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Abstract

This study was conducted to have a detailed analysis of the geotechnical properties of expansive soil
and fly ash from Sipat thermal power plant. It reported the findings of laboratory studies on certain
common physical and geotechnical properties. The chemical properties and morphology of the black
cotton soil (BCS) and fly ash is also determined using scanning electron microscopy and X-ray diffraction
test. The geotechnical test includes determining specific gravity, particle size distribution, moisture
content, standard proctor test, free swell index, and Atterberg’s limit. The different compositions of
expansive soil with fly ash, yellow soil, moorum, and sand are studied. BCS was evaluated with fly ash,
fly ash and sand, BCS with yellow soil, and moorum and fly ash. The study also analyzed the details and
results of different tests conducted on soil samples. The results showed that strength and fly ash are
inversely proportional; as fly ash increases, strength decreases, and vice versa. Fly ash was added from 20
to 80 % by replacing expansive soil by weight. The results indicated that expansive soil can be stabilized
by the addition of fly ash to a limit of 10 to 20 %.
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Introduction

Expansive soil

Expansive soils are identified by significant volume changes with changes in moisture content,
causing major structural failure and collapse, especially for light structures and pavements constructed on
them. Different forms of soils are used in structural engineering structures; however, certain soil
formations in their normal states are ideal for building purposes, and others, such as problematic soils, are
unsuitable without treatment. Expansive soil is also known as problematic soil [1]. Typically, they are
distinguished by a high plasticity, swelling potential and shrinkage potential, and low permeability and
strength in wet areas. Due to the above properties, they are volumetrically unstable [2]. For improvement
purposes, expansive soil is replaced, or the properties are changed by adding additional material to the
soil [3]. As the moisture content increases, volumetric changes happen to expansive soil; this can be
minimized by adding lime, fly ash, bitumen, cement, and other chemicals [4,5]. Expansive soil is
considered one of the worst soils for civil construction, as engineers have to pay extra attention during the
construction of structures using it. Black cotton soil is composed of fine-grained soil or decomposed
rocks that show huge volume changes when subjected to variability in moisture content. Expansive soil
shows swell-shrink behavior near the ground surface due to the land covered by expansive soil [6,7].
These soils occupy approximately 8.9x10 km” in India; approximately one-fifth of their surface area
covers the states of Maharashtra, Gujarat, Uttar Pradesh, Madhya Pradesh, Rajasthan, Andhra Pradesh,
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and Tamil Nadu [8,9]. Black cotton soil is composed of fine-grained soil or decomposed rocks that show
huge volume change when subjected to variability in moisture content; expansive soil shows swell shrink
behaviour near the ground surface due to direct contact with variation in seasons and environment
[10,11]. Under drying or warm settings, soil moisture content reduces, and overall volume shrinks. The
subsequent incremental development of desiccation cracks creates detrimental consequences on
expansive soil's mechanical and hydraulic behaviors [12]. Expansive soil consists of hydrophilic minerals,
such as Illite and montmorillonite, and is a generally troublesome expansive soil conceived in natural
geological processes. Expansive soil is distinguished by shrinkage and expansion[13]. In India, 20 % of
the land is covered by expansive soil [6].

Fly ash

The material, which is the byproduct of the thermal power station and coal industries, was collected
from fly ash gases. This is composed of very fine silt particles which are dumped into landfills. The
production of fly ash is very high as compared to its consumption in India [14]. Fly ash is a good water
absorbent; it can be used to increase the strength of the soil. Fly ash contains macro and micro nutrients
that can support agriculture growth; 40 % of fly ash is suitable for agriculture use [15]. Due to
urbanization, the demand for power supply increases, resulting in increasing numbers of power plants,
which after combustion of coal generates fly ash as a residue [16]. The disposal of ash with safety
towards the environment is also important. The utilization of fly ash alternative should be determined.
The bulk use of fly ash can be done in geotechnical fields for embankments, retaining walls, soil
replacement, etc. [17,18]. Fly ash is now used for making bricks, and it is added in different proportions
to soil to improve its strength. This results in a fast hydration mechanism and a concurrent cation
exchange, as lime and fly ash are added into a soil that flocculates the soil into larger lumps [2]. Murmu
et al. studied the use of fly ash for the stabilization of expansive soil [19].

The objective of the research is to determine the effect of fly ash content on expansive soil. The
standard proctor test is used, and specific gravity is determined. The maximum dry density and optimum
moisture content of the different proportions of soil were analyzed. This analysis helps in selecting good
soil-ash composition for field work. The results obtained from this research showed how expansive soil
behaves after adding fly ash. XRD and SEM analysis were carried out to determine the chemicals present
in the samples and their sizes. Particle size distribution analysis was performed to determine the sizes of
particles present in the samples [20]. Nalbantoglu studied particle size increases with increase in curing
time [21].

