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Introduction 

Concrete is a material often used in the construction 
of various civil engineering structures. Concrete has 
two major components– cement paste and 
aggregates. The cement paste consists of mixture of 
cement and possible pozzolonas along with water. 
The strength of concrete depends upon the strength 
of these components, their deformation properties, 
and the adhesion between the paste and aggregate 
surface. Concrete is the most important engineering 
material and the addition of some other materials 
may change the properties of concrete. Studies have 
been carried out to investigate the possibility of 
utilizing a broad range of materials as partial 
1replacements for cement and aggregates in the 
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production of concrete. Natural resources are 
continuously being depleted worldwide, while 
simultaneously the wastes thus generated from the 
industry are substantially increasing. Sustainable 
development for construction involves the use of 
non-conventional and innovative materials as well as 
the recycling of waste materials to compensate for 
the lack of natural resources and the discovery of 
alternative methods of environment conservation. 
The challenge for the civil engineering community in 
the near future is to realize projects in harmony with 
the concept of sustainable development and this 
involves the use of high performance materials and 
products manufactured at reasonable cost with the 
lowest possible environmental impact. 

The natural sources of river sand are getting 
depleted gradually. The demand for the protection of 
the natural environment and the ban on mining in 
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The natural sources of river sand are getting depleted gradually. Mining of sand also leads to various 
environmental hazards. The demand for the protection of the natural environment and the ban on 
mining in some areas is further aggravating the problem of availability of river sand. Bottom ash is a 
by-product of combustion of pulverized coal composed of mainly silica, alumina and iron with small 
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aggregates in concrete. An experimental program is planned in which controlled concrete of grade 
M40 is prepared. Fine aggregate is partially replaced with coal bottom ash by 10%, 20%, 30% and 
40% and the properties of concrete such as workability, compressive strength and flexural strength 
are evaluated. The test results of this research work indicate that coal bottom ash is a suitable 
material to be used as fine aggregates. Workability decreases with the increase in levels of sand 
replacement by coal bottom ash in concrete. Both, the compressive strength and flexural strength 
were not strongly affected upto 20% replacement level. Therefore, 20% of fine aggregates may be 
replaced with coal bottom ash and a concrete with good strength may be produced with coal 
bottom ash in concrete. 
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some areas is further aggravating the problem of 
availability of river sand. At present, the construction 
industry is plagued with the scarcity of this essential 
constituent material of concrete. Therefore, in the 
present circumstances of scant sources of river sand 
and boom in infrastructure development, it becomes 
essential and more significant to find out its 
substitute material in concrete. 

Hence worldwide research work was focused to find 
alternative use of this waste material and its use in 
concrete industry is one of the effective methods of 
utilization. Increase in demand and decrease in 
natural resource of fine aggregate for the production 
of concrete has resulted in the need of identifying a 
new source of fine aggregate. The possibility of 
utilization of thermal power plant by-product bottom 
ash as replacement to fine aggregate in concrete is 
taken into consideration. 

Bottom ash is a by-product of combustion of 
pulverized coal. This coal bottom ash is physically 
coarse, porous, glassy, granular, greyish and 
incombustible materials that are collected from the 
bottom of furnaces that burn coal. Lots of research 
has been carried out for effective utilization of fly ash 
in construction industries due to its fine particles and 
Pozzolonic properties. But little literature is available 
on bottom ash utilization. Bottom ash being coarser 
and less Pozzolonic than fly ash can be used as fine 
aggregates in concrete by partial replacement of 
sand. Particles of bottom ash range from fine sand to 
fine gravel. Bottom ash is composed of mainly silica, 
alumina and iron with small amounts of calcium, 
magnesium sulphate, etc. The appearance and 
particle size distribution of coal bottom ash is similar 
to that of river sand. These properties of bottom ash 
make it attractive to be used as fine aggregate in the 
production of concrete. The previous studies have 
also reported promising results on the use of coal 
bottom ash in partial or full replacement of river 
sand in concrete. 

Experimental Program 

An experimental program was planned to investigate 
the properties of concrete at fresh and hardened 
stage containing Coal bottom ash as a partial 
replacement of fine aggregate. 

