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ABSTRACT
Black cotton soil covers more than twenty percentage geographical area of India. It is spread over Madhya
Pradesh, Maharashtra, Andhra Pradesh, Gujarat, Tamil Nadu, Karnataka and some other parts of India as
well. Expansive soils containing high clay content are susceptible to unfavorable volumetric changes.
Volume change occurs with change in the moisture content of soil. Black cotton soil shrink and swell with
decrease and increase in water content respectively. This behaviour is attributed to the presence of a clay
mineral called as montmorillonite. Light weight and small structures are more susceptible to damages due
to relatively small overburden pressure. Uneven contraction and swelling leads to reduction in the
serviceability, emergence of hairline cracks and sometimes even severe cracks which lead to collapse of
the structure. Black cotton soil has proved itself as a source of damage to the property and economical loss.
Appropriate remedial measures are to be considered before construction in the areas having black cotton
soil. There are many solutions available to improve the workability and minimize the swelling and
expansion characteristic of black cotton soil reduce or avoid the losses due to soil hazardous behaviour of
soil such as, to remove the black cotton soil up to a particular depth, keep the water table constant well
below foundation level, reinforce the soil, use the under reamed foundation or alter the properties with some
additives. Word is producing a huge quantity of slag annually and it creating a lot of waste management
problem. This article presents the outcomes of laboratory test performed on microfine slag added expansive
soil. Soil characteristics are altered by mixing different amounts of slag, i.e., 3, 6 and 9 % in expansive soil.
The change in the soil is evaluated by estimating the change in the soil properties, namely, unconfined
compressive strength, Atterberg limit, and free swell. Mixing of microfine slag decreased the plasticity
index and free swelling of soil. Microfine slag significantly increased the unconfined compressive strength
and plasticity index of soil up to 6-7%, but further more addition of slag content leads to decrease in the
CBR and UCS of microfine added black cotton soil. Shrinkage limit is increasing continuously with
increase in the slag content. Swell potential is reduced from medium to low. The optimum quantity of
microfine slag is approximately 6 to 7% by weight of soil.
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Fig. 1 Effect of potassium chloride of characteristic of black cotton soil (a) on shrinkage limit (b) on UCS
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ABSTRACT: Expansive soils containing high clay content are susceptible to detrimental volumetric changes.
Volume change occurs with change in the moisture content of soil. This behaviour is attributed to the presence of a
clay mineral called as montmorillonite. This article presents the outcomes of laboratory test performed on microfine
slag added expansive soil. Soil characteristics are altered by mixing different amounts of slag, i.e., 3, 6 and 9 % in
the expansive soil. The change in the soil is evaluated by estimating the change in the soil properties, namely,
unconfined compressive strength, Atterberg limit, and free swell. Mixing of microfine slag decreased the plasticity
index and liquid limit. Microfine slag significantly increased the unconfined compressive strength and plasticity limit
of soil up to 6-7%, but further more addition of slag content leads to decrease in the UCS of microfine mixed soil.
Shrinkage limit is increased continuously with increase in the slag content. Swell potential is reduced from medium
to low. The optimum quantity of microfine slag is approximately 6 to 7% by weight of soil.

INTRODUCTION
Soils susceptible to expansion in volume are known
as expansive soils. Such soils usually have high clay
content. Such soils are called expansive soils and are
usually found in larger parts of India. It’s called as
black cotton soil due to its black colour which is a
result of high iron and magnesium minerals derived
from basalt [1]. Black cotton soil has shown quite
significant volumetric change upon absorption of
moisture which causes problems to geotechnical
engineers during construction. Primary problem
associated with such soils is that deformations
associated are more significant than elastic
deformations. Montmorillonite clay mineral is the
main reason behind such destructive swelling in
expansive soils [2].
The damage caused by expansive soils to roads,
canals, buildings and life line is of the order of 2255
million dollars per annum as estimated by [3]. It was
reported that this loss exceeds the loss caused by
combined effects of floods, earthquakes and
hurricanes. A sub grade made of expansive soils is
problematic due to its tendency undergo shrinkage
and swelling. It is very hard when dry but loses its
stability when wet. On drying such soils develop

