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ABSTRACT: This paper presents the effective utilization of fly ash (FA) and agricultural gypsum (AG) in improving the 

basic index properties of clayey soil. An extensive series of tests were conducted on clayey soil stabilized with FA alone 

(i.e. 3, 6, 9, 12 and 15%) and also with AG alone (i.e. 3, 6, 9, 12 and 15%). From the test results, it was observed that with 

an increase in the percentage of agricultural gypsum the maximum dry density (MDD) increased up to 4.7% at 12% 

agricultural gypsum content and with an increase in the percentage of fly ash the MDD increased up to 6.7% at 6% fly ash 

content. The optimum mix proportion was determined based on UCS test results. The maximum UCS value was observed 

at 6% of FA as admixtures, UCS value got improved by around 27% and at 12% of AG as admixtures, UCS value got 

improved by around 13.8%. The utilization of FA and AG as the stabilizer is a cost-effective and environment-friendly 

technique to makes the soil mixes strong and durable. 
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1 INTRODUCTION 

A large amount of earth material is essential for 

infrastructural works and good bearing subsoil is an 

essential prerequisite for every construction process 

above soil strata. The strengthening and stabilization of 

soil are essential in case if the soil is weak and lacks 

the strength and engineering properties to withstand the 

loads coming over it. In the case of highly 

compressible soils with very low shear strength such as 

soft clay and peat, expansive soils such as black cotton 

soil have to be strengthened. Generally, the soil 

stabilization is done by compaction of the soil to its 

maximum dry density (MDD) at its optimum moisture 

content (OMC) dissipating the excess pore pressure by 

draining off excess pore water so that the consolidation 

of the soil can be done before the construction works. 

And thereby the consolidation settlement and shear 

failure of soil in the construction stage and working 

stage can be avoided. The alternative option is to 

replace partially or fully the weak soil with borrow soil 

of good basic index properties. But in urban areas, the 

borrow earth will be costly due to the higher 

transportation cost of hauling the soil to a longer 

distance. Other methods are mixing the soil with proper 

stabilizing admixtures in-situ so that the basic index 

properties of weak soil can be improved. Several 

studies have conducted on determining the suitability 

of various industrial solid wastes as admixtures in soil 

stabilization. Fly ash and gypsum are two major 

industrial wastes and several studies are conducted on 

these materials for determining its suitability as ground 

improving admixtures, and the major efforts were 

briefly reviewed in this work. 

 

2 LITERATURE REVIEW 

Fly ash and gypsum are two major industrial by-

products generated in huge quantities and several 

studies are conducted on these materials for 

determining its suitability as ground improving 

admixtures.  

Cokca Erdal (2001) carried out investigations using 

Soma fly ash and Tuncbilek fly ash added it to the 

expansive soil at 0-25%. Specimens with fly ash were 

cured for a period of 7days and 28 days after that 

conducting free swell test. The optimum content of fly 

ash to reduce the swell potential was found to be 20%. 

Both high–calcium and low calcium class C fly ash are 

best suited for use as effective stabilizing agents for 

stabilizing expansive soils.  

Gyanen et al. (2013) evaluated the effect of coarse and 

fine fly ash in unconfined compressive strength and 

compaction of black cotton soil. The proportions of 

coarse and fine fly ash mixtures used in black cotton 

soil varied from 5% to 30%. It was also found that the 

peak strength attained by fine fly ash mixture was 1.25 

times the strength obtained with coarse fly ash. 

Nurhayat Degirmenci (2008) in this research natural 

gypsum (NG) and waste phosphogypsum (PG) were 
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used as admixtures to improve the engineering 

properties of adobe soil. On addition of 25% of 

gypsum onto adobe soil showed maximum resistance 

to softening in water. The drying shrinkage reduced on 

the addition of gypsum.  

Muthukkumaran et al. (2014) used phosphogypsum 

(PG) and bottom ash (BA) was mixed with expansive 

montmorillonite. The swelling pressure reduced by 

about 35% when soil was mixed with PG alone and 

48% reduction occurred when 4% of combined PG and 

bottom ash mix were used in stabilization. Unconfined 

compressive strength values got increased 5 times for 

six percentages of additives and crossed the minimum 

required value of strength i.e. of 350 kPa. Effect of PG 

was more in an improvement of basic index properties 

of soil.  

Kolay et al. (2010) described the soil stabilization of 

locally available peat soil from Matang, Sarawak, using 

gypsum and fly ash. The UCS test results showed that 

the peat soil got strengthened due to the addition of 

different proportions of admixtures such as gypsum 

and fly ash and the strength also found to increase with 

the increase in curing periods.  

