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Abstract:  

The coal fired thermal power plants are the main source of production of coal bottom ash. The coal ash 

made from a mass of ash particles that are too large to be carried in the flue gases and fall through open 

grates to an ash hopper at the bottom of the furnace is called coal bottom ash (CBA). Bottom ash forms 

up to 25% of the total ash while the fly ash forms the remaining 75%. These particles are quite porous and 

look like volcanic lava. Coal bottom ash produced in large volumes by the coal fired thermal power plants 

is being dumped on land over the years which causes air pollution as well as is a threat to the living 

beings. 

My present research work presents the experimental investigation carried out to study the behavior of 

concrete using coal bottom ash at different replacement level of sand. As now-a- days construction work 

is increasing day by day all over the world, our natural sources are depleting at a rapid rate. So, to 

overcome this issue the present research was aimed to evaluate the potential of coal bottom ash as a 

partial replacement of sand in concrete by 0% , 10% , 20% , 30%, 40%, and 50% . In order to study the 

mechanical properties of concrete, M25 grade was fixed. Cubes, cylinders were casted and cured for 7 

and 28 days. Cubes are tested for compressive strength, cylinders for splitting tensile strength. These 

curing will give an economical as well as ecological way of their disposal and conserving the natural 

resources. Properties to be investigated are workability, setting times, Compressive Strength, Split tensile 

strength are presented. 

INTRODUCTION 

General 

Concrete is a mixture of various materials, 

consist of cement, fine aggregate, coarse 

aggregate and water which has emerged as a 

dominant construction material for the 

infrastructural and building needs. Concrete is 

probably the most extensively used construction 

material in the world. It is only second to water 

as the most heavily consumed substance with 

about six billion tones being produced every 

year.  

Waste material has gained attention among 

researchers as replacement to natural aggregate 

or cement in concrete making. The sense of 

using waste materials in concrete not only of the 

economic factor but the more significant aspect 

is to protect the environment since more solid 

waste are produced day by day. There are also 

some other benefit can expected to be gained in 

term of quality in concrete by using aggregate 

from waste products such as sustainability in 

construction. 
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Durability of concrete has been as interest in 

research field since the durability problem has 

largely affecting concrete for a long term 

performance. Repair work due to weakening of 

concrete also imposed considerable expense and 

economic impact due to the repair works has 

been a great concern. To be durable, the 

concrete mass must have high resistance to 

access of external damaging agent which would 

consequently lead to the breakup of the hardened 

mass. To have such resistance, the durability of 

the Concrete should be of primary design 

concern along with strength design criteria. 

Coal is one of the world's most important 

sources of energy, fuelling almost 40 percent of 

electricity worldwide. In many countries this 

figure is much higher: Poland relies on coal for 

over 97 percent of its electricity; South Africa 

for 92 percent; China for 77 percent; and 

Australia for 76 percent. In India, nearly 61% of 

power is made from coal based power plants.  

Two types of ash are produced at coal power 

plant of which fly ash is of 80 percent and 

bottom ash is of 20 percent. Most of them are 

being dumped as the waste disposal site near the 

factory. This will pollutes the environment and it 

is creating a disposal problem because a large 

space of dump yard is required. Lignite coal fly 

ash can be used as partial replacement of cement 

and is considered to be a medium value added 

usage. Lignite bottom ash consists mainly of 

calcium carbonate and silica.  

It is expected that bottom ash can be used as fine 

aggregate replacement in making concrete when 

natural sand is expensive to long carrying 

distance and has high clay content. Utilization of 

bottom ash as fine aggregate should be studied 

to alleviate the environmental problem. Disposal 

of unused coal ash is costly and places a 

considerable burden on the power industry, and 

finally transferred to the electricity consumer. In 

addition, the disposing of ash in landfills 

contributes to the ongoing problem of 

diminishing landfill space in the India. And at 

the same time, ash disposal may pose an 

environmental hazard. 

