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Abstract: The construction Industry depends heavily on 

energy-intensive materials and resources. Production of 

huge amount of industrial waste is one of the most severe 

problem of this entire world. The problem related with the 

disposal of waste materials can be minimize by using the 

waste materials in effective manner. Fly ash is one such 

material which is a by-product of thermal power stations. 

For the disposal of fly ash very large area is needed which 

affects the environment adversely. Disposal of large 

quantity of fly ash from thermal power plants grasp large 

quantity of natural resources. So, the problems regarding 

their proper management and disposal has become a major 

task to environmentalists and scientists. Fly ash has several 

uses in construction sector like brick making, fill material 

in concrete, in road construction, production of mosaic tile, 

waterproofing etc. based on its properties and requirements 

in exposure conditions. This paper review the various 

properties and applications of fly ash in construction 

industry in recent times. 
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1. Introduction 

By doing research and innovation the overall economy in the 

construction sector can be archive, which is the need in the 

current world especially to archive the desired sustainability. 

The effective actions are needed in all economic sectors to 

optimize the natural resource, to minimize the waste and to 

provide the effective solutions to various environmental 

challenges [1]. Large amount of waste materials is produced 

by India as we generally see in most of the countries which 

has big industries. In the year of 2016-17 about 170 million 

tons of Fly Ash (FA) has been generated by India and which 

is increasing day by day. The disposal problem of such a 

waste materials is the real challenge for the country and 

worldwide. Construction industry can provide some 

alternatives and suggestions for recycling industrial wastes 

like Fly ash and other industrial wastes [2]. 

This paper focus primarily on deciding the areas in 

construction industry where possibly fly ash can be used 

effectively. Be dependent on the properties of fly ash, many 

areas of usage are there in the construction industry, which 

are  in industry of cement, in industry of ceramic, in industry 

of agriculture, in industry of paint, in industry of plastic and 

construction were shown in related literature [3]. 

 

 

2. About fly ash 

The following table 1 shows the Physical Properties of Fly 

ash and table 1 shows the Chemical composition of Fly ash 

based on different coals. 

Table 1: Physical Properties of Fly ash 

Parameters Description 

Appearance Dark grey to black colour 

Particle shape Spherical 

Particle size Between 10 to 100 micron 

Specific Gravity 1.91 – 2.95 

Source: https://theconstructor.org [12] 

Table 2: Chemical composition of Fly ash based on 

different coals 

Component 
Bituminous 

Coal 

Sub 

bituminous 

Coal 

Lignite 

Coal 

SiO2 (%) 18-61 42-65 13-40 

Al2O3 (%) 5-36 18-33 20-25 

Fe2O3 (%) 10-41 5-12 5-13 

CaO (%) 1-15 5-25 15-38 

LOI (%) 0-13 0-4 0-6 

Source: https://theconstructor.org [12] 

According to American Society for Testing and Materials 

(ASTM) C618 Fly ash is generally classified in two 

categories: 

Class F Fly ash: This has relatively low CaO content. 

Approximately less than 20% 

Class C Fly ash: This has relatively high CaO content. 

Approximately more than 20% 

The following table 3 shows the Production and use of Fly 

ash in the period of 1996-2000 to 2016-17. 
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Table 3: Production and use of Fly ash in the period 

of 1996-2000 to 2016-17 

Sr. 

No. 
Year 

Generation of  

Fly Ash 

(in Million 

ton) 

Use of  

Fly Ash 

(in 

Million 

ton) 

% Use 

1 
1996 - 

2000 
77.25 9.34 11.97 

2 
2001 - 

2005 
93.65 29.47 30.91 

3 
2006 -

2010 
129.27 66.02 55.87 

4 
2011 - 

2015 
168.55 99.10 58.83 

5 
2016 -

2017 
169.24 107.11 63.27 

Source: Vidat Choudhary et al., 2017[10] 

From1996-97 to 2016-17 it has been observed that there is 

increase in generation of fly ash and so as the use of fly ash 

which has been observed 9.62% in 1996-97 and increase up to 

63.27% in 2017. 

