2

(1)
(2)

,

(3)

where TDS is total dissolved solids (meq/l), Na+ is sodium
concentration (meq/l), Ca2+ is calcium concentration
(meq/l), Mg2+ is magnesium concentration (meq/l), and K+
is potassium concentration (meq/l).
Also, the pinhole test was used to assess dispersivity of the samples. This test is one of the most common physical tests for determination of soil dispersivity.
Sherard et al. [35] introduced this test for simulating the
action of water draining through a pipe in the soil. The
ASTM-D4647 standard [36] was used to perform pinhole

|1115

Zare-Junaghani et al.
Period. Polytech. Civ. Eng., 63(4), pp. 1112–1124, 2019

test on 5 samples obtained from depths of 2 m and 4 m of
borehole A and depths of 2 m, 4 m, and 6 m of borehole B.
According to this standard, as water flows through a small
hole punched in the center of a specimen, effluent turbidity and pinhole size at the end of each test are recorded.
The specimen is considered as dispersive, when the effluent is highly turbid (murky) and the pinhole is enlarged.
The specimen is considered as non-dispersive if the opposite is observed. Classification of soils based on pinhole
test results is presented in ASTM-D4647 standard [36].
Another suitable test to identify dispersive soils is the
double hydrometer test. In this test, rate of suspension of
clay fraction in a soil is measured to express level of dispersivity. Therefore, the double hydrometer test according
to ASTM-D4221 standard [37], was performed on 11 samples from different depths of the two boreholes. The procedure suggested by ASTM includes two parallel tests. First,
performing the standard hydrometer test which includes
determination of percentage of particles with size of less
than 0.005 mm in soil. Second, a similar test to the first
test but without use of chemical dispersant. Finally, percentages of 0.005 mm sized particles in the both tests are
used to define the dispersion ratio or dispersivity percentage of soil (Eq. (4)).
The percentage of particles smaller
DP =

than 0.005 mm in the first testt
×100,
The percentage of particles smaller

(4)

than 0.005 mm in the second testt
where DP is dispersivity percentage. Bell and Walker [38]
classified soils as highly dispersive, dispersive, moderately
dispersive and non-dispersive according to the obtained
dispersion ratio.
4.3 Experiments for determining soil expansivity degree
Measuring soil swelling degree is done as directly or indirectly. Direct methods include numerous laboratory tests
such as free swell, zero swell, loaded swell, restricted swell,
constant volume, swell-consolidation, and double oedometer tests. In spite of validity of direct measurements, their
application is not common, because they are usually time
consuming. Recently, Sivapullaiah et al. [39] introduced
a new testing method to determine modified free swell
index (MFSI), which provides a better estimation of the
potential for swelling of clay soils. In the present study,
MFSI was used to assess swell potential of 11 samples
obtained from different depths of the boreholes. The MFSI
is defined as Eq. (5):

MFSI =

V − VS
,
VS

(5)

where V is the soil volume after swelling, VS is volume of
the solid fraction of soil particles.
During past decades, many researchers (e.g. [18, 40–44])
tried to develop empirical correlations to predict swelling
potential of soils using physical and index properties such as
Atterberg limits, percentage of clay content, activity level,
initial moisture content and density. In this study, five criteria including Chen [45], modified Van der Merwe [46],
Williams [47], Seed et al. [42], and AASHTO [48] were
used to indirectly measure the potential for the swelling
of the soil samples. The plasticity index (PI) is used in the
Chen and modified Van der Merwe criteria as a predictor
parameter. Williams's criterion uses plasticity index, clay
percentage, and activity number of soil to assess swelling
potential. The criterion reported by Seed et al. [42] determines the soil swelling rate using the percentage of clay
particles in soil and activity number. The AASHTO's criterion uses the liquid limit and soil plasticity index characteristics to estimate the swelling. All depths of the both
boreholes were studied using these criteria.
5 Results and discussion
5.1 Results of the physical and chemical experiments
As mentioned in Section 4, a series of physical and chemical experiments were done on the obtained samples,
and the results are presented in Tables 1-3 and Figs. 3-5.
According to the obtained results (Table 1), in borehole A, the plasticity index shows an ascending trend due
to increase of water absorption potential in response to
increasing depth. The soil samples were classified using
plasticity chart [49] and based on their Atterberg limits
(Fig. 3). Considering changes in the Atterberg limits, two
types of soil layers can be distinguished. So that, with
increasing depth, the soil type has changed from clay
with low plasticity (CL) to clay with high plasticity (CH)
(Fig. 3). In case of borehole B, three layers of soil can
be distinguished based on the calculated Atterberg limits. Soil samples collected from depths of 3 and 4 meters
of the borehole B show lower Atterberg limits than the
samples from other depths of the borehole, and therefore
these samples are classified in CL category, where the
other samples are considered to be CH.
Considering what was mentioned, it can be said that in
both the boreholes, the clay soils have layering, resulted
from the change in the Atterberg limits. The percentage
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Table 1 Physical properties of the samples of boreholes A and B
Sample