Coal Bottom Ash 

                 Bottom ash is a by-product of burning 

coal at thermal power plants. Bottom ash 

particles are much coarser than the fly ash. It is a 

coarse, angular material of porous surface 

texture predominantly sand-sized. This material 

is composed of silica, alumina, and iron with 

small amounts of calcium, magnesium, and 

sulfate Grain size typically ranges from fine 

sand to gravel in size. Chemical composition of 

bottom ash is similar to the fly ash but typically 

contain greater quantity of carbon.  

Bottom ash exhibits high shear strength and low 

compressibility. These engineering properties 

make bottom ash an ideal material in design 

construction of dam and for other civil 

engineering applications. Bottom ash also 

exhibits a relatively high permeability and grain 

size distribution that allows the design engineer 

to use it in direct contact with impervious 

material. Bottom ash has proved to be an 

economical material because it has demonstrated 

to have not only good engineering property but 

also to have constructability benefits. Bottom 

ash can be used as concrete aggregate or for 

several other civil engineering applications 

where sand, gravel and crushed stone are used. 

Government should encourage the use of bottom 

ash related products so that bottom ash can be 

used in huge quantities in many civil 

engineering construction purpose. 
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Fig.1.1:  Various Sizes of Coal Bottom Ash. 

 

Factors Affecting the Utilization of Coal ash: 

 Some of the factors due to which, utilization of 

coal ash is not increasing at desired rate are:  

•Lack of awareness of coal ash properties.  

•High transportation cost.  

•Non-availability of dry fly ash and bottom ash.  

•Lack of proper co-ordination.  

•Easy availability of top soil.  

•Variations in the quality of coal ash.  

Applications of Bottom ash: 

Ash has been investigated for its suitability for 

utilization in major areas as building material 

and other civil engineering sectors. The areas 

mentioned below have tremendous scope of 

large scale use of Bottom ash.  

•Building bricks and block. 

• Road construction, Drainage media and Sound 

insulating walls.  

•It is used in mining mortar in such application 

as rock stabilization or filling of cavities.  

•It is used as a construction material for highway 

and pavement.  

•It is used for pressure grouting in concrete 

highways and for other purposes viz, tunnel 

lining.  

•It is used as mineral filler in asphalt roads to 

minimize void content and increase the stability 

of bituminous wearing course during road 

construction.  

•It is used as a light weight synthetic aggregate 

in block and concrete.  

•It is used along with bottom ash as a growing 

media for plants.  

•In concrete, bottom ash is used as replacement 

of fine aggregate in which concrete has 

advantageous properties like improved 

workability, resistance to chemical attack.  

Advantages of Coal Bottom Ash  

Coal ash offers our society extraordinary 

environmental and economic benefits without 

harm to public health and safety when properly 

managed. Some are as follows: 

1.It reduce greenhouse gas emissions, 

2.It reduce the need for disposing in landfills, 

3.It reduces the usage of other materials, 

4.It reduces the cost associated with coal bottom 

ash disposal, 

5.Increase the revenue from the sale of coal 

bottom ash, 

6.It acts as replacement of other costly materials, 

7.It improves strength, durability and 

workability of materials, 
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8.It reduces its effect on environmental 

pollution, 

9.It can be used as unbound aggregate or 

granular base material for pavement 

construction, etc 

LITERATURE REVIEW 

Ghafoori and Bucholc (1996) observed that 

compressive strength of bottom ash concrete 

was lower than that of control concrete but with 

increased curing age compressive strength was 

almost same. The mean compressive strengths of 

bottom ash concrete were 30% and 25% lower 

than those of control concrete at the curing age 

of 3 days and 7 days respectively. This 

difference dropped to 17% and 7% at 28 days 

and 180 days curing age. When a low dosage of 

admixture was used, compressive strength of 

bottom ash concrete at all levels of cement 

content improved. Compressive strength of 

bottom ash concrete at the age of 28 days 

increased by nearly 20% than that of the mix 

produced without admixture and 

by 3.5% than that of control concrete. However 

when a high range water reducing admixture 

was used in combined mixture of 50% bottom 

ash and 50% natural sand, compressive strength 

surpassed those of control mixture. 