Divya et al. (2014) studied the effect of PG and FA on 

strength improvement of soil when added in varying 

percentages. The UCS was determined after curing the 

specimen for periods of 3 days and 7 days. The test 

results showed that as the admixture quantity, as well 

as the curing period in the soil, increases the strength 

value is also got increased.  

Rahman et al. (2015) studied the effect of fly ash (FA) 

and Synthetic gypsum (SG) on the basic index 

properties of peat soil. The results showed that soil 

treated with the mixture of SG and 10% FA indicated 

lower liquid limit values than the simply SG treated 

soil. In compaction tests, the MDD increased in both 

and FA-SG treated soil SG treated soil. As the SG 

content increased permeability was also found to be 

increased. 

On thoroughly reviewing several pieces of literature it 

was found that fly ash and gypsum are two major 

industrial wastes which have the potential to be used as 

soil stabilizing admixtures. It was also found that on an 

addition of more than one admixture onto the soil can 

effectively improve the basic index properties of weak 

soil. Agricultural gypsum is also a form of gypsum-

containing 70% of CaSO4.2H2O also generated in a 

huge quantity. Not many studies were conducted in 

effectively utilizing agriculture gypsum (AG) in soil 

stabilization. In this paper, an effort is made to 

investigate the potential of AG and FA to stabilize 

weak clayey soil when added as stabilizing admixtures. 

3 MATERIALS USED 

3.1 Clayey Soil 

The soil samples were collected from Samshipur, 

Kurukshetra, Haryana, from a depth of 1m below the 

ground surface. The soil was pulverized to break lumps 

and then air and oven dried before conducting the test. 

The grain size distribution and the physical properties 

have been tabulated in Table 1 classification of soil 

(medium plastic). 

3.2 Fly ash (FA) 

Fly ash (class f) was collected from the thermal power 

plant in Assand village, Panipat, at Haryana. Fly ash, 

which also called such as "pulverized fuel ash" in the 

United Kingdom (UK), was one of the by-products 

generated by coal combustion, mainly from the thermal 

power plants. Fly ash was composed of the fine 

pozzolanic particles that are driven out of the steam 

container with the flue gasses. The electrostatic 

precipitators or other particle filtration equipment 

captures fly ash (class f) before the effluent gasses 

reach the chimneys of thermal power plant. The grain 

size distribution and basic index properties have been 

tabulated in Table 1. (Silt of low plastic) 

Table 1 Basic index properties of material 

Index Properties        Materials 

 
Clayey 

Soil 

Fly ash 

Class F 

Sieve Analysis- 
 

 

Gravel, (%) 0 0 

Sand, (%) 5.50 5 

Silt+Clay, (%) 94.50 95 

Atterberg Consistency- 
 

 

Liquid Limit (LL), (%) 43.00  

Plastic Limit (PL), (%) 23.10  

Plasticity Index (PI), (%) 19.90 NP 

General Characteristics- 
 

 

Specific Gravity (G) 2.65 2.10 

Soil Classification CI ML 

Maximum dry density (g/cc) 1.78 - 

Optimum moisture content (%) 19.00 - 

Unconfined compressive Strength in 

14days (Kg/cm
2
) 

2.56 - 

3.3 Agricultural gypsum (AG) 

Agricultural gypsum was collected from Lakshmi 

fertilizers, Kurukshetra. The agricultural gypsum was 

produced at Rajasthan and marketed by Haryana Land 

Reclamation and Development Corporation Limited 

(HLDRC). It was having an off-white colour with a 

minimum purity of 70% CaSO4.2H2O (gypsum). The 
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agricultural gypsum was pulverized to break lumps and 

then air or oven dried before conducting tests.  Specific 

gravity value was obtained as 2.32. It’s fineness 

conforming to ISI specification. 

 

4 METHODOLOGY 

Firstly the basic index properties such as water content, 

specific gravity, particle size distribution and liquid 

limit were determined to establish the basic 

characteristics of the clayey soil. Basic index properties 

such as standard Proctor test and unconfined 

compressive strength were also being studied. 

4.1 Sample preparation for standard Proctor 

test  

The preparation of soil sample was done by sun-drying 

followed by grinding and sieving. The soil was 

pulverized to break the lumps and then dried in air 

before conducting tests. The soil particles that were 

passed through 1.18 mm IS sieves were collected to 

conduct a different test with different proportions of 

admixtures. The procedure for conducting the 

experimental investigation was based on the Indian 

Standards IS: 2720 (1980) and IS: 2720 (1991). Tests 

on the different proportion of fly ash (class f) and 

agricultural gypsum were designed to obtain the most 

suitable and optimum proportion of stabilizer that will 

improve the properties of clayey soil sample mostly in 

terms of strength and other physical and basic index 

properties. 