 

Fig. 1 Use of Fly Ash  

Source: Annual report of Central Electrical Authority 2016-

2017 

Fig. 2 % Utilization of fly ash 

Source: Annual report of Central Electrical Authority 2016-

2017 

3. Critical Literature Review 

Literature review is the core of the review paper. Following 

are some literature review from various national and 

international journal on use of fly ash in concrete in different 

ways. 

Abdullah Mofarrah et al. (2013) has performed a study on 

the possible use of Heavy oil fly ash (HOFA) in form of black 

colouring agent or as an admixture in cement mortar in order 

to produce ornamental brick. HOFA is added in the mortar to 

study the change in the strength, the authors has performed 

compressive strength test on 50 mm cube specimens. After the 

test he conclude, if 2-5% of HOFA is added in the mortar it 

has no effect on the strength of the mortar. Furthermore he 

also derive that HOFA can be used in form of black colouring 

agent in case of ornamental brick. This brick gives good 

balance between colour and the characteristics of brick. But 

he also recommended that the further studies are required 

about the quality and durability of the colour on the brick. [2] 

M. A. Dalhat et al. (2013) has examine that how different 

waste materials are effecting on the physical characteristics 

and on the waterproofing asphalt as well as roofing asphalt’s 

performance. The authors has taken various waste materials 

like cement kiln dust (CKD), limestone dust (LSD), heavy 

oil fly ash (HOFA) as well as coal fly ash (CFA). After 

performing the statistical analysis of the asphalt physical test 

as per the American Society of Testing and Materials 

(ASTM D 332 and ASTM D 449) specifications they 

concluded that Heavy Oil Fly Ash is more effective than the 

other three fillers which increases the viscosity or reduces the 

penetration and ductility asphalt. [5] 

Tayfun Cicek et al. (2015) has manufactured high thermal 

insulating, light-weight cylindrical bricks by using the fly ash 

and lime. The production of bricks has been done with the 

use of steam curing and autoclaving process. After the 

experiment the heat conductivity of the bricks was found to 

be 0.225 W m
-1

 K
-1 

which is similar to the autoclaved cellular 

concrete and higher than the clay bricks. [9] 

Wei She et al. (2015) has used the coarse fly ash in the foam 

concrete to know its impact on durability, workability, 

strength and shrinkage performances of the foam concrete. 

After examine the quantitatively in situ monitor the water 

transfer behaviour and microstructure of the foam concrete 

by X-ray Computed Tomography (XCT) method the authors 

have concluded that FAc gives more consistency due to its 

higher surface area and spherical shape as compared to sand. 

The partial replacement of sand with FAc gives higher 

compressive strength, reduce the evaporation rate, and 

increase the drying shrinkage and water. Foam concrete 

minimize the settlement and reduce the load on the soft 

ground as well. [11] 

 

Menglim Hoy et al. (2016) has used Fly ash based 

geopolymer concrete and Recycled Asphalt Pavement (RAP) 

as a construction material for the road. Sodium hydroxide 

(NaOH) and sodium silicate (Na2SiO3) has been used as an 

alkaline activators in GPC. For measuring the strength 

Unconfined Compression Strength (UCS) has been used for 

both Recycled Asphalt Pavement (RAP)-FA geopolymer and 
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Recycled Asphalt Pavement (RAP)-FA mix. The 

development of UCS has been analyzed by X-ray Diffraction 

(XRD) analyses and Scanning Electron Microscopy (SEM). 

After the experiment authors have concluded that Recycled 

Asphalt Pavement (RAP) -FA blends and Recycled Asphalt 

Pavement (RAP)-FA geopolymers can be effectively utilized 

as alternative stabilized pavement materials because their 

UCS values are satisfy the specified strength requirements. 

