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ABSTRACT: Backfilling the mine voids with the suitable material can provide additional ground support by restricting 

lateral deformation of surrounding coal pillars and roof. This type of support mechanism helps to prevent caving, 

minimizes surface subsidence, and enhances pillar recovery. River sand is widely used as a stowing/backfilling material, 

as it is easily available and suitability of its geotechnical properties. River sand is in great demand for many construction 

projects and is in short supply in many areas. So it is highly desirable to find an alternative stowing material. Some 

alternative materials used for backfilling are waste rock, mill tailings, quarried rock, sand and gravel. Over the last decade, 

attention has been made on the use of Coal Combustion Products as an alternate filling material for underground works. 

Usually, pond ash as a backfill material remains loose and serves only as a temporary working platform rather than 

offering any lateral strength. Adding low percentages of admixtures to backfill mass permits the development of cohesive 

strength and self-supporting ability during adjacent pillar mining. This self-supporting nature of the backfill permits 

higher recovery of pillar ore, which in turn improves the utilization of the mining reserve and the economics of the mining 

operation.  

In the present study, laboratory mine model was prepared by using pond ash as a backfilling material with different 

percentages of lime (2%, 6%, 8% and 10%) and gypsum (0.5%1%, 1.5%, and 2%) as additives. To examine the effect of 

gypsum on the strength characteristics of stowed pond ash, core samples were collected from the model which were cured 

for different time periods such as 7, 14 and 28 days. To determine the engineering properties of pond ash composites 

unconfined compression tests as well as triaxial compression tests were performed. The increase in strength of pond ash 

composites was observed for lime content up to 6% and gypsum of 1.5%.  
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1  INTRODUCTION 

Coal -based thermal power plants are the major source 

of power generation in India. The geological coal 

reserve of India is about 301.56 Billion tonnes 

(Geological Survey of India 2014). About 70% of this 

is used in power generation. India’s energy 

consumption has been increasing at faster rates due to 

population growth and Industrial development. India 

being the third biggest hard coal producer after China 

and the USA faces demand for energy and hence coal 

should be produced in large scale.  

In India 81% of the coal is obtained from opencast 

mining. Every million tonne of coal extracted by 

surface mining methods damages a surface area of 

about 4 ha in India (Ghosh and Sharma, 1990). 

Environmentally, underground mining is much better 

than opencast because it doesn’t immediately affect the 

natural habitat (Kundu and Ghose, 1998). Also, 

opencast production may reduce within next 15–20 

years. To meet the energy requirement, the Indian 

mining industry has to adopt mass production 

technology in underground mining. 

Underground mining accounts for about 15–20% of 

total coal production in India. Mine voids created 

should be filled or it may cause land subsidence due to 

collapse of the overlying strata. Most of the subsidence 

problems are have occurred suddenly and often remain 

as serious threats to the subsequent development of 

townships. Thus, to provide ground supports to 

minimise the land subsidence problems, stowing is the 

valuable part of mining (Kesimal et al., 2002; Yuan 

Yao et al., 2012). The filling of mine cavities would 

also release millions of tons of coal blocked in support 

pillars and thus increases the pillar recovery.  

River sand is widely used as a stowing/backfilling 

material, as it is easily available and suitability of 

geotechnical properties. The availability of river bed 

sand as a void filling material is decreasing. So it is 

important to find an alternative to this is highly 

desirable. Some alternative materials used for 

backfilling are waste rock, mill tailings, quarried rock, 

sand and gravel.  In recent days Coal combustion By 

products (CCB’s) like Fly ash or Pond ash  are  used 

for filling of mine voids. Bottom ash stowing practices 

are successfully practiced in the underground coal 
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mines of SCCL. Kumar et al. (2003) have reported the 

use of pond ash (a mixture of fly ash and bottom ash) 

of grain size between 75 and +20 mesh with equal 

percentage of water (by weight) for underground 

stowing of a coal mine. Palariski (1993) reported the 

use of fly ash, mill tailings, rock and binding agents to 

make consolidated backfill material to improve 

extraction percentage in coal mines. The pond ash 

water mixture with additives exhibited 100% 

settlement of solids within 30 min of placement. The 

settlement time further reduced with an increase in 

additive concentration. The additives also improved the 

percolation rate of the mixture with little adverse effect 

on mine water (Devi Prasad Mishra and Samir Kumar 

Das 2014). Fawconnier and Korsten (1982) reported 

that the use of pulverized fly ash filling had effectively 

stabilized the coal pillars reducing the risk of pillar 

failure in areas of low safety. 