 Ghafoori and Bucholc (1997) found that 

compressive strength of combined bottom ash 

and sand mix was lower than that of control 

concrete. The average differences in 

compressive strength at the age of 3 days and 7 

days were 12% and 14.5% respectively. When 

high range water reducing admixture was used 

in combined mixture, compressive strength 

surpassed those of control sample at all levels of 

age. At 28 days of age the compressive strength 

increased by 24%. 

Jaturapitakkulet al. (2003) studied the potential 

of using bottom ash from the Mae Moh power 

plant in Thailand as pozzolonic material. He 

found bottom ash which was used in concrete 

due to its pozzolonic reaction, improved its 

quality by grinding until the particle size 

retained on sieve 325 was less than 5% by 

weight. Bottom ashes before and after being 

ground were investigated and compared for their 

physical and chemical characteristics. The 

bottom ashes were used to replace Portland 

cement in mortar and concrete mixtures. He 

found that the particle of bottom ash was large, 

porous and a regular shapes. The grinding 

process reduced the particle size as well as 

porosity of bottom ash. Compressive strengths 

of mortar containing 20 to 30% of bottom ash as 

cement replacement were much less than that of 

cement mortar at all edges, but use of ground 

bottom ash produce higher compressive strength 

than the cement mortar after 60 days. He used 

bottom ash at 20% replacement of cement to 

make concrete, the concrete with higher cement 

content produce higher percentage of 

compressive strength. He concluded that ground 

bottom ash could be used Bottom ash as a good 

pozzolonic material.  

Aramraks (2006) demonstrated that the 

compressive strength of 50% and 100% 

replacement bottom ash concrete was found to 

be approximately 20–40% lower than that of 

natural sand mixtures. 

RESEARCH ENVISAGED AND PLAN OF 

WORK 

Problem Statement 

 The developing interest for electricity 

came about inside the development of the 

numerous coal released power plants. The 

utilization of coal by force plants will build, 
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consequently will the gathering of coal by 

product like ash and bottom ash. While the 

usage of coal will expand, waste issues 

identified with coal creation are enticed extra 

mindfulness. Transfer of unused coal fiery 

debris is expensive and places a generous weight 

on the office exchange, and finally exchanged to 

the power customer. Moreover, the putting off 

slag in marshes adds to the proceeding with 

downside of diminishing landfill house. At the 

same, some of the studies demonstrated that the 

building properties of most base powder were 

extra great than those of antiquated course 

material and can possibly support black-top 

asphalt execution once acclimated substitute a 

portion of the mix in black-top blends. The 

standard method of blazing these buildups 

ordinarily makes natural issues, that creates 

contamination and it's denied by the 

surroundings Protection Act. In enduring by the 

principles, these deposits have turned out to be 

exorbitant to arrange. Contingent upon the 

brighter part of things, serious examination has 

given another methodology of advancing the 

utilization of coal buildups essentially based into 

worth extra item in industry.  

Scope of the Study 

 Bottom ash remains [normally perceived 

as coal combustion residues (CCRs) from fine 

fuel power stations] has been delegated strong 

trash. Be that as it may, CCRs are logically 

being thought to be useful substitute resources. 

The point of this study was to change the 

sensible utilization of this material as a 

substitute to the present issue. Direct utilization 

of this material with an outsized sum, can offer a 

response to dispose of this material, furthermore 

the chance as different materials in development. 

The study was directed to examine the 

aftereffect of substitution extremely shabby slag 

as fine blend (sand) in cement on compressive 

quality and aggregate consistency. 

Objective of the Study 

The main objectives for this research are: 

1.To study the impact of utilizing coal bottom 

ash on concrete as a substitute of sand, 

2.To decide the optimum content of coal bottom 

ash as a substitute for sand in cement, 

3.To assess the compressive quality of cement 

containing coal bottom ash from power plant as 

sand substitution in cement, 

4.To study the porosity of concrete containing 

coal bottom ash. 