The compaction was used for determining the MDD 

and OMC of soil with varying admixture content. After 

obtaining the value of MDD and OMC of the sample 

from standard Proctor test, the specimens were tested 

using stabilized agents AG in 3, 6, 9, 12, and 15% and 

FA in 3, 6, 9, 12, and 15% of dry weight of the sample. 

4.2 Sample preparation for UCS test 

Unconfined compressive strength test, samples of 3.8 

cm diameter and 7.6 cm height were prepared by the 

compaction of the samples at their optimum moisture 

contents and max dry density. For virgin soil, the test 

was conducted directly after the sample preparation. 

For soil treated with AG and FA, samples prepared 

were placed in polyethene bags which were cured by 

covering them with wetted gunny bags. The 

unconfined compressive strength tests (UCS) were 

conducted after the curing period for 3, 7 and 14 days 

to investigate the strength of agricultural gypsum and 

fly ash (class f) treated soil. All the samples were tested 

at an axial strain rate of 1.2 mm /min as per IS: 2720 

(Part-X). 

5 RESULT AND DISCUSSION 

5.1 Standard Proctor Test 

The variation of MDD with the addition of fly ash as 

the admixture was being illustrated in Fig. 1 

respectively. Improvement in the MDD was observed 

slowly for 3% and 6% replacement of fly ash, but then 

after a further increase in blend MDD decreases. This 

was obvious as the specific gravity of fly ash (class f) 

was less than clayey soil. The OMC for the mix 

proportion was found to be decreasing up to 6% of fly 

ash content and on further addition of fly ash OMC 

value was found to be increasing illustrated in Fig. 2 

 

Fig. 1 MDD values in varying percentage of content 

 

 

Fig. 2 OMC values in varying percentage of content 

The variation of MDD with the addition of agricultural 

gypsum (AG) as the admixture was being illustrated in 

Fig. 1 respectively. It was observed that at 12% of AG 

content and the MDD value found to have the 

maximum value. This is obvious as the specific gravity 

of AG was slightly less than clayey soil. The OMC for 

the mix proportion was found to be decreasing up to 

12% of AG content and on further addition of AG, 

OMC value was found to be increasing illustrated in 

Fig. 2 
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5.2 Unconfined Compression Test  

For determining the unconfined compressive strength, 

the samples were prepared at varying proportion of fly 

ash (alone) and agricultural gypsum (alone) from 0% to 

15%. The compressive strength after curing periods of 

3, 7 and 14 days was determined and the variation of 

the UCS values with varying proportions of FA 

tabulated in Table 2 and varying proportions of AG 

tabulated in Table 3. It was observed that on increasing 

the curing period, the UCS values also increased. The 

percentage of FA and AG was increasing and the UCS 

value was also increasing correspondingly up to 6% of 

FA and 12% of AG after that UCS value was 

decreasing. This may be due to grain size effect and 

specific gravity of both materials etc. 

Table 2 UCS values with varying proportions of FA 

 

FA (%) 

UCS Values (Kg/cm
2
) 

3 Days 7 Days 14 Days 

0 1.944 2.149 2.560 

3 2.557 2.763 3.171 

6 2.711 2.863 3.273 

9 2.650 2.810 3.215 

12 2.454 2.660 3.070 

15 2.353 2.590 2.969 

Table 3 UCS values with varying proportions of AG 

  UCS Values (Kg/cm
2
) 

AG (%) 3 Days 7 Days 14 Days 

0 1.944 2.149 2.560 

3 2.123 2.220 2.637 

6 2.345 2.450 2.750 

9 2.463 2.590 2.808 

12 2.515 2.670 2.915 

15 2.232 2.335 2.696 

6 CONCLUSIONS 

 The MDD was increasing correspondingly 

up to 6% of FA and also increasing 

correspondingly up to 12% of AG. 

 The highest UCS value was achieved 3.273 

Kg/cm
2
 in 14 days for 6% of fly ash. 

 The UCS values also increasing as the 

curing period increase for all percentages of 

FA and AG. 

 The addition of FA with AG stabilizer 

makes the soil mixes durable, low-cost with 

an environment-friendly and effective for 

soil stabilization. 
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