cracks of up to 15 cm dry and 3 meters depth.
Therefore some points must be taken consideration
such as shrinkage and swelling characteristics,
liquid and plastic limit, changes in strength with
change in moisture content.
The clay minerals are basically hydrated aluminium
silicates in a crystalline form. The behavior of the
clay particles is strongly influenced by the electrical
forces acting on the particle surface rather than the
gravitational forces. These electrical forces are in
turn influenced by the type and concentration of ions
present in the pore water. Therefore, some clay
minerals experience appreciable swell and shrink
upon exposure to wetting and drying respectively.
The natural tendency for a water-ion system is for
the ions to be fully diffused with time. The balance
of electrical attraction and ions diffusion leads to a
diffuse layer of cations surrounding the particle.
This layer is termed as double layer. The double
layer thickness, as defined by [4], is the distance
from the surface required to neutralize the net
charge on the particle i.e., the distance over which
there is an electrical potential. Therefore, the
thickness of the double layer is significantly
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influenced by the concentration of the cations and is
decreased by an increase of this concentration. The
cation exchange capacity defined as the ability of a
clay mineral to exchange the cations with other
cations plays an important role in the process of clay
expansion due to wetting [5]. The exchangeable ions
are held around the outside of the silica alumina clay
mineral structural units. The exchange reaction
results in a reduction of thickness of the double layer
around the soil particle, which change the properties
of the mass of particles. In clay minerals, the most
common exchangeable cations are Ca++, Mg++,
H+, K+, NH4+ and Na+, frequently in about that
order of general relative abundance [2]. The
montmorillonite is about 10 times as active in
absorbing cations as kaolinite. This is caused by the
large net negative charge carried by the
montmorillonite particle and its greater specific
surface as compared with kaolinite and illite [2].
In real practice, plasticity index is frequently
considered as an indicator of the swelling potential
and it significantly affected by the strength and
characteristic of adsorbed cations [6]. Reference [7]
found that diffusion of water can be a main cause of
swelling. The inter-layer solution in a clay mineral
has a higher concentration of dissolved electrolyte
than the external solution leading water to drawn in
and reducing the ion concentration Based on the
above review, it may be concluded that there are two
phases of swell, the first is an expansion in the
particle itself and the second is an increase in the
volume of voids. In nature soil continuously
undergoes wetting and drying due to seasonal
fluctuation of the environmental conditions [8].
Consequently cycles of swell and shrink would take
place. Most researchers have dealt with the first full
cycle of swell. However, many others performed
wetting-drying tests. The main findings obtained
from such cyclic tests were concentrated on the
shape of the relation between sample height and the
number of wetting or drying cycle. It was generally
agreed that the sample can never shrink down to its
original height and also a stable swell-shrink band
will be attained after a certain number of cycles [68].

TREATMENT OF EXPANSIVE SOILS
Reference [8] estimated the annual cost of damage
from expansive soil in the United States to be 9$
billion. Expansive soils are spread in the middle and
north of Iraq causing damages to structures.
Actually, the problem is worldwide as expansive
clay is spread in many regions like Africa, Australia,
India, South America and Sudan. Methods of
treatment involve pre-wetting, maintaining constant
water content, compaction control, soil replacement
and electro–osmotic stabilization [9]. Reference
[10] reported the success of using high strength
geogrids to resist the swell. Thermal stabilization
can be used to stabilize the black cotton soil [11-12].
Chemical stabilization using materials like lime,
cement and chlorides is one of the available options
for geotechnical engineers.
A good number of work are published on chemical
added black cotton soil and it was found that
chemicals are useful in stabilization of black cotton
soil [13-17]. However, low solubility of chemicals
pose problems on soil stabilization [18].
Furnace slags obtained from steel and iron
manufacturing industries have cementations
reactivity and various studies have used slag as
additive to change the soil characteristics. Using
slag as a soil stabilizing material minimize the
problem of waste management. [19] used limeGGBS and found that it increased the strength of
soil. [20] found that plastic limit and liquid limit
were reduced, while, strength was improved GGBS
mixing amount up to 10%. The angle of internal
friction was reduced with increase in the GGBS
content. Addition of finer GGBS can decrease the
corrosion and time to attain peak strength [21]. [22]
observed that GGBS has reduced the swelling of
lime stabilized kaolinite which is exposed to water.
Strength was increased by a great amount but
density was increased by a small amount. [23]
conducted tests on site and found that diversion road
which was treated with lime activated GGBS
worked adequately over a year whereas untreated
road was worked only for few months only. [24]
stabilized subgrade of flexible pavements by
various industrial wastes such as GGBS, lime, RHA
and FA. It was stated that maximum improvement
in the soil properties occurred with adding of FA up
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to 20%, RHA and GGBS up to 15%, and lime up to
5%. Effectiveness of additive depends more on the
amount of GGBS as compared curing period [25].
Initial tangent modulus improved with increase in
GGBS quantity. Significant improvement in the
Plasticity index, swelling pressure and OMC of soil
decreased with addition of granulated blast furnace
slag (GBFS). UCS and CBR were increased up to
9% GBFS and mixing more GBFS decreased the
UCS, CBR and MDD value [26].

Table 2. Physical properties of microfine slag
Physical properties
Amount
Bulk Density (kg/m3)
700-900
Particle mean diameter (µm) 1.5
D90 (µm)
9.0
D50 (µm)
5
Fineness (cm2/gm)
12000
Plasticity
Non plastic

Most of earlier studies determined the effect of slag
on concrete roads, and a few studies studied the
effect of GGBS on expansive soil. This this study
micro fine slag is used to modify the properties of
expansive soil. The enhancement in the soil
characteristic was assessed by determining the
change in the soil properties, California bearing
ratio, Atterberg limit, free swelling, unconfined
compressive strength and compaction parameters

Table 3. Chemical constituents
Chemical constituent
Al2O3
Fe2O3
SO3
CaO
SiO2
MgO

MATERIAL USED IN LABORATORY TEST
The soil is collected from Guna, M.P., India. Soil
properties are presented in Table 1. Swelling
potential of soil can be evaluated based on soil
plasticity index and based on their classification
[27-29], this soil has medium or intermediate
swelling potential.

