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Abstract— Pond ash deposits possess high compressibility, 

low bearing capacity so acres of land get wasted. 

Improvement of load carrying capacity of ash ponds will 

make them suitable for residential or commercial use. Stone 

or compacted stone columns is a technique of soil 

reinforcement that is frequently implemented in soft cohesive 

soils to increase the bearing capacity of the foundation soil, 

to reduce the settlement, and to accelerate the consolidation 

of surrounding saturated soft soil. The stress-strain behavior 

of the granular column is governed mainly by the lateral 

confining pressure mobilized in the native soft soil to restrain 

bulging collapse of the granular column. Several works have 

been done relating to study the effectiveness of stone column 

on cohesive material, along with the effect of encasement and 

without encasement over the stone column. However no 

studies have been made to explore the effectiveness of stone 

columns in pond ash deposits. This study relates to the 

reinforcement of pond ash with stone column and possibility 

of utilizing abandoned ash pond sites for residential or 

commercial use. The purpose of this work is to assess the 

suitability of reinforcing technique by stone columns to 

improve the load carrying capacity of pond ash deposits 

through several laboratory model tests. This objective is 

achieved in two parts. In the first stage the characterization of 

pond ash is made along with the evaluation of the mechanical 

properties like compaction characteristics under different 

loading conditions, evaluation of shear strength parameters 

using Direct shear test, Unconfined compression test, Triaxial 

test at different testing conditions. This is done basically to 

find out the inherent strength of the pond ash compacted to 

different densities and at different degree of saturation. In the 

second series of tests the shear parameters of the compacted 

pond ash samples reinforced with stone columns of varying 

area ratios and length ratios are evaluated from triaxial 

compression test. In addition to this stone columns having 

different area ratios and length ratios are introduced in 

compacted pond ash beds and the bearing capacity of the 

composite system is evaluated through a series of footing 

loading tests. For this a circular footing of 75mm in diameter 

is used. 
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I. INTRODUCTION 

Fly ash is the residue of the coal combustion process in power 

plants. Nearly 73% of India’s total installed power generation 

capacity is thermal, of which coal based generation is nearly 

90 percent (diesel, wind, gas & steam adding to about ten 

percent). The 85 utility thermal power stations, in addition to 

several captive power plants, use bituminous or sub-

bituminous coal and produce large volumes of flyash. High 

ash content (30-40%) of Indian coals is contributing to these 

large volumes of flyash. At present, nearly 170 million tons 

of flyash is being generated annually in India and nearly 

65,000 acres of land is presently occupied by ash ponds. 

India’s dependence on coal as a source of energy shall 

continue in the next millennium and therefore flyash 

management would remain an important area of national 

concern. Its indiscriminate disposal requires large volumes of 

land, water and energy. Pond ash deposit posses’ high 

compressibility, low bearing capacity so acres of land get 

wasted. Flyash can be stabilized using compacted stone 

column to increase the bearing capacity and structures can be 

built on ash pond in a cost effective manner. 

In an era of spiraling land costs and growing 

population ash pond deposit have been a great headache for 

the technocrats, administrators, environmentalists and above 

for the civilization as it results in loss of agriculture 

production, grazing land and habitat as well as other land use 

impacts from diversion of Large areas of land to waste 

disposal. Thousand acres of land occupied by pond ash 

deposits remains unused as it possess high compressibility 

and low bearing strength. The use of compacted stone 

columns as a technique of soil reinforcement is frequently 

implemented in soft cohesive soils to increase the bearing 

capacity of the foundation soil, to reduce the settlement, and 

to accelerate the consolidation of the surrounding saturated 

soft soil. But very little work has been done on stone column 

for stabilization of ash ponds. Literature witness that 

compacted stone column as a stabilizing technique can be 

applied effectively in silty to fine sand. Flyash also comes in 

this range. So, in the present study an attempt has been made 

to study the effectiveness of compacted stone column in 

improving the bearing capacity of abandoned ash ponds. This 

objective is achieved in two parts. In the first stage the 

characterization of pond ash is made along with the 

evaluation of the mechanical properties like compaction 

characteristics under different loading conditions, evaluation 

of shear strength parameters using Direct shear test, 

Unconfined compression test, Triaxial test at different testing 

conditions. The effects of saturation on strength parameters 

also investigated. This is done basically to find out the 

inherent strength of the pond ash compacted to different 

densities and at different degree of saturation. In the second 

series of tests the shear parameters of the compacted pond ash 

samples reinforced with stone columns of varying area ratios 

and length ratios are evaluated from triaxial compression test. 

