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ABSTRACT: In this study, an attempt has been made to investigate the influence of fly ash columns (FACs) on the 
expansive soil using different percentages of fly ash and calcium carbide residue (CCR) to reduce heave of expansive soil 
bed. Puzzolanic activity of the binder admixture has been studied by replacing the columns admixture by sand in the vertical 
columns in the soil specimen. Conventional Oedometer tests have been performed. Free swell index and particle size 
distribution tests have also been conducted as post-tests.  It has been observed that swell properties considerably reduce 
with vertical fly ash columns in the expansive soil bed. 
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1 INTRODUCTION  

Expansive soil has a potential for shrinkage or swelling 
under changing moisture condition. The volumetric 
changes in expansive soils have been observed to cause 
many structural problems construction works. Which 
leads to structural damages and the annual cost of 
damages is estimated £150 million in the UK, $1000 
million in the USA and many billions of pounds 
worldwide (Viswanadham et al. 2009). To overcome 
this, different foundation techniques have been 
suggested like granular pile anchors (Phanikumar et al. 
2004, Phanikumar et al. 2008, Aljorany et al. 2014), 
lime pile technique for the improvement of clayey soil 
(Malekpoor and Poorebrahim 2014, Abiodun and 
Nalbantoglu 2015,) and improving the expansive soil 
behavior by fly ash columns (Phanikumar et al. 2009, 
Palaniappan and Prabhu 2013). 
An experimental investigation has been carried out in 
this study, with vertical fly ash columns in the expansive 
clay bed.  
(Das and Yudhbir 2005) pointed out the poor 
performance of the typical Indian low calcium fly ashes 
and (Du et al. 2016,  Jiang et al. 2015) pointed out 
calcium carbide residue (CCR) as an environmentally-
friendly binder for the stabilization. Due to these 
reasons, the amount of calcium in fly ash columns has 
been increased with different percentages of CCR. This 
paper explores the reaction of fly ash-CCR columns 
(FACs) in expansive clay specimens and represents the 
effect on swell properties of expansive soils by 
analyzing the results of laboratory oedometer tests, free 
swell index (FSI) and grain size distribution tests (PSD).   

2  EXPERIMENTAL INVESTIGATION 

A laboratory oedometer test has been conducted on 
expansive clay soil stabilized by FACs to study the 
efficacy of FACs in reducing the swell characteristics of 
expansive soil.    

2.1  Test materials  

2.1.1 Expansive soil  

The expansive soil used for experimental work has been 
collected from Nanded city, located in Sinhagad road in 
Pune, Maharashtra, India from a depth of 0.5 to 1.5 m 
below the ground level. The basic physical and 
engineering properties of the parent soil have been listed 
in Table1.Soil is classified as fine grained soil, which 
has been further classified as MH-CH as per 
Casagrande’s plasticity chart (IS-1498-1970). 
According to IS: 1498-1970, the degree of expansion 
has been classified as high to very high. The X-ray 
diffraction (XRD) spectrometer (Phillips 2404, the 
Netherlands), indicates montmorillonite as the dominant 
mineralogical constituent of this soil and the basal 
spacing, height and position of the 001 peak of the clay 
has been observed to be 16.24Ȧ, 7075cts, and 5.43o2θ. 

2.1.2  Binders 

Fly ash for the present study has been supplied by NTPC 
Limited. CCR has been collected from Acetylene plant, 
Murbad, Mumbai. The basic physical and engineering 
properties of the Fly ash and CCR have been listed in 
Table 2. Chemical composition of the materials in oxide 
form has been determined by using the X-ray 
fluorescence (XRF) setup (PW2404-Panalytical). 
Results indicate fly ash contains 18.2% Aluminium 
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oxide, 37% Silicon dioxide, 33.6% Iron (III) oxide, 
0.66% Calcium oxide and CCR contains 56.8% Calcium 
oxide.  