METHOD
Index properties; Atterberg limit , in -situ moisture
content, grain size distribution curve and maximum
dry density of all soil samples were determined in
laboratory as per the Indian standard codes. Amount
of slag was varied from 3 to 15 % of weight of soil.
The standard proctor tests were conducted as per on
Indian standard [30]. Water was added with
microfine slag mixed soil as required to enable
smooth mixing and compaction process. Samples
for unconfined compressive strength test were
prepared using a mould of 38 mm diameter and 76
mm length. Sample were prepared for optimum
moisture content.

Table 1 Properties of soil used in study
Soil Properties
Value
Sand
26-30%
Silt +clay
70-74%
Specific gravity
2.67
Density
16.47kN/m3
Shrinkage limit
12.2%
Plastic limit
43.50%
Liquid limit
66.70%
Plasticity index
23.20%
ALCCOFINE 1203, a fine cementitious material
was used as additives. It is bought from Counto
Microfine Product Private limited, Goa, India.
Physical properties and chemical constituents are
shown in table 2.

Amount (%)
5.2
4.25
2.25
62.5
22
1.2

Casagrande percussion method and thread rolling
method were used to determine the plastic limit and
liquid limit of microfine slag. Free swelling was
determined using consolidation test. UCS and
Atterberg limits were determined respectively, as
per Indian standard codes namely [31-32]. All tests
were conducted first on virgin soil and repeated for
different amount of microfine slag. Swell potential
of expansive soil can be evaluated based on
Atterberg limit of soil. Swell potential of soil was
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Plastic limit increased with increase in the slag
content up to 6%, additional mixing of slag in the
black cotton soil causes the decrease in plastic limit.
Variation in the plastic limit with microfine slag
content is shown in Fig 1b.
The shrinkage limit is a very valuable parameters
for the soil which undergo large volume changes
with change in moisture content. Shrinkage limit is
increasing with increase in the quantity of added
potassium chloride. Increase in the shrinkage limit
after addition of indicates that volume of soil mass
cannot reduces for a water content equal to or less
than 15.8%.
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EXPERIMENTAL RESULTS
Atterberg Limits
Tests were conducted on black cotton soil with and
without addition of microfine slag. Slag contents
were varied from 0% to 9%. The effect of microfine
on liquid limit is shown in Fig 1a. It is observed
from test result that addition of microfine slag has
decreased the liquid limit of soil by a considerable
magnitude. Effect of microfine slag is more
prominent at 6% means that effectiveness of
potassium chloride is decreasing with increase in the
content of additives.
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Fig. 1 Effect of microfine slag on Atterberg limit;
(a) on liquid limit, (b) plastic limit, (c) shrinkage
limit
Shearing resistance can increase with increase in the
concentration of electrolyte and it causes the
reduction in the thickness of the double layer, which
further leads to increase in the shearing resistance
between soil particles [37-39]. Increase in the
shearing resistance between particles had caused the
decrease in the plasticity index and liquid limit. But
after a certain amount of slag (6-7%) there are
increase in the plasticity index and liquid limit
which shows that cation exchange capacity is
reducing with addition of excessive slag. Change in
plasticity index with the addition of fine slag is
shown in Fig 2.
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Fig. 2 Change in the plasticity index with microfine
slag content
Unconfined compressive strength
Fig 3 shows that unconfined compressive strength
of black cotton soil increase with increase in the
microfine slag, but it started reducing when amount
of added microfine is more than 6%. Change in the
UCS for three days curing is shown in figure.
Unoppressive strength of soil is increased by 2.5 for
6% of microfine slag.
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Fig. 4 Change in the free swell with slag content
CONCLUSIONS
Effects of micro fine slag is depends upon the
quantity of micro-fine slag mixed with the black
cotton soil. Free swell of soil is reduced to half of
the virgin soil due to incorporation of micro fine
slag. Addition of micro fine slag changed the swell
potential from medium to low. Liquid limit and
plasticity index contents decreased with mixing of
microfine slag. Shrinkage limit is increasing
continuously with increase in the slag content.
Plastic limit and unconfined compressive strength
of soil are increasing up to 6-7% of soil weight and
adding more slag causes the reduction in the
plasticity and UCS of micro fine slag added soil.
Unconfined compressive strength of soil is
increased 2.5 time of initial UCS. The optimum
amount of microfine slag is approximately 6 to 7%
by weight of soil.
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Fig.3 Change in the UCS of soil with slag content
Swelling Characteristics
Fig 4 shows that free swell is reducing continuously
with increase in the amount of microfine slag. As
per [27], the degree of expansion of soil used in
present study is medium and addition of micro fine
slag changed the swell potential from medium to
low.
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