MATERIALS AND EQUIPMENTS USED 

 

Test Program 

The test program is planned to investigate the 

properties of the materials and its behavior. The 

test program involves 

•Determination of essential properties of 

constituent materials principally cement, sand, 

coarse aggregates according to important Indian 

standard details. 

•Determination of the essential parameters 

required in outline like compressive strength, 

split tensile strength.  

Materials  

Cement, Fine aggregates, Coarse aggregates, 

water, Coal Bottom Ash and Super plasticizer 

are utilized as a part of throwing the cubes and 

cylinders of the specimen and the properties of 

these materials are said underneath, 
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Cement 

Ordinary Portland cement of 53 grade of Ultra 

Tech cement was utilized for the investigation. 

This cement is the most broadly utilized one as a 

part of the development business in India. 

The physical properties of cement as got from 

different tests are as given. All the tests were 

completed as per methodology set down in IS: 

12269-1987. 

The estimations of the physical properties of 

cement which are normal consistency test, 

fineness of cement test, compressive strength, 

specific gravity test,  

Fine Aggregate 

         The Fine aggregate conforming to Zone-2 

according to IS 383 was used. The fine 

aggregate used was obtained from a nearby river 

source. The sand obtained was sieved as per IS 

sieves (i.e. 2.36, 1.18, 0.6, 0.3, and 0.15mm). 

Sand retained on each sieve was filled in 

different bags and stacked separately for use. To 

obtain Zone-2 sand correctly, sand retained on 

each sieve is mixed in appropriate proportion 

according to the mix design and required 

quantity in which each size fraction is mixed  

 

Coarse Aggregate: 

         Crushed granite was used as Coarse 

aggregate. The coarse aggregate was obtained 

from a local crushing unit having 20mm nominal 

size. 20mm well graded aggregate according to 

IS 383 is used in this investigation. The coarse 

aggregate procured from quarry was sieved 

through the sieves of sizes 20mm, 16mm, 

12.5mm, 10mm and 4.75mm respectively. The 

material retained on each sieve was filled in 

bags and stacked separately 

 

Water 

Fresh and clean consumable water is utilized for 

casting the specimens a role as a part of the 

present examination. The water which is utilized 

is predominantly free from organic matter, 

sediment, oil, sugar, chloride and acidic material 

according to Indian standard. 

Super Plasticizer 

   Generally in order to increase the workability 

the water content is to be increased provided a 

corresponding quantity of cement is also added 

to keep the water cement ratio constant, so that 
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the strength remains the same as cement, being 

in fine state of division will have a tenancy to 

flocculate in wet concrete. This flocculation’s 

entraps certain amount of water used in the mix 

and there by all the water is not freely available 

to fluidity the mix. In the other way to avoid the 

use of excess quantity of water and cement, 

super plasticizer is used to fluidity the mix and 

improve the workability of concrete. Glenium 51 

is required to improve the workability.  

Coal Bottom Ash 

  The coal bottom ash was collected from 

National Thermal Power Plant, Ramagundam, 

Telangana, India, where 0.16 million tons of 

coal base fiery remains is created yearly and is 

arranged off in lakes spread over around 450 

sections of land. The coal bottom ash was 

screened to evacuate the larger than usual 

particles and the material going through 4.75 

mm sieve was utilized. 

 

TEST RESULTS AND 

DISCUSSIONS 

Compressive Strength: 

           The cube specimens were 

tested on compression testing machine of 

capacity 2000 KN. The bearing surface of 

the machine was wiped off clean and any 

loose other sand or other material removed 

from the surface of the specimen. Loading 

faces are made parallel. The specimen was 

placed in the machine in such a manner that 

the load was applied to opposite sides of the 

cubes. The axis of the specimen was 

carefully aligned at the center of the loading 

frame. The load applied was increased 

continuously at a constant rate until the 

resistance of the specimen to the increasing 

load breaks down and no longer can be 

sustained. The maximum load applied on the 

specimen was recorded. 