Materials 

Sufficient quantity of the coarse aggregates, fine 
aggregate and cement was collected from local 
market. The cement used in this study is Ordinary 
Portland cement (OPC 43 grade) of brand Shree 
ultra, specific gravity of which is 3.13. Coarse 
aggregate of maximum size 20 mm is used and fine 
aggregate is confined to ZONE II. The specific gravity 
and fineness modulus of coarse aggregates is 2.66 
and 6.68 respectively and that of fine aggregate is 
2.63 and 2.53 respectively. Coal bottom ash is 
collected from Guru Gobind Singh Super Thermal 
Power Plant, Ropar, Punjab. The specific gravity of 
coal bottom ash used in the study is 1.71. Super 
plasticizer used in this study is Glenium – 51 which is 
based on modified polycarboxylic ether. Glenium was 
purchased from BASF INDIA LIMITED, Chandigarh. 

Methodology 

An experimental program was planned in which 
controlled concrete of grade M40 is designed, casted 
and tested for compressive strength after 28-days of 
curing. SEM-EDS analysis was conducted on the 
bottom ash to study the morphology and chemical 
composition. Five different mixes were prepared 
containing 0%, 10%, 20%, 30% and 40% bottom ash 
as partial replacement of fine aggregates. These 
mixes were tested for compressive strength and 
flexural strength after 28-days of curing. Slump tests 
were conducted for the workability of concrete to 
achieve 100 mm slump value by varying the dosage 
of super plasticizer. Cubes of sizes 150 x 150 mm for 
compressive strength and beams of 500 mm x 100 
mm x 100 mm for flexural strength were cast. All the 
specimens were water cured and tested after 28 days 
of curing. 

Mixture Proportions 

The mixture proportions of various concrete mixes 
are given in Table - 1. Concrete Mix Design for M 40 
Grade of Concrete was done as per IS 10262:2009 
and IS 456:2000. Fine aggregates were partially 
replaced with coal bottom ash by mass in concrete. 
Fixed quantities of cement and coarse aggregate i.e., 
415 kg/m3 and 1092.61 kg/m3 respectively were used 
in the manufacturing of all the concrete samples. 
Water cement ratio was kept constant, i.e. 0.38 for all 
the concrete samples.  
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Table -1: Detail of mix 

Mix 
Designation 

Bottom 
Ash (%) 

Fine 
Aggregates 

(kg/m3) 

Bottom 
Ash 

(kg/m3) 

MB0 0 782.27 0 

MB1 10 704.043 78.227 

MB2 20 625.816 156.454 

MB3 30 547.589 234.681 

MB4 40 469.362 312.908 

 

Results and Discussions 

In the present work, coal bottom ash is used as a 
partial replacement of fine aggregates. SEM-EDS 
analysis was carried out on the bottom ash to study 
the morphology and chemical composition of the 
bottom ash used. Slump test was performed on 
different mixes for the workability of concrete. 
Strength evaluation has been done based on the 
compressive strength test and flexural strength test 
for different concrete mix. The experimental set up 
for various tests and their results are described 
below:    

Scanning Electron Microscope (SEM) 

A scanning electron microscope (SEM) is a type 
of electron microscope that produces images of a 
sample by scanning it with a focused beam 
of electrons. The electrons interact with atoms in the 
sample, producing various signals that can be 
detected and that contain information about the 
sample's surface topography and composition. The 
most common SEM mode is detection of secondary 
electrons emitted by atoms excited by the electron 
beam. By scanning the sample and collecting the 
secondary electrons with a special detector, an image 
displaying the topography of the surface is created. 
SEM analysis was conducted on the bottom ash. 
Analysis reported the morphological characteristics 
of bottom ash by scanning electron micrograph in 
terms of the shape and surface characteristics of the 
particles.  Figure 1 clearly shows that bottom ash 
particles were angular and irregular in shape and had 
rough surface. The porous structure of the particles 
of bottom ash may also be observed. 

 

Figure 1: Morphology of bottom ash 

Energy-Dispersive X-Ray Spectroscopy (EDS) 

Energy-dispersive X-ray spectroscopy (EDS, EDX, 
or XEDS), sometimes called energy dispersive X-ray 
analysis (EDXA) or energy dispersive X-ray 
microanalysis (EDXMA), is an analytical technique 
used for the elemental analysis or chemical 
characterization of a sample. EDS analysis was done 
on the bottom ash and the chemical composition of 
bottom ash used in the study is described in Table – 
2 below. 