Borehole A

Borehole B

LL

PL

PI

Fine grain

Clay

Silt

Soil
type

14

82.28

CL

14

81.56

CL

14

80.64

CL

79.31

CH

11

78.2

CH

19.50

78.71

CH

16

80.07

CH

14

77.73

CL

89

12

77

CL

87

10

77

CH

10

75

CH

Depth (m)

Activity (A)

Moisture
content (%)

Density
(gr/cm3)

Gs

e0

1

1.264

3.00

1.60

2.80

0.75

44

26.30

2

1.307

4.16

1.58

2.72

0.72

44.50

26.20

18.30

95.56

3

1.58

4.51

1.59

2.72

0.71

47.90

22

25.90

94.64

4

2.363

5.30

1.55

2.65

0.71

51

25

26

90.31

11

5

3.163

6.25

1.53

2.65

0.70

54.30

19.50

34.80

89.2

1

1.128

9.12

1.49

2.60

0.74

50

28

22

98.21

2

1.756

10.00

1.52

2.72

0.78

51.90

23.80

28.10

96.07

3

1.54

14.95

1.54

2.60

0.68

44.60

23.07

21.53

91.73

4

1.8

19.90

1.57

2.72

0.42

39.20

17.64

21.56

5

3.02

15.62

1.63

2.72

0.40

52

21.80

30.20

6

3.693

11.30

1.70

2.65

0.35

59.15

22.22

36.93

85

(%)
17.70

96.28

Table 2 Results obtained from XRD test of clay minerals
Sample

Depth (m)

Smectite (%)

Illite (%)

Kaolinite + Chlorite(%)

Borehole A

4

4.45

80.08

15.45

Borehole B

4

3.57

80.35

16.07

Table 3 Results of XRF test on the soil samples
Sample

Depth (m)

Oxide type (%)
Na2O

K 2O

SiO2

MgO

Cao

Al2O3

Borehole A

2

0.67

1.45

25.9

6.04

13.3

6.72

Borehole B

2

1.2

2.26

22

8.29

13.2

11.2

Fig. 3 Classification of the soil samples based on plasticity chart [49]

of moisture content in borehole A has an increasing trend
due to an increase in the percentage of fine grains (clay
and silt), while a specific trend is not visible in case of
borehole B in relation to increasing depth. It is because
of change in content of sand and clay in length of the
borehole. The specific gravity for solid particles forming
soils can vary from 2.63 to 2.9 [50]. The specific gravity of bright colored sand, often made of quartz, is estimated to be about 2.65. In case of clay minerals depending on clay mineral type, the specific gravity is different.
For example, the specific gravity range for kaolinite is
2.61–2.66, for illite is 2.6–2.86 and for montmorillonite

is 2.74–2.78 [50]. Therefore, with increasing clay minerals in a soil, its solid part specific gravity will enhance.
According to the results (Table 1), the specific gravity (Gs )
of the solid for the both boreholes varies from 2.6 to 2.8,
indicating a high percentage of clay and silt in the soil samples. According to the performed XRD analysis (Fig. 4),
quartz, calcite, dolomite and clay minerals are the major
constituents of the soil samples and plagioclase (albite) is
the minor constituent.
As mentioned in Section 4, XRD analysis was also
done on clay fraction of the soil samples (Fig. 5). The
results showed that the main clay mineral is illite and the
other clay minerals are kaolinite, chlorite and smectite. In
addition, the interpretation of the XRD patterns showed
an increase of 2.8 to 2.9 times the ratio of the intensity of
the first peak of illite to the its second peak in the boreholes A and B respectively. This indicates the superiority
of the trioctahedral illite (created from biotite decomposition) to the dioctahedral illite (created from muscovite
decomposition) in the soil of the region. In fact, the more
decomposability characteristics of biotite compared
to muscovite has led to a greater release of magnesium
and iron elements in the soils containing these minerals.
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Fig. 4 The XRD chart of soil samples in both boreholes