The area ratios of stone columns are varied from 0 to 40% 

and the length ratios are varied as 0. 0.25, 0.50, 0.75, and 

1.00. In addition to this stone columns having different area 

ratios and length ratios are introduced in compacted pond ash 

beds and the bearing capacity of the composite system is 

evaluated through a series of footing loading tests. 

Nearly 65,000 acres of valuable land is occupied by 

ash ponds. The pond ash deposits are characterized by its very 

low bearing capacity and high compressibility, rendering 

them unsuitable for any civil engineering structures 

constructed over it. Any construction activity over abandoned 

ash ponds needs a proper understanding of the physical and 

mechanical properties of these deposits and also the 
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suitability of any ground improvement techniques that can be 

adopted. Even through adequate substitute for full scale field 

tests are not available; tests at laboratory scale provide a 

means to closely control many of the variable encountered in 

practice. The trends and behavior pattern observed in the 

laboratory tests can be used in understanding the performance 

of the structures in the field and may be used in formulating 

mathematical relationship to predict the behavior of field 

structures. Keeping this in mind laboratory investigations 

were carried out to determine the physical and mechanical 

properties of pond ash. In addition to this the suitability of 

stone columns in improving the load carrying capacity pond 

ash deposits were examined through a series of model tests. 

This chapter outlines experimental work undertaken, the 

methodology adopted and the salient test results. 

A. Pond Ash 

Pond ash was collected from ash ponds of Rourkela Steel 

Plant (RSP) Rourkela. The sample was sieved through 2mm 

sieve to separate out the foreign and vegetative matters. The 

collected samples were mixed thoroughly to get the 

homogeneity and oven dried at the temperature of 105-1100C. 

The pond ash samples were stored in airtight container for 

subsequent use. 

II. TESTING PROGRAM 

Two series of tests were carried out in this work. The first 

series of tests aimed at evaluating the physical and 

mechanical properties of pond ash which includes the index 

properties of pond ash such as the specific gravity, grain size 

distribution and the consistency indices. Further the 

compatibility of pond ash under different compactive energy 

levels was determined with the help of compaction tests. The 

shear strength parameters of compacted pond ash specimens 

at OMC and saturation conditions were also determined from 

direct shear test and triaxial shear tests. 

The second series of tests were carried out to 

evaluate the reinforcing effects of stone columns in 

improving the load carrying capacity of compacted pond ash 

samples. The stress strain response of pond ash reinforced 

with stone was determined by triaxial test. Under the triaxial 

test the compacted pond ash was reinforced with stone 

column by varying diameter of stone columns as 2.2cm, 

2.6cm, 3.5cm, and 4cm to maintain the area ratio of 10%, 

20%, 30%, and 40%. The effectiveness of length of stone 

columns on triaxial behaviour of samples was studied by 

varying the length ratio as 1.00, 0.75, 0.5, and 0.25. All these 

specimens were of 75mm diameter and 150mm in length. 

These samples were tested in a triaxial testing machine with 

cell pressure varying as 0, 1, 2, and 3 kg/cm2 with axial strain 

rate of 1.25%. Further work has done to evaluate the bearing 

capacity of compacted pond ash beds reinforced with stone 

column. The stone columns with diameters of 2.6cm, 3.3cm, 

4.8cm and 5.7cm were installed in the pond ash bed which 

corresponds to area ratio of 10%, 20%, 40% and 60%. The 

effectiveness of length of stone columns on bearing capacity 

of pond ash beds was studied by varying the length ratio as 

1.00, 0.75, 0.5, and 0.25. The details of tests conducted and 

the experimental procedure are outlined below. 