Materials and methods

In this study, black cotton soil (BCS), yellow soil, and moorum were used for testing purposes, and
fly ash (FA) was collected from the Sipat National Thermal Power Plant of Chhattisgarh. Different
proportions of BCS, yellow soil, and moorum were taken and mixed with fly ash to determine the
standard proctor test result, specific gravity, and particle size distribution. To stabilize BCS economically,
only 10 to 15 % of class F fly ash was required [22,23]. The different samples were tested to determine
index properties. Similarly, X-ray diffraction analysis (XRD) and scanning electron microscopy (SEM) of
BCS and fly ash was done to determine the mineral composition and particle study, as shown in Figure 1.
The different samples were then collected in different proportions to determine stable compositions. The
soil collected was dried and crushed into the appropriate sizes and checked according to 1S:2720 for its
physical characteristics, such as gradation, compaction, and strength.
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Figure 1 Figure 1(a, b) shows the XRD for BCS and fly ash, and (c, d) shows the SEM of BCS and fly
ash, respectively.

Both BCS and FA chemical compositions were calculated using the X-ray diffraction analysis
(XRD) method. The BCS and FA findings of the XRD study are presented in Table 1. Table 1 reveals
that AI203, SiO2, and Fe203 are the main phases present in the BCS and FA. In addition, based on
ASTM C618 (2010) classification, the FA is categorized as class F fly ash, as the amount of AI203
(22.85 %), Si02 (59.92 %) and Fe203 (5.65 %) is greater than 70 %. The soil index characteristics are
calculated in accordance with IS 2710-part V (1985) and are shown in Table 2.

Table 1 Chemical composition of BCS and fly ash.

Composition (%) Black cotton soil (BCS) Fly ash
Si0O, 52.12 59.92
ALO; 14.29 22.85
Fe,0; 9.89 5.65
MgO 3.76 0.76
CaO 3.15 0.89
K0 0.89 1.32
Na,O 0.67 0.11
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Table 2 Geotechnical properties of soil.

Properties Expansive soil  Yellow soil Moorum Fly Ash

Color Brownish black  yellowish ~ Brownish red Grey

Specific gravity 291 3.52 2.54 1.79
Free swell index (FSI) (%) 65 10.4 8.7 -
Liquid limit (LL) (%) 57 41.58 43 -
Plastic limit (PL) (%) 29 22.23 21.40 -
Plasticity index (PI) (%) 28 19.35 21.6 -
Soil classification (as per IS: 1498-1970) CH CL - -
Optimum moisture content (OMC) (%) 2291 19.23 12 -
Maximum dry density (MDD) (%) 1.60 1.74 2.16 -
Maximum dry unit weight (kN/m?) 17.94 15.53 16.67 -

Methods

To determine the different properties of soil, the IS code was referred to, and with accordance to the
code book, the different tests are performed. The standard proctor test was performed following IS: 2720
(Part 7) - 1980, liquid and plastic limit test - IS 2720 (Part 5) - 1985, free swell index test - IS 2720 (Part
40) - 1977, specific gravity - IS 2720 (Part 3/Sec 1) - 1980, MDD and OMC - IS 2720 (Part 7) - 1980,
water content-IS 2720 (Part 2) - 1973.

The samples for different tests were collected from different locations, and were preserved from
atmospheric moisture. The samples were used for different analyses to obtain the analytical values and
results in the Laboratory of the National institute of Technology, Raipur.

Results and discussion

Particle size distribution

For proper understanding of particle sizes in soil samples, particle size analysis should be
performed. From particle size distribution (PSD), particles of different sizes present in a soil mass can be
easily determined, and their distribution with accordance to size can also be found. The studies suggest
that soil particle size increases with curing time (2 m - 0.075 mm). The different sizes of particles are
plotted in Figure 2, and the data of analysis is given in Table 3. The particle sizes were finer than 10, 30,
and 60 % were determined as D10 = 0.30 mm, D30 = 0.40 mm, and D60 = 0.55 mm. The coefficient of
curvature Cc = 1.83 and the coefficient of uniformity Cu = 0.97.

Cu=D60/D10 = 0.55/0.30 =0.97 1)

CC =D302/D60D10 = (0.30)2/0.55%0.30 = 1.83 2)

As we know, when Cu is less than 4, it is classified as poorly graded or uniformly graded soil.
Uniformly graded soil has identical particles, with Cu value approximately equal to 1. Here, it is less than
1,ie.,=0.97.

For the soil to be well-graded, the value of Cc must range between 1 and 3. Here, it is between 1
and 3, 1.e.,=1.83.
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Table 3 Particle size distribution (PSD).

Particle diameter (mm) Percentage finer (%)

2.36 99.85
1.18 86.295
0.600 62.790
0.425 31.56
0.300 10.00
0.250 5.810
0.150 0.190
0.088 0.050
0.075 0.012
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Figure 2 Particle size distribution curve of BCS.