Fig. 5 The XRD chart of clay minerals in both boreholes

Also, calculation of percentages of clay minerals in the
soil samples, obtained from depth of 4 m of the both boreholes, confirmed that illite is the main part of clay minerals in the samples (Table 2).
The results of XRF analyses (Table 3) on representative
samples of the two boreholes showed that in borehole A,
the percentage of Na2O is less than that for borehole B,
but the CaO percentage is slightly higher. Therefore, it can
be expected that the dispersivity potential of the soils of

borehole A is less than borehole B. Also, since the total
content of SiO2 and CaO in the borehole A is higher than
borehole B, it is expected that the soil strength in borehole A is more than borehole B.
5.2 Results of soil dispersivity detection tests
The chemical tests were carried out based on what mentioned in Section 4 and the results are presented in Table 4.
As can be seen from Table 4, all the three parameters
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(SAR, TDS and PS) show descending trend with increasing depth. The soil samples were classified (Table 4) based
on their PS values according to the classification presented by [38]. The results showed that in borehole A up
to 3 m depth, the soil samples fall in dispersive category,
and other samples are considered as intermediate dispersive soils. Also, all the samples of borehole B are intermediate dispersive soils. Based on the data presented in
Table 4, the locations of samples on the graph presented by
Sherard et al. [51] were found (Fig. 6). The results showed

that eight samples fall in the dispersive zone and three
samples fall in the middle zone, while none of the samples
are located in the non-dispersive zone.
The results of the pinhole tests are presented in Table 5.
The results showed that all samples in borehole A, and samples of depths of less than 4 m in borehole B, fall in ND3
and ND4 categories (moderately to slightly dispersive) and
the rest (depths of 5 m and 6 m) fall in the ND1 category
(nondispersive). Also, the dispersivity percentages calculated based on the double hydrometric test results are

Table 4 The results of the chemical tests performed on the soil samples
Sample

Concentration (meq/L)

Depth
(m)

Na+

1
2
3
Borehole A

K+

TDS
(meq/L)

SAR
(meq/L)

Dispersion class
based on Sherard's
chart (1976)

Dispersion class
based on PS %

PS (%)

Mg2+

Ca2+

40.20

4

5

3.95

53.15

18.95

75.635

Dispersive

Dispersive

36

4.6

6

3.294

49.894

15.63

72.153

Dispersive

Dispersive

35.1

4.8

6.4

3

49.3

14.85

71.197

Dispersive

Dispersive
Dispersive

4

29.5

7

8

2.794

47.294

10.774

62.637

Intermediate
dispersive

5

22.3

8.8

9.5

2.5

43.1

7.3

51.740

Intermediate
dispersive

Semi-dispersive

1

52.85

13.5

15.2

4.7

86.25

13.95

61.133

Intermediate
dispersive

Dispersive

2

51.2

13

15

4.30

83.63

13.686

61.22

Intermediate
dispersive

Dispersive

3

24.7

5.5

7

4.15

41.35

9.9

59.734

Intermediate
dispersive

Dispersive

4

20.2

3.9

6.8

3.964

34.864

8.733

57.939

Intermediate
dispersive

Semi-dispersive

5

17.75

3.5

6.3

3.15

30.7

8

57.817

Intermediate
dispersive

Semi-dispersive

6

16.2

2.9

6.1

2.6

28.2

7.6

58.273

Intermediate
dispersive

Semi-dispersive

Borehole B

Table 5 Results of the pinhole tests on the soil samples
Sample

Depth
(m)
2

Borehole A
4

2

Borehole B

4

6

Head
(mm)

Test time for
given head (min)

Final flow rate trough
specimen (mL/s)

50

10

1.4

Cloudiness of flow at end of test
from side

from top

Hole size after
test (mm)

Dispersive
Classification

barely visible

slightly dark

≤1.5

ND3

180

5

1.8

barely visible

slightly dark

≤1.5

ND3

50

10

1.5

barely visible

slightly dark

≤1.5

ND3

180

5

1.7

barely visible

slightly dark

≤1.5

ND3

50

10

0.85

slightly dark

moderately dark

1.5

ND4

Slightly dark
until the dark

1.5

ND4

180

5

0.9

Slightly dark
until the dark

50

10

0.8

A little opaque

A little opaque

1.5

ND4

180

5

0.95

Slightly dark
until the dark

Slightly dark
until the dark

1.5

ND4

50

10

2.1

Transparent

A little white

1

ND1

180

5

2.6

Transparent

Transparent

1

ND1
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Table 6 Dispersivity class of the samples according to classification of
Bell and Walker [38]
Sample