A. Triaxial Tests on Compacted Pond Ash 

The traiaxial test was conducted to study the stress-strain 

response of pond ash under different confining pressure. The 

tests were conducted at densities of 0.984, 1.031, 1.134, 1.15, 

and 1.23gm/cm³ which were obtained from compaction tests 

corresponding to compaction energies of 119, 357, 595, 1604, 

and 2674kJ/m³. The test specimens were of 50mm (dia.) × 

100mm (high) in size. The traiaxial test was conducted very 

carefully at the confining pressure of 1 kg/cm2, 2 kg/cm2, and 

3 kg/cm2 

B. Determination of Maximum Density of Stone Aggregate 

The vibration test was conducted to get the maximum density 

of stone aggregate having the size ranges of 1mm to 2mm and 

2mm to 4.75mm size aggregate with varying the mixing 

proportion of aggregate. The test results are presented in 

Table 3.6. The shear strength parameters of the stone 

aggregate at mass density of 1.824 gm/cm3 was found to be 

C=0 and Φ=450 and this proportion is used to prepare the 

stone columns. 

III. TEST ON STONE COLUMNS REINFORCED SAMPLES 

A. Trixial Shear Test on Compacted Pond Ash Reinforced 

with Stone Columns 

The traiaxial test was conducted to study the response of 

reinforced pond ash. The compacted pond ash samples were 

prepared at dry densities of 0.90 g/cm³ or 0.984 g/cm³. These 

samples were of 75mm (dia.) ×150mm (height). Four 

different thin tubes of external diameters of 2.2cm, 2.6cm, 

3.5cm, and 4.0cm were used to make cavity at the center of 

cylindrical sample to give the area ratio of 10%, 20%, 30% 

and 40%. At the center of pond ash sample stone aggregate 

are inserted and compacted with compaction instrument to 

maintain the density of stone aggregate. To study the effect 

of length ratio the lengths of the stone columns were adjusted 

to give length ratio of 0.25, 0.50, 0.75, and 1.0. Traiaxial test 

was conducted by give the confining radial cell pressures of 

3 kg/cm2, 2 kg/cm2, 1 kg/cm2 and 0 kg/cm2 

IV. FOOTING LOAD TESTS 

The test was conducted to find out the bearing capacity of 

pond ash beds, reinforced with stone column on a strain 

controlled loading machine. Compacted pond ash beds at 

density of 0.90 kg/cm³ and at OMC are prepared in the 

cylindrical tank size of internal diameter 396 mm and length 

of 400 mm. The stone column was inserted at the center of 

pond ash by hollow cylindrical steel tubes to give the required 

area ratio and to compact the stone aggregate iron rod was 

used to maintain the required density. The test was conducted 

at area ratio of 0, 10%, 20%, 30%, 40% and 60%. The length 

ratios of stone columns were also varied as 0, 0.25, 0.50, 0.75, 

and 1.0. A circular footing of 75mm placed centrally on the 

test bed was tested in a strain controlled loading machine with 

strain rate of 1.25 mm/minute till failure of the sample. 

A. Determination of Grain Size 

The grain size distribution curve of pond ash is presented in 

Fig 4.1.The pond ash consists of grains mostly of fine sand to 

silt size. The coefficient of uniformity and coefficient of 

curvature of pond ash sample is found to be 6.13 and 2.61 
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respectively indicating uniform gradation of sample. The 

grain size distribution of pond ash mostly depends upon the 

degree of pulverization of coal and the firing temperature in 

boiling units. This modern plant having more efficient coal 

pulverizing equipment tends to produce ashes of finer texture 

than those from older stations. As the present pond ash 

sample is from the ash pond of R.S.P, the presence of 

sediment foreign particles are also expected to present in it. 

Atterberg Limits was not possible to find out the liquid limit 

and plastic limit of pond ash indicating that pond ash is non-

plastic in nature. 