 CCB can be utilized in bulk magnitude for stowing of 

underground mines in place of sand and filling up 

abandoned open cast mine voids. But it is often 

observed that sand or CCB’s used as backfill material 

remain loose and merely serve as a temporary working 

platform rather than offering any lateral stress on the 

opening walls to improve the stability situation 

(Srivastava, 1995). Maser et al. (1975) reported 

successful studies on fly ash–cement mixture for 

subsidence control.  

This paper mainly aims to investigate the effect of 

addition of various percentages of gypsum to the 

strength characteristics of laboratory stowed lime 

treated pond ash. UU Triaxial tests were carried out on 

the samples to determine the optimum contents of lime 

and gypsum. Studies were also made to evaluate the 

effects of various lime contents and different gypsum 

contents at an optimum lime content of 6% 

(Sivapullaiyah and Moghal, 2011). 

2 MATERIAL USED 

2.1  Pond Ash 

Pond ash was collected from the ash pond of NTPC 

Ramagundam, Warangal District, Telangana state, 

India. The chemical and geotechnical properties of 

pond ash samples used in this study are given in Table 

1 and 2 respectively. 

2.2  Lime and Gypsum  

The addition of lime enhances the pozzolanic reactivity 

of pond ash. Analytical quality gypsum was chosen to 

avoid the interference of impurities. Laboratory reagent 

quick lime [Cao], was supplied by Tarnath chemicals. 

Gypsum [CaSO4.2(H2O)], was supplied by Rajendira 

Scientifics were used for the experimental purpose. 

 
Table 1 Physical Properties of Pond ash 

Parameters   Pond ash  

Specific gravity  2.14  

% of fines  56.37  

Bulk density (g/cc)  0.89  

Co- efficient of permeability,10-3 mm/s  7.03  

Plasticity  Non plastic  

Particle density  1.66  

Porosity,% 53.6 

 

Table 2 Chemical Composition of Pondash 

Composition Compound by weight % 

Silicon dioxide (SiO2) 75.06 

Aluminium Oxide (Al2O3) 16.25 

Titanium dioxide (TiO2) 1.30 

Iron Oxide (Fe2O3) 2.12 

MgO 0.30 

CaO 0.5 

Potassium Oxide (K2O) 0.40 

Na2O 0.31 

3 EXPERIMENTAL PROGRAM AND TEST 

PROCEDURE 

To study the strength of the stowed pond ash the 

experiments were carried out in the following stages:  

Stage 1: pond ash considered as the stowing material 

was characterized. Stage 2: A series of unconsolidated 

undrained triaxial tests were done to determine the 

optimum gypsum content. 

3.1 Mix Preparation 

To prepare combinations of pond ash with additives, 

pond ash is mixed with varying percentage of additives 

on a dry weight basis. The pond ash was stabilized with 

quick lime of 2, 4, 6, 8 and 10% of dry weight of pond 

ash. To accelerate the bonding between particles, 

laboratory grade gypsum with 0.5, 1, 1.5 and 2%was 

also used to reduce the stabilized matrix by producing 

more ettringite.  

3.2 Sample preparation  

In the present study, tests on sedimented stowed pond 

ash with additives were carried out in two stages. In the 

first stage, the mine model shown in figure 1was 

stowed with pond ash composite slurry. The slurry 

consists of 65% pond ash composite and 35% water by 

its own weight. After drainage of water from the 
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stowed mass, undisturbed core samples of the sediment 

composites were collected by Shelby tube. Core 

samples were cured in the desiccators for different time 

periods i.e., 7, 14 and 28 days. Figure 2 shows the core 

samples of stowed pond ash composite collected from 

the mine model. 