 

Effect of Coal Bottom Ash on 

Compressive Strength 

The test outcomes are given in table 

6.1, the maximum load at failure reading 

was taken and the normal compressive 

strength is computed utilizing the 

accompanying connection. 
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𝐶𝑂𝑀𝑃𝑅𝐸𝑆𝑆𝐼𝑉𝐸 𝑆𝑇𝑅𝐸𝑁𝐺𝑇𝐻

=
𝑈𝐿𝑇𝐼𝑀𝐴𝑇𝐸 𝐿𝑂𝐴𝐷

𝐴𝑅𝐸𝐴 𝑂𝐹 𝐶𝑅𝑂𝑆𝑆 − 𝑆𝐸𝐶𝑇𝐼𝑂𝑁
 

 

 

Here 0 to 50% of sand was supplemented with 

coal bottom ash. For controlled concrete, the 

compressive strength was observed to be 

19.23N/mm2, 31.54N/mm2 for 7 and 28 days 

respectively. The compressive strength test 

outcomes demonstrate that the quality 

advancement example of bottom ash concrete at 

all the levels of sand replacement with coal 

bottom ash is like that of control concrete. With 

the expanding curing age, the change in 

compressive quality of bottom ash concrete 

blends is persistent and noteworthy. The bottom 

ash concrete increases quality at a slower rate in 

the underlying period and obtains quality at 

quicker rate following 28 days because of 

pozzolanic activity of base cinder. At early age 

bottom ash remains responds with calcium 

hydroxide free amid hydration of bond and does 

not contribute altogether to the densification of 

solid network at early ages. It was watched that 

crack pattern in the cube specimen were framed 

arbitrarily and cracks are engendered through 

bottom ash remains molecule were as in 

controlled concrete the cracks are spread 

through coarse aggregates. 
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Split Tensile Strength 

Effect of Coal Bottom Ash on Split Tensile 

Strength 

The specimen of size 150 mm in diameter and 

length of 300 mm was casted and tested, for 7 

and 28 days, respectively. The test outcomes are 

given in table 6.2, the maximum load at failure 

reading was taken and the average split tensile 

strength is ascertained utilizing the 

accompanying connection. 

SPLIT TENSILE STRENGTH = 2P/πDL 
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The test outcomes demonstrate that 

consideration of coal bottom ash in concrete 

enhanced the split tensile strength of concrete at 

all the curing maturing. Coal bottom ash 

influences the part rigidity and compressive 

quality in an unexpected way. The split tensile 

strength of concrete is more reliant on the nature 

of the paste than compressive strength. The 

properties of fine aggregates additionally 

influence nature of paste and interfacial 

transition zone in the concrete, which influence 

the proportion of elasticity and compressive 

quality. The pozzolanic properties of CBA 

enhance the nature of the paste along these lines 

result in expansion in split tensile strength of 

concrete. At the early age, the nearness of pores 

in the paste of bottom ash concrete may have 

helped in obstructing the proliferation of breaks 

and expanding the split tensile strength. 

Conclusions 

•The possibility exists for the partial 

replacement of fine aggregate with bottom ash 

which is produced in thermal power plants. 

Bottom ash is compatible with the cement.  

•Use of bottom ash as fine aggregate can reduce 

the cost of construction materials and it is useful 

in environmental protection also. 

•With the utilization of coal bottom ash in 

concrete, water misfortune from draining 

diminished at all the substitution levels. 

•At the point when the bottom ash is utilized as a 

part of the concrete, the workability of existing 

is diminished because of the water request. This 

issue is unraveled by expanding the substance of 

Super plasticizer. 

•Compressive Strength of concrete is maximum 

at 20% replacement with a value of 21.25 

N/mm2, 33.21 N/mm2 at 7days and 28 days 

respectively and with further increase in the 

percentage of replacement there is decrease in 

the strength of concrete.  

•The split tensile strength of concrete is 

maximum at 20% replacement with a value of 

3.10 N/mm2 and 3.93 N/mm2 at 7 days and 28 

days respectively and with further increase in the 

percentage of replacement there is decrease in 

the strength of concrete. 

•At last, the utilization of coal bottom ash in 

concrete is prescribed as a different option for 
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fine aggregates in concrete but limited to 20% 

by weight of fine aggregate. 
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