Standard proctor test

To determine the soil density and moisture content, the standard proctor was performed on different
compositions of soil. The first composition is of different percentages of fly ash with percentage of sand.
In Figure 3, we can see how the density changes; after addition of fly ash, the MDD obtained for the
same was 1.9 gm/cc and the value of OMC was 27 %. Detailed values are given in Table 4. From the
study, it is clear that, on increasing the percent of fly ash, MDD decreases with an increase in OMC.
Secondly, with values for BCS and fly ash composition in various percentages, the MDD decreases with
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an increase in moisture content. The value for MDD was 1.60 gm/cc, which decreases to 1.28 gm/cc, and
OMC remains mixed from 22.91 to 21.21 %. Values are shown in Table 5 and in Figure 4. The third
composition, which was tested, consists of different proportions of BCS, FA, YS, and M, given in Table
6. From the analysis of the above soil composition, it is confirmed that the value of MDD decreases from
1.65 to 1.58 gm/cc for BCS as we add fly ash, and OMC increases from 20.51 to 28.87 % with increase in
fly ash content, shown in Figure 5. The weight and volume of mold used is 1970 gms and 1005 cc,
respectively.

For sand and FA, 20 % FA and 80 % sand is suitable, as shown in the results; similarly, for BCS
and FA, 40 % FA and 60 BCS can be used as they give high MDD and low OMC.

Table 4 Standard proctor test results for fly ash and sand.

% of fly ash % of sand OMC MDD
0 100 6.67 1.60
20 80 9.30 1.88
40 60 6.67 1.81
60 40 10.81 1.55
80 20 26.47 1.26
2.0 30
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- 25
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5 £
D 16 L§>
)
o @)
= 15 i
1.4
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Figure 3 FA content in sand vs. MDD and OMC.
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Table 5 MDD and OMC for BCS and fly ash soil.

% of fly ash % of BCS OMC (%) MDD (gm/cc)
0 100 22.91 1.60
20 80 20 1.56
40 60 15.56 1.62
50 50 22.5 1.58
60 40 17.85 1.57
70 30 25.45 1.42
80 20 22.5 1.34
100 0 21.21 1.28
1.85 26
1.60
T - 24 g
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£ 150 | i 5
; 1.45 L 20 .E
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£ 140 4 =
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e Fly ash(%) vs MDD(gm/cc)
a=dom Fly Ash (%) vs OMC(%)

Figure 4 Fly ash content in BCS vs. MDD and OMC.

Table 6 OMC and MDD for different soil compositions.

% of BCS % of yellow % of moorum % of fly ash OMC (%) MDD (gm/cc)

50 10 10 30 20.51 1.65
40 10 10 40 27.02 1.58
30 10 10 50 28.87 1.58
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X-ray diffraction analysis (XRD) and scattering electron microstructure (SEM)

The chemical composition and minerology of fly ash and expansive soil was analyzed using XRD.
The minerals found in the analysis are Illite, Quartz, Montmorillonite, and Magnesium Oxide in excess,
shown in Table 1 and Figure 1. The basic mineral group found in this type of soil was studied by and
tabulated in Table 1. The dominant mineral present in fly ash was Quartz, Mullite, Sillimanite, and
Aluminum Phosphate. The scattering electron method was used to determine the particle sizes of fly ash
and expansive soil. 1 % sodium chloride by weight/volume was taken in aqueous solution for low calcium
content in fly ash, and 5 % of lithium chloride with methanol was used for fly ash with high calcium
content for the analysis. The sample was kept in a beaker and continuous stirring was done to avoid
accumulation.

Conclusions

The different tests performed on fly ash and expansive soil explains the behavior of soil for the
different compositions used for testing. Some important conclusions which the author has emphasized are
given below. Fly ash can decrease the maximum dry density of soil and increase the optimum moisture
content, as fly ash has a property of absorbing water, resulting in decreased strength. From the study, if
we consider 80 % FA and 20 % of BCS, then OMC would be 22.5 % and MDD would decrease to 1.34
gm/cc, as compared to other compositions. Expansive soil can only be stabilized using 10 to 20 % of fly
ash; increasing the content of fly ash will decrease the properties of soil. X-Ray diffraction and scanning
electron microscopy method are useful in determining the chemical composition, mineralogy, and particle
shape of black cotton soil and fly ash. The particle size distribution curve helps to determine the gradation
of material, and here, we can say the soil is well-graded soil, so further analysis is done based on its PSD
curve, in which we obtain that 99.85 % of particles are finer than 2.36 mm. Standard proctor test was
performed using various different soils, sand, and fly ash composition to calculate its strength at different
water content and to determine the optimum moisture at which the sample gives maximum density. Such
results were used for the analysis. For average proportions, if we consider 40 % FA and 60 % BCS, the
OMC is 15.56 %, and MDD will be 1.62 gm/cc, forming the above result calculated. This study definitely
helps researchers who are studying the behavior of expansive soil with the addition of fly ash.
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