Depth (m)

Dispersivity
percentage (DP)

Classification

1

40

Moderately
dispersive

2

45.45

Moderately
dispersive

3

40

Moderately
dispersive

4

46.66

Moderately
dispersive

5

43.75

Moderately
dispersive

1

39.28

Moderately
dispersive

2

43.33

Moderately
dispersive

3

45

Moderately
dispersive

4

33.33

Moderately
dispersive

5

25.6

Slightly
dispersive

6

11.76

Non-dispersive

Borehole A
Fig. 6 Dispersivity class of the samples according to Sherard’s chart
(after Sherard et al. [51])

presented in Table 6. As can be seen from Table 6, except
samples of depths of 5 m and 6 m from borehole B, which
are slightly dispersive and non-dispersive respectively, all
the samples are considered as moderately dispersive soils.
5.3 Results of soil swelling detection tests
5.3.1 Direct evaluation of the swelling potential of the
soil samples
Based on the calculated values of MFSI for the soil samples,
the potential of swelling of them is expressed in Table 7.
As can be seen from Table 7, almost all the samples of
borehole A fall in moderate swelling category except sample of depth of 5 m which is classified as ignorable swelling degree. In case of borehole B, expansivity of half of the
borehole depth is moderate and the other half is ignorable.

Borehole B

5.3.2 Indirect evaluation of the swelling potential of the
soil samples
As it was mentioned in Section 4, five empirical criteria are used to predict swelling potential of soils using
physical and index properties. The five criteria including
Chen [45], modified Van der Merwe [46], Williams [47],
Seed et al. [42], and AASHTO [48] were used to describe
degrees of expansivity of the samples in both the boreholes (Table 8 and Fig. 7) and then the swelling descriptions were compared to descriptions based on MFSI. The
obtained results are expressed in the following paragraphs.
The results obtained from the estimation of the swelling potential of the soil samples for the both boreholes are
shown in Figs. 8 and 9. As can be seen from the Fig. 8, the
Vander Merwe's criterion overestimates the soil expansivity in comparison with the other empirical criteria.
According to Fig. 8, it can be concluded that among the five
criteria, AASHTO [48] and Seed et al. [42] criteria have
closer results to MFSI. In fact, other criteria don't show
ignorable degree of swelling potential for the samples.

Borehole
A

Table 7 Expansivity of the soil samples according to classification
presented by Sridharan and Prakash [14]
Sample

Borehole
B

Depth (m)

MFSI

Swelling potential

1

3

Moderate

2

2.8

Moderate

3

2.6

Moderate

4

2.58

Moderate

5

2.25

Ignorable

1

2.7

Moderate

2

2.55

Moderate

3

2.50

Moderate

4

2.26

Ignorable

5

2.20

Ignorable

6

2.18

Ignorable

It can be observed that the predictions based on the two
methods of Chen and Williams match very well and similar condition is visible for the two criteria of AASHTO
[48] and Seed et al. [42]. The obtained results for borehole B are also shown in Fig. 9. According to Fig. 9, it
can be concluded that Van der Merwe criterion classify the
soil samples in ignorable and moderate categories same as
MFSI index. Although, criteria of Williams [47] and Seed
et al. [42]. classify samples of borehole B into ignorable
and moderate but with different percentages.
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Table 8 Classification of the soil samples from expansivity point of view according to classifications of Chen, Van Der Merwe and AASHTO.
Expansivity degree
Chen classification [45]

Low (0 < PI < 15)

Moderate (15 < PI < 35)

High (35 < PI < 55)

1A, 2A, 3A, 4A, 5A, 1B, 2B, 3B, 4B, 5B

6B

Very high (PI > 55)

Expansivity degree

Van Der Merwe
classification [46]

Low (0 < PI < 12)

AASHTO classification
[48]

Moderate (12 < PI < 24)

High (24 < PI < 32)

Very high (PI > 32)

1A, 2A, 1B, 3B, 4B

3A, 4A, 2B, 5B

5A, 6B

Expansivity degree
Low (0 < LL < 50 and 0<PI<25)

Moderate (50 < LL < 60 and 25<PI<35)