 
Fig. 1: Grain size distribution curve 

B. Compaction Characteristics 

The compaction characteristics of pond ash with different 

compaction energies have been studied by varying the 

compaction energies 119, 357, 595, 1604 and 2674Kj/m³ of 

compacted volume. The OMC and MDD of pond ash samples 

corresponding to these compactive efforts have been 

evaluated and presented in Table. Relationship between dry 

density and moisture content of pond ash at different 

compaction energies have been shown in Fig. It is seen that 

as the compactive energy increases the MDD increases and 

the water required to achieve this density is reduced. A 

continuous increase in the value of MDD is observed with the 

compactive energy (Fig.4.3). Plot between OMC and 

compactive energy (Fig.4.4) shows that initially the OMC 

decreases rapidly with compactive effort and then the rate of 

decrease is not that prominent .The MDD of specimens is 

found to change from 0.984 to 1.23 gm/cm³ with change in 

compaction energy 

V. CONCLUSION 

Based on the tests conducted on the pond ash collected from 

RSP Rourkela and model footing loading tests conducted on 

compacted pond ash beds reinforced with stone columns of 

different area ratios and length ratios the following main 

conclusions are drawn: 

 The pond ash consists of grains mostly of fine sand to silt 

size with uniform gradation of particles. The percentage 

of pond ash passing through 75μ sieve was found to be 

18.84%. Coefficient of uniformity (Cu) and coefficient 

of curvature (Cc) for Fly ash was found to be 6.13 & 2.61 

respectively, indicating uniform gradation of samples. 

The specific gravity of particles is lower than that of the 

conventional earth materials. 

 An increase in compaction energy results in closer 

packing of particles thus increase in dry density whereas 

the optimum moisture content decreases. 

 Dry unit weight of compacted specimens is found to 

change from 0.984 to 1.23 gm/cm3 with change in 

compaction energy from 119kJ/m3 to 2674 kJ/m3, 

whereas the OMC is found to decrease from 43.23 to 

31.7 %. The low compacted density may be attributed 

tothe rounded shape of particles, uniform gradation of the 

sample and the low specific gravity of the constituent 

particles. 

 Pond ash possesses low unit cohesion. But both the unit 

cohesion and frictional angle is found to increase with 

increase in compaction energy. The increase in frictional 

angle is attributed to closer packing and interlocking of 

particles. 

 A linear relationship is found to exist between the 

compaction energy and unconfined compressive 

strength. The UCS value is found to change from 19.587 

to 66.758 kPa with change in compaction energy from 

119kJ/m3 to 2674kJ/m3 indicating that the gain in. 

REFERENCES 

[1] Korhan, A. and Ahmed, E. (2004), Mitigation of 

liquefaction and associated ground deformations by 

stone columns, Engineering Geology, 72 275 – 291 

[2] Dheerendra, M. R., Nayak, B. S., Shivashankar R. 

(2013), A Critical Review of Construction, Analysis and 

Behaviour of Stone Columns. Geotech Geol. Eng., 31:1– 

12 

[3] Castro, J., and Sagaseta, C (2011), Consolidation and 

deformation around stone columns, Numerical 

evaluation of analytical solutions. Computers and 

Geotechnics, 38 354–362 

[4] Castro, J., et al (2012) Consolidation and deformation 

around stone columns: Comparison of theoretical and 

laboratory results. Computers and Geotechnics . 

[5] Christoulas, ST. et al. (1997), Stabilization of 

embankment foundation by using stone columns. 

Geotechnical and Geological Engineering, 15 247-258. 

[6] Deb, K. and Dhar, A. (2011) Optimum design of stone 

column-improved soft soil using multi-objective 

optimization technique. Computers and Geotechnics, 38 

50-57. 

[7] Deb, K. et al (2011), Laboratory model studies on 

unreinforced and geogrid-reinforced sand bed over stone 

column-improved soft clay .Geotextiles and 

Geomembranes 29 190-196 

[8] Deb, K. (2008) Modeling of granular bed-stone column-

improved soft soil Int. J. Numer. Anal. Meth. Geomech.; 

32:1267–1288 

[9] Elshazly, H. et al (2008), Effect of Inter-Column Spacing 

on Soil Stresses due to Vibro-Installed Stone Columns: 

Interesting Findings. Geotech Geol. Eng. 26:225 

[10] Frikha, W. et al (2013) Observed Behaviour of Laterally 

Expanded Stone Column in Soft Soil. Geotech Geol Eng 

.31:739-752 

http://dx.doi.org/10.1016/j.compgeo.2010.12.006
http://dx.doi.org/10.1016/j.compgeo.2010.12.006
http://dx.doi.org/10.1016/j.compgeo.2012.09.004

