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1 Introduction

It is forced to utilize the available land irrespective of its type due to the rapid growth
of cities since a decade. Expansive soils are one among them, which pose a severe
threat to the infrastructure constructed over it with their swell/shrink behaviour during
changes of seasons. In India, approximately 20% of the available land is covered with
expansive soils. It reflects that most of the constructible areas may encounter this
kind of soil, especially near water bodies. Expansive soils comprise clay content as
a major portion. It comprises different minerals, among which montmorillonite is
the prime triggering factor behind the plasticity and swelling behaviour. Free swell
index (FSI) is an easy method to identify the swelling behaviour of expansive soils
[1]. Employing it, Sivapullaiah et al. [2] introduced a modified free swell index
for determining swelling behaviour. Further, Prakash and Sridharan [3] investigated
the swelling behaviour of expansive soils using FSI. On the other hand, Holtz and
Kovacs [4], Mitchell [5], and Skempton [6] predicted swelling behaviour indirectly
from plasticity and other parameters of clay soils. Studies also reported that the
consolidation apparatus can be employed for the estimation of swell potential in
expansive soils [7-10]. However, it is a time-consuming process and not possible to
judge the dominant mineral behind the swelling behaviour.
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It is evident from the literature that understanding the clay minerals is essential to
evaluate the swelling behaviour of expansive soils. In this context, Mitchell and Soga
[11] also stated that mineral type plays a vital role in the swelling behaviour and it
can be determined by subjecting the soil sample to X-ray diffraction (XRD) analysis.
Tahasildar et al. [12] measured the MMC and swelling behaviour from consolidation
and reported a linear relationship between these two parameters. In a similar line,
Reddy et al. [13] experimented with several expansive soils and measured MMC in
clay content and swelling potential from FSI. The results revealed a linear relationship
between these parameters. Most of the studies available in the past literature are
confined to the establishment of a relationship randomly between MMC (i.e. in clay
content/whole soil) and swelling potential (i.e. from FSI/Consolidation). But, very
minimal attempts were made to study MMC of expansive soil and swelling behaviour
from FSI, in relation to the plastic behaviour. In order to address the same, the current
study intends to study the influence of montmorillonite content alone on the swelling
behaviour from FSI in relation to the plasticity of expansive soils. In order to avoid
problems due to volume change behaviour, it is essential to investigate the mineral
behind it. It will give an idea for the selection of materials to arrest or reduce the
heaving of soil under different environmental conditions.

2 Materials and Methods

Expansive soils of approximately 36 numbers have been collected from different
locations across India (Bhopal, Guntur, Kendrapara, Warangal, Vijayawada, Kaki-
nada, Mysore, Raipur, and Nagpur), which is at a depth of 1 m from the ground level
by following the guidelines of ASTM A1452 [14]. The soil samples and their corre-
sponding designations used in the study are listed in Table 1. The topsoil has been
discarded to avoid foreign materials in the test samples. Soil samples were dried,
pulverized, and downsized to the specific requirement of different tests adopted.
Further, the physical properties of all the soil samples were determined, and their
corresponding values can be found in Rao et al. [7]. The swelling behaviour of the
soil samples was determined by employing the free swell index (FSI) in line with the
guidelines of IS 2720 (Part-40) [1], and the values can be found in the work carried
by Reddy et al. [7]. The mineralogical contents of expansive soils were determined
by subjecting the dry powdered samples to X-ray diffraction followed by quantifi-
cation of minerals using the software TOPAS 4.2. The detailed procedure related to
the quantification and their corresponding values can be found in Rao et al. [9].
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Table 1 Region and designations of soil samples used in the current study

Region Sample ID Region Sample ID Region Sample ID

Bhopal Bl Vijayawada Vi1 Nagpur N1
B2 V5 N2
B3 Vo6 N3
B4 V7 N4

Guntur Gl Kendrapa KP1 N5
G2 KP2 N6
G4 KP3 N7
Go6 KP4 N8
G7 KP5 Raipur R1

Kakinada K1 KP6 R2
K2 ‘Warangal W1 R3
K3 w2

Mysore M1 w3

3 Results and Discussion

From the obtained test results, a plasticity chart indicating the relationship between
liquid limit (LL) and plasticity index (PI) to classify the expansive soils used in the
current study as depicted in Fig. 1. From the figure, it can be observed that almost
all the soils possess an LL value of > 50% except very few. It indicates that most of
the soils possess high compressibility, which is an indirect indication of the presence
of swelling minerals, i.e. MMC. Certifying it, many researchers attributed higher
plasticity values to the presence of MMC only [4, 9, 12, 13, 15].