Table -2: Chemical Composition of Bottom Ash 

COMPOUND PERCENTAGE 

SiO2 35.13 

Al2O3 25.63 

MgO 0.54 

CaO 0.46 

FeO 1.50 

K2O 0.58 

 

Workability 

The workability of concrete mixtures was measured 
by performing slump test. The fixed quantity of water 
was added in all the concrete mixes and the dosage 
of super plasticizer was varied in every mix to achieve 
100 mm slump value. The test results show that 
slump values of bottom ash concrete mixtures 
decreased with the increase in levels of fine 
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aggregate replacement by coal bottom ash. The 
dosage of super plasticizer required for different 
concrete mixes to achieve 100 mm slump value and 
the variation of slump for different concrete mixes at 
1.2 % dosage of super plasticizer is shown in Table -3 
and Table -4 respectively. 

Table 3: Required dosage of super plasticizer to 
achieve 100 mm slump 

Mix Designation Required dosage (%) 

MB0 1.2 

MB1 1.3 

MB2 1.5 

MB3 2.2 

MB4 2.5 

 

Chart 1: Required dosage of super plasticizer to 
achieve 100 mm slump 

 

Table 4: Variation of slump for different concrete 
mixes at 1.2 % dosage of super plasticizer 

Mix Designation Slump value (mm) 

MB0 105 

MB1 95 

MB2 80 

MB3 40 

MB4 25 

Chart 2: Variation of slump for different concrete 
mixes at 1.2 % dosage of super plasticizer 
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Compressive Strength 

Compressive strength test was performed on 
standard cube of size 150 x 150 x 150 mm after 28 
days curing as per IS 516-1959. Specimens were 
taken out from curing tank at 28- days of water 
curing.  Surface water was then allowed to drip 
down. Specimens were then tested on 200 tones 
capacity Compression Testing Machine. The 
compressive strength is calculated by dividing the 
maximum compressive load by the cross sectional 
area of the cube specimens. The results are shown in 
Table -5.  

The compressive strength is calculated by the 
following formula: 

fcu = Pc/A  

Where,  

fcu = compressive strength of specimen, N/mm2        
Pc = Failure Load in compression, KN  

A = Loaded area of cube, mm2 

Table 5: 28-days Compressive Strength Results 

Mix Designation Compressive strength 
(N/mm2) 

MB0 47.92 

MB1 47.45 

MB2 46.52 
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MB3 45.92 

MB4 39.59 

 

Chart 3: 28-days Compressive Strength results 
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Flexural Strength 

Flexural  strength  test  was  performed  on  beam 

specimens  according  to  IS  516:1959.  Specimens 
were taken out from curing tank at 28- days of water 
curing.  Surface water was then allowed to drip 
down.  Standard  beams  of  size  500mm  x  100mm  x 
100mm  were  subjected  to  two  pints  loading  till 
failure of specimen. It was performed after 28 days 
of  curing on a  flexural  testing machine. The  results 
of Flexural strength test are given in Table ‐6. 

The Flexural Strength is given by,    

R =  

R= Modulus of Rupture or flexural strength (N/mm2) 

P=Maximum applied load (N) 

L= effective span between the supports (mm) 

b=width of the beam specimen (mm) 

Table 6: 28-days Flexural Strength Results 

Mix Designation Flexural strength (N/mm2) 

MB0 4.63 

MB1 4.62 

MB2 4.58 

MB3 4.33 

MB4 4.12 

 

Chart 4: 28-days Flexural Strength results 
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Conclusion 

The present experimental research work was carried 
out to evaluate the suitability of coal bottom ash as a 
partial replacement of fine aggregates in concrete. 
Experiments were conducted by replacing fine 
aggregates with coal bottom ash in varying 
percentages in concrete. Test results indicate that 
coal bottom ash is a suitable material to be used as 
fine aggregates. Based on the analysis of test results 
and discussion following conclusions can be drawn: 

 Morphology of the coal bottom ash shows 
irregular and a complicated texture of particles 
having rough surface resulting in the increase of inter 
particle friction, thus decreasing workability. 
 Workability decreases with the increase in levels 
of sand replacement by coal bottom ash because 
bottom ash is more porous; therefore absorb more 
water than sand. 
 A marginal decrease was observed, both in the 
compressive strength and flexural strength upto 20% 
replacement level. Therefore, 20% of fine aggregates 
may be replaced with coal bottom ash and a 
concrete with good strength may be produced with 
coal bottom ash in concrete. 
 A decrease in strength of concrete with the 
increase in levels of fine aggregate replacement by 
coal bottom ash is due to the replacement of the 
stronger material with the weaker material. 
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