Table 1 Properties of soils tested 

                      Index Value 

Hygroscopic water content, wh (%)  13.4 

Specific gravity, Gs  2.69 

Liquid limit, wL (%)  92 

Plastic limit, wp (%)  45 

Maximum dry  density,  ρd, max (kN/m3)a  12.6 

Optimum moisture content, w opt (%) a 35.5 

Free swell index (%) 135 

Particle size distribution (%)  

Clay (<0.002 mm ) 66 

Silt ( 0.002 to 0.74 mm ) 26 

Sand (0.74 to 4.75 mm ) 7 

Gravel (>4.75 mm )  1 

aStandard Proctor Compaction 
 

Table 2 Basic physical properties of CCR and fly ash  

                      Index 
Value 

CCR Fly ash 

Specific gravity, Gs  2.26 2.24 

Void ratio in the loosest state e max  3.16 1.11 

Void ratio in the densest state e min  2.36 0.69 

Particle size distribution (%)    

Clay (<0.002 mm ) 0.28 10 

Silt ( 0.002 to 0.74 mm ) 99.7 54 

Sand (0.74 to 4.75 mm ) 1 35 

 

3 TEST PROGRAM 

Swell and swell pressure of expansive soil has been 
measured by one dimensional swelling pressure test 
with fixed type ring. In order to experimentally figure 
out that swell reduction is because of influence of 
admixture binder FACs and not due to soil removal of 
the columns, swell test has been conducted for the same 
orientation as FACs with vertical sand drains.  
To study the effect of binder on soil texture, post-test 
observation has been done by conducting particles size 
distribution and free swell test. Tests carried on 
untreated soil and treated soil with vertical columns on 
3mm diameter with 30mm distance of columns in 
rectangular pattern while fly ash and CCR ratio was 95% 
and 5 % which designated by 95F5CCR and likewise 

90F10CCR, 80F20CCR, 50F50CCR and 25F75CCR.  
 

4 EXPERIMENTAL INVESTIGATION   

4.1 Preparation of specimens 

All the tests have been conducted on OMC and MDD in 
the specimen of diameter 75 mm and height of 20 mm.   
Oven dried soil < 4.75mm has been used. Samples have 
been prepared as Nagaragj et al. (2009). The vertical 
holes have been carefully filled with sand of particle size 
of less than 425 μm (fine sand) with 85% relative density 
or by 85% relative density purposed binder. A seating 
load of 6.25 kPa has been applied on the hanger. Figure 
1. shows the compacted specimen with 7 vertical drains. 

4.2 Tests conducted  

On applying the seating pressure of 6.25KPa and giving 
free water access to the top and bottom, swell has been 
measured. The free swell reading has been recorded over 
a period of 10 days.  Afterwards, the swell sample has 
been subjected to consolidation under different 
pressures. For each load specimen, the compression 
deformation has been recorded for 24 hr. The 
consolidation loads have been applied till the specimen 
attained its original volume. After determining the 
swelling pressure, unloading has been done in stages. 
Every sample has been preserved in a different box for 
post investigation tests.  
The post-test investigation has done on air-drying of 
specimen, after removal of binder from columns and 
grinding. FSI has been obtained by passing soil through 
425 micron sieve. Two samples of soil have been taken 
each weighing ~10g. One has been put in 50 cc 
graduated glass cylinder containing kerosene oil and the 
other sample has been put in a similar cylinder 
containing distilled water. Both the samples have been 
left undisturbed for 24 hours and then their volumes 
were noted. In case of particle size distribution analysis, 
grinded soil has been passed through 0.3mm sieve. Then 
has been mixed with sufficient quantity of distilled 
water and subjected to the laser particle size analyzer. 
 

5 RESULTS AND DISCUSSION 

The influence of vertical sand drains on swell behavior 
has been earlier reported by (Nagaragj et al. 2009). The 
swell and swell pressure has increased because of better 
saturation of the soil specimen with improved drainage.  
A similar trend has been observed from Figure 2, that is, 
the amount of swell magnitude has increased from 
2.11mm to 2.26mm (~6.7% increase) and swell pressure 
has increased from 190 kPa to 210kPa (~10.5% 
increase) with the introduction of vertical sand drains . 
Figure 2 also shows FAC-reinforced expansive clay bed 
, compacted at initial dry unit weight of 12.6kN/m3 with 
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binder stabilized of 95F5CCR, 90F10CCR, 80F20 CCR, 
50F50CCR and 25F75CCR, underwent an equilibrium 
heave of 1.494mm, 1.206mm, 1.108mm, 1.374mm and  
1.129mm respectively, resulting in a respective 
reduction in heave of 29%, 43%, 48%, 35% and 46%. 
Swell pressure of above mention sample reduced from 
190 kPa to 85kPa, 86kPa, 70kPa, 170kPa and120kPa 
respectively, resulting in a respective reduction in 
pressure of 52%, 54%, 63%, 10% and 36%. 
 