1A, 2A, 1B, 3B, 4B

3A, 4A, 5A, 2B, 5B, 6B

Fig. 7 Classification of the soil samples based on expansivity using
classifications reported by (A) Williams et al. [47] and (B) Seed et al. [42]

High (LL > 60 and PI > 35)

5.4 Relationship between the dispersivity and
expansivity of the soil samples
As it was mentioned in Section 1, one of the aims of this
study is assessment of relationships between dispersivity and expansivity indices. Hence, in order to investigate
the relationship between the measured dispersivity indices (SAR and dispersivity percentage) and the measured
swelling indices (MFSI, activity number and plastic index),
statistical regression models were used. Fig. 10 illustrates
correlations among the dispersivity and the expansivity
indices. While most of the correlations show severely scattered results, it was observed that SAR and MFSI are meaningfully correlated together. The coefficient of determination (R2) is 0.91 for the SAR vs. MFSI relation, whereas
that is 0.34 for the DP vs. MFSI relation. This suggests that
swelling might be controlled more predominantly by content of Na, Ca and Mg cations which are considered in SAR
parameter. Although, SAR is slightly correlated to PI and
A with determination coefficients of 0.5 and 0.62 respectively. In spite of extend application of DP in description
of dispersivity, this index is not meaningfully correlated

Fig. 8 The comparison of the swelling estimation of the indirect methods and the direct method in Borehole A
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Fig. 9 Comparison of the swelling estimation of the indirect methods and the direct method in Borehole B

Fig. 10 Statistical Results of the relationships among indices of dispersivity and expancivity
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with the swelling indices (Fig. 10). To justify this subject, it
can be say that DP is a physical parameter which is defined
based on a physical test (the double hydrometer test) without considering chemical properties that are important in
occurrence of swelling.
6 Conclusions
In this study, representative soil samples of two boreholes drilled in the southeast of Yazd-Ardakan plain, were
examined to identify their dispersivity and expansivity.
For this purpose, mineralogical and soil chemistry experiments were carried out to determine the soil composition.
Also, the physical properties of the samples were studied.
The results showed that the soil samples were classified in
the categories of CL to CH based on the unified soil classification system (USCS). According to the XRD results,
quartz, calcite, dolomite and clay minerals are the major
constituents of the soil samples and plagioclase (albite) is
the minor constituents. Moreover, calculation of percentages of clay minerals revealed that the main clay mineral
is illite and the other clay minerals are kaolinite, chlorite
and smectite. The results of the XRF test showed that, the
percentage of Na2O for the borehole A is less than that for
borehole B, but the percentage of CaO is slightly higher.
Therefore, it can be expected that the dispersivity potential in borehole A is less than borehole B.
The dispersivity degree of the soil samples were investigated using the chemical parameters, pinhole test and double hydrometer test. According to percentage of sodium
(PS) criterion and Sherard's classification, which are
defined based on chemical parameters, the soil samples
were classified in moderately dispersive to dispersive categories. While pinhole and double hydrometer tests present

lower degree of dispersivity for the samples (moderately
dispersive to nondispersive) than the chemical parameters. Regardless of which of the indices is more success
in description of real dispersivity degree, important point
about the dispersivity of the soil samples is that in both
the boreholes degree of dispersivity decrease with increasing depth. Also, the swelling potential of the soil samples
were estimated using direct method (modified free swell
index, MFSI) and indirect criteria (Chen, modified Van der
Merwe [46], Williams [47], Seed et al. [42], and AASHTO
[48]). The results showed that the soil samples have ignorable to moderate expansivity according to MFSI classification. Different dispersivity degrees predicted on the same
samples based on the indirect criteria. Assessing the swelling degree descriptions, defined by the indirect criteria and
MFSI values, revealed that AASHTO has the closest estimation to MFSI among the indirect criteria. Considering
the different results obtained based on the different methods in describing dispersivity, it is suggested to perform a
significant number of experiments and evaluate the results
together to get more reliable dispersivity description.
Totally it could be concluded that with increasing depth the
percentage of fine grain in the soil samples decreases and
consequently both dispersivity and expansivity are reduced
in the boreholes. In another part of this study, based on the
obtained results and statistical methods, the relationship
between dispersivity and the expansivity was examined.
SAR and DP were correlated with MFSI, A and PI. Except
correlation between SAR and MFSI which was reliable
with R2 = 0.91, the rest correlations were weak and unreliable. Therefore, the assessments showed that SAR can be
used as a reasonable index of soil swelling in addition to
application in dispersivity description.
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