 

Fig.1: Stowed pond ash composite in the mine model 

.  

Fig 2: Core Samples from Mine Model 

4 RESULTS AND DISCUSSION 

4.1 Grain size analysis 

The grain size distribution of pond ash was carried out 

according to IS 2970 (1974), values were provided in 

table 3. 
Table 3: Grain Size Distribution of Pond Ash 

Parameters  Pond ash 

Gravel (%) 0 

Sand (%) 43 

Silt (%) 55 

Clay (%) 2 

D10(mm) 0.0055 

D30(mm) 0.032 

D60(mm) 0.083 

Cu  15.1 

Cc  2.24 

IS classification ML 

 

It was observed that more than 50% of pond ash 

particles are between 0 and 75 microns that indicates a 

favorable trait for pozzolanic reaction, particles range 

from fine sand to silt sizes. The coefficient of 

uniformity affects the workability of the pond ash 

grains. The particle size distribution curve was shown 

in figure 3.  

UU triaxial shear tests were carried out at confining 

pressure of 100 kPa and a strain rate of 1.25 mm/min 

was applied on the sample. When 0.5 % of gypsum is 

added to the pond ash lime composite, the deviatoric 

stress was observed as 1174.3 kPa. 

 
Fig 3: Particle Size distribution of the pond ash 

An increase in 1 percentage of lime has shown 35%   

increase in deviatoric stress. But further increase of 0.5 

% of gypsum has shown reduction in stress of 8%.It is 

evident from the results that the deviatoric stress 

increases up-to 1.5%of gypsum content and decreases 

with further increase in gypsum content. The variation 

of deviator stress and axial strain for the pond ash 

composites for 14 days curing, are shown in Figure 

4.The peak strain for the optimum mix containing 6% 

Lime and 1.5% gypsum for 14 days curing period is 

found to be 1.68 times the peak strain for 7 days curing 

period. The failure strain for the composites lies 

between 4 % to 5% and 5.5% to 8.5% for 7 days and 

14 days of curing respectively.Figure 5 shows the 

variation of Deviator stress for different % of gypsum 

in lime modified PA. 

 

Fig. 4: Stress strain plot for lime modified PA with 

gypsum at 7days curing Period 

The strength of the composite increases upto the 

threshold value of 1.5% G. In the mix containing 6% 
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Lime and 0.5% gypsum the peak stress for 14 days 

curing period is found to be 1.35 times the peak stress 

for 7 days curing period. The peak stress for the 

optimum mix containing 6% Lime and 1.5% gypsum 

for 14 days curing period is found to be 1.46 times the 

peak stress for 7 days curing period. Thus it is evident 

that the addition of small percentages of gypsum (0.5 

to 2.0%) to pond ash lime mix increases the strength of 

the stowed specimens. 

 

Fig.5: Stress strain plot for lime modified PA with 

gypsum at 14 days curing period 

 

Fig. 6: Deviator stress vs. gypsum content for lime 

modified PA with gypsum 

5 CONCLUSION: 

The aim of the present investigation is to study the 

engineering properties of the developed pond ash 

composite material which can be used as an alternative 

to sand in stowing underground mine voids. The 

improvement of strength of pond ash due to the 

addition of gypsum is similar to FAL-G technology 

being used in brick making. The effect of gypsum on 

the strength properties of pond ash with varying 

percentage of lime has been investigated and the 

following conclusions are drawn: 

1) In the unconsolidated undrained triaxial 

shear results shows that deviator stress of 

Stowed pond ash composites attained peak 

value at axial strains in the range of 4.5-

7.5% for all the specimens.   

2) The major conclusion for the study are that 

low lime pond ash from NTPC 

Ramagungdam has greater potential to be 

used as a strong stowing material with the 

addition of lime and gypsum.  
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