Although researchers employed consistency limits as indirect indicators and
prediction of swelling behaviour, direct determination offers better accuracy as they
are of two different techniques. FSI is an easy and direct technique, which is used
to measure the swelling behaviour of expansive soils. The typical photograph of FSI
during the test can be seen in Fig. 2. In this context, a relationship is established
between MMC and FSI in relation to the plasticity behaviour and depicted in Figs. 3
and 4. From Fig. 3, it can be observed that the swelling increased linearly with MMC
up to 85%, irrespective of soil location for CH. The maximum FSI value of 105% is
observed with an MMC of 54.58%. In a similar line, Reddy et al. [13] also reported an
increment in FSI with the increment of montmorillonite content in clay content. This
is due to the fact that the availability of MMC enhances the thickness of the diffuse
double layer, in turn, which reflects as swelling. In addition, the pertinent data are
collected from the literature and superimposed over the present study. Interestingly,
the plotted relationship is in good agreement with the past literature data revealing its
authenticity. Supporting this, observations made in the current study are in line with
Tahasildar et al. [12] who investigated the influence of MMC on swelling behaviour.
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Fig. 1 Plasticity chart classifying the expansive soils used in the study

Fig. 2 Free swell index of different soil samples

In the case of Fig. 4, i.e. CL soils, mimicking the behaviour of CH, the trend
increased linearly with MMC. The maximum FSI value of 84% is observed with
an MMC of 56.34%. However, significant scatter can be observed. It is due to the
marginal variation of MMC with respect to other soil samples. It conveys a fact that
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Fig. 3 Variation of FSI with MMC of CH soils
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Fig. 4 Variation of FSI with MMC of CL soils used in the study
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may not remain the same with the locations of soil samples, and so does the variation,
which indicates its priority. Interestingly in both Figs. 3 and 4, two different swelling
values can be observed with similar MMC. This is due to the fact that soil does
comprise another mineral either may be alone or in a mixed form that can have a
significant impact on the swelling behaviour. In this context, Tahasildar et al. [12]
and Mehta and Sachan [16] reported that montmorillonite-based mixed minerals
can influence the swelling behaviour of expansive soils. The close observation of
corresponding MMC of maximum FSI values, later one is greater, but less swelling
of 84% only. This is attributed to the presence and influence of the non-swelling
mineral kaolinite. It is in confirmation with the studies of Sridharan et al. [17] who
reported negative swelling with the presence of kaolinite mineral.

Overall, it can be inferred from the above that the MMC may not remain the same
location and have a direct impact on the swelling behaviour of expansive soils. In
order to have a safe construction over expansive soils, consideration of mineralogy
in addition to swelling behaviour offers better accuracy.

4 Future Scope and Limitations

It is evident from the current study and past literature that the swelling behaviour of
expansive soils is controlled by the constituent minerals. Interestingly, two different
values of FSI can be observed with the same MMC, which indicates that there is an
interference of other minerals, i.e. mixed minerals. Along with individual minerals,
soils do comprise montmorillonite-based mixed minerals that can have a significant
impact on the swelling behaviour. Identification of these mixed minerals can offer
better accuracy in swelling determination. However, their determination is a little
tedious task due to the availability of the necessary facilities.

5 Conclusions

In the current study, the influence of MMC on swelling behaviour measured from
FSI in relation to the plasticity of expansive soils is evaluated. For achieving the
same, expansive soils are collected from different parts of India and are subjected
to extensive experimental investigation. From the results obtained, the following
conclusions are derived.