 
(a) 

 
(b) 

Figure 1 (a) Final stage of drilling seven vertical holes. (b) 
Final view of specimen filled up with fly ash and 

CCR admixture 

Thus heave and swell pressure decreased in all FACs 
reinforced clay bed. Maximum reduction of heave and 
swell pressure has been observed on reinforced clay bed 
of 80F20CCR. This has been attributed to the migration 
of pozzolanic material and Ca2+ ions from the FACs into 
the soil, flocculation of particles and pozzolanic 
reactions take place in FACs reinforced clay bed which 
pointed by Abiodun and Nalbantoglu (2015). As pH 
value of calcium base stabilized soil increases for 
pozzolanic reaction, visual observation of pH value of 
untreated soil and treated soil has done by using 1% 
phenolphthalein solution indicator. It has been observed 
that solution of untreated soil becomes pink in color 
while all combination of treated soil solutions turned 
colorless. Colorless solution of treated soil may 
indicates pozzollanic reaction which takes place for 
pH>12. The results of PSD test have been shown in 
figure 3. The aim of this test has been to determine 
whether there was a shift of particle size due to influence 
of fly ash and CCR to soil. It has been observed that the 
addition of 80%fly ash 20% CCR leads to reduction of 
clay-sized particle percentages from 66% on untreated 

soil to less than 5%, higher than the other combinations 
of binder mixtures. The silt-sized particle percentage of 
the addition of 80F20CCR increased substantially from 
26% to 90% on treated soil. 
 

 

Figure 2 Variable of swell and swell pressure, with and 
without vertical drains 

 

Figure 3 Results of particle size distribution test in 
different percentages of binder 

The change in particle size percentages in the stabilized 
soils has been inferred mainly due to the some chemical 
reaction that causes flocculation of clay particle by 
cation exchange (Cokca 2001). 
Table 4 Results of free swell test in different percentages 
of binder 

Soil 
state 

95F5
CCRa 

90F10
CCR 

80F20
CCR 

50F50
CCR 

25F75
CCR 

Treated 
soil  

131.5 117.5 113 118 100 

Ave. 116  
14% reduction  

a95F5CCR; 95 percentage fly ash and 5 percentages 
CCR 
Table 4 shows variation of the FSI according to different 
percentages of fly ash and CCR binder admixture.  
The free swell index decreased for all combination.  
Average reduction has been found to be 14% which has 
been attributed to change of clay particle size to non-
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plastic silt size, leading to reduction of swelling 
behavior. Fly ash and CCR are compounds of silicate, 
alumina, iron oxide and calcium, which promote 
flocculation of clay particle. The surface area of the 
samples and affinity for water has been observed to 
decrease and causes reduction in FSI. (Mir and 
Sridharan 2013, Phani Kumar et al 2004). Higher values 
of FSI for 50F50CCR compared to 80F20CCR can be 
explained as fly ash decreases from 80% to 50%, it 
causes the reduction of water influence and calcium to 
clay bed, hence, FSI, swell pressure and heave were 
attributed to increase. The tests for the other cases like 
25F75CCR are ongoing and awaiting results. From our 
current observations and analysis, it can be clearly stated 
that the technique of FACs reinforced soil has proved to 
be a very effective method and helped to reduce the 
swell behavior of expansive soil. The use of fly ash and 
CCR as civil engineering construction material has 
ceased their hazardous environmental effects and has 
also proved out to be very economical. 
 

6 CONCLUSIONS 

From the laboratory study the following conclusion 
have been drawn:  
With the vertical sand drains into the clay bed, the 
measured heave has been observed to increase by 6.7% 
and increase in swell pressure by 10.5%. 
With the vertical FACs, the measured heave has been 
observed to reduce for all combination of fly ash and 
CCR admixture. Maximum reduction of 48% in 80F20 
CCR has been found. Swell pressure has been observed 
to reduce for all combination of fly ash and CCR 
admixture. Maximum reduction of 63% in 80F20CCR 
has been observed. Maximum clay fraction reduction 
has been observed by80F20CCR. The free swell index 
has been found to decrease for all the combinations. 
To investigate the optimum spacing, micro structure, 
and soil mineralogy, further study is required with 
different column orientations, along with shrinkage 
limit studies, XRD and SEM as post- tests.  
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