(1) The expansive soils used in the current study are falling in the category of CH
and CL, which comprise MMC in the range of 0-79%. The MMC contents
varied with the location, and so does the swelling behaviour.
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The maximum FSI value of 105 and 84% is obtained for MMC of 54.58 and
56.34% for CH and CL soils, respectively. The general trend revealed that the
FSI increased linearly with an MMC of up to 85% in the case of CH. Similar
trends have been followed in the case of CL also but with significant scatter.
Although with similar MMC, two different FSI values are measured both in
CH and CL soils, which is due to the presence of montmorillonite-based mixed
minerals.

References

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

. IS: 2720-Part XL (1977) Indian standard methods of test for soils: determination of free swell

index of soils. Bureau of Indian Standards, New Delhi

. Sivapullaiah, P. V., Sitharam, T. G., Rao, K. S.: Modified free swell index for clays. Geotechnical

Testing Journal 10(2) (1987).

. Prakash K, Sridharan A (2004) Free swell ratio and clay mineralogy of fine-grained soils.

Geotech Test J 27(2):220-225

. Holtz RD, Kovacs WD (1981) An introduction to geotechnical engineering. Prentice-Hall,

Englewood Clifs

. Mitchell JK (1976) Fundamentals of soil behavior. Wiley, New York
. Skempton AW (1953) The colloidal activity of clays. In: Proceedings of the third international

conference on soil mechanics and foundation engineering, vol 1, Zurich, pp 57-67

. Reddy PS, Mohanty B, Rao BH (2021) Investigations for chemical parameters effect on

swelling characteristics of expansive soils. KSCE J Civ Eng 25:4088-4105

. Reddy PS, Mohanty B, Rao BH (2021) Influence of Na and Ca contents on swelling behavior

of Indian expansive soils. Arab J Geosci 14:2675

. Rao BH, Reddy PS, Mohanty B, Reddy KR (2021) Combined effect of mineralogical and

chemical parameters on swelling behaviour of expansive soils. Sci Rep 11:16562

Reddy PS, Yang YL, Mohanty B, Rao BH (2022) Assessment of testing method influence on
swelling characteristics of expansive soils of India. Arab J Geosci 15:1132

Mitchell JK, Soga K (2005) Fundamentals of soil behavior, 3rd edn. Wiley, New York
Tahasildar J, Rao BH, Shukla SK (2017) Mineralogical compositions of some Indian expansive
soils and their influence on swelling properties. Int J Geosynth Ground Eng 3:1-10

Reddy PS, Mohanty B, Rao BH (2020) Influence of clay content and montmorillonite content
on swelling behavior of expansive soils. Int J Geosynth Ground Eng 6:1-12

ASTM D1452/D1452M-16 (2016) Standard practice for soil exploration and sampling by auger
borings. ASTM International, West Conshohocken

Sridharan A, Rao SM, Murthy NS (1986) Liquid limit of montmorillonite soils. Geotech Test
J19(3)

Mehta B, Sachan A (2017) Effect of mineralogical properties of expansive soil on its mechanical
behavior. Geotech Geol Eng 35:2923-2934

Sridharan A, Rao SM, Murthy NS (1988) Liquid limit of kaolinite soils. Geotechnique
38(2):191-198

Shi B, Jiang H, Liu Z, Fang HY (2002) Engineering geological characteristics of expansive
soils in China. Eng Geol 67:63-71

Pandya S, Sachan A (2018) Matric suction, swelling and collapsible characteristics of
unsaturated expansive soils. J Geotech Transport Eng 4(1):1-9

SunD, Sun W, Fang L (2014) Swelling characteristics of Gaomiaozi bentonite and its prediction.
J Rock Mech Geotech Eng 6:113-118



134 P. S. Reddy et al.

21. Ali R, Khan H, Shah AA (2014) Expansive soil stabilization using marble dust and bagasse
ash. J Sci Res 3(6):2812-2816



	 Evaluating the Influence of Montmorillonite Content on Swelling Behaviour in Relation to Its Plasticity
	1 Introduction
	2 Materials and Methods
	3 Results and Discussion
	4 Future Scope and Limitations
	5 Conclusions
	References