[6] 

 

Jose L. Pastor et al. (2016) has performed the comparative 

study between OPC cement grouts and fly ash cement grouts 

in micropiles. The grouts for various w/c ratios has been 

prepared like 0.400, 0.450, 0.500 and 0.550.they were 

studied for the time period of 2 up to 90 days. The 

compressive strength test and their durability properties by 

rectifying the chloride diffusion coefficient and the water 

penetration under pressure has also been studied. After the 

experiment the authors concluded that FA grouts provide 

good resistance against entrance of the chlorides, lower 

penetration of aggressive matters and reduces the porosity 

which ultimately increases the durability of micropiles. [3] 

S. Jeeva Chithambaram et al. (2016) has prepared 12 

numbers of the simply supported slab panels, 6 numbers 

using conventional ferrocement mortar of 1:3 and other 6 

numbers ferrocement mortar having 15% of fly ash including 

bamboo strips. The slab panel size are 470 mm x 940 mm 

having the thickness of 50 mm and 40 mm. All slab panels 

has been tested after 28 days under uniformly distributed 

load (UDL). The results of experiment shows that the 

experimental ultimate load capacity was 3 times of 

theoretical ultimate load capacity for the slabs having FA and 

bamboo strips where for the slabs with the conventional 

mortar the theoretical ultimate load capacity and the 

experimental ultimate load capacity was found to be nearly 

the same. [8] 

Jumah Musdif Their et al. (2018) has studied the 

compressive strength and transport properties of which 

presents the effect of Geopolymer concrete which has been 

made with sodium hydroxide concentration of 12 Molarity 

and it contains steel fibre (SF), nano-silica (NS) and cold-

bonded fly ash aggregates. The analysis transport properties 

of GPC has been done through gas permeability, water 

sorptivity and water penetration on 28 and 90 days. After the 

experiment the results shows that GPC which has cold-

bonded fly ash aggregate can achieve high compressive 

strength like 28.22 and 36.63 at 28 and 90 days. Further the 

study shows that 1% steel fibre and 2% nano silica were 

most noticeable substance which gives remarkable 

improvement of archived properties. [4] 

A. R. Esquinas et al. (2018) has performed a comparison 

study by developing 3 different mix for the self-compacting 

concrete (SCC). A commercial siliceous filler (SF) has been 

utilized in the 1
st
 mixture (SCC - 1). A combination non-

conforming fly ash (NCFA) and siliceous filler (SF) has been 

used in the 2
nd

 mix (SCC - 12) and in the 3
rd

 mixture only 

non-conforming fly ash (NCFA) has been used. After 

performing the experiments the authors concluded that (i) 

The densities of SCC - 12 (2.422 kg/dm
3
) and SCC - 2 

(2.398 kg/dm
3
) was found a little less than SCC - 1 

(2.443kg/dm
3
), because of the fineness of SF particles with 

respect to the NCFA. (ii) For all mix the UPV values are 

higher than 4.51 km/s. (iii) By replacing SF by NCFA by its 

volume an SCC of good mechanical properties can be 

obtained. [1] 

The following table 4 shows the literature review papers and 

its comparison. 

4. Conclusion  
From the above literature reviews following conclusion can 

be made 

1) Fly ash has common use in cements, fly ash based 

concretes and fly ash bricks apart from that fly ash has a 

wide scope of usage in other areas also in construction 

industry due to its suitable physical and chemical 

properties as a sustainable alternative for various 

construction material. 

2) As per the literature study fly ash can be effectively 

utilized in stabilization of expansive soils, in 

ferrocements, in foam concrete, as a grout in the 

micropiles, in self-compacting concrete, in production of 

light weight building bricks, in pavements and road basis, 

heavy oil fly ash (HOFA) used for waterproofing and 

roofing materials as well as a colour ingredient in cement 

mortar. 

3) It has been observed that fly ash improves various 

properties of that particular final product like it increases 

in Compressive strength, increase in bonding properties, 

chemical resisting properties etc.  

4) By using the waste material such as fly ash a challenging 

environmental problem such as disposal of toxic waste 

materials can be solved. Moreover, the economy also can 

be achieved in construction sector by using various waste 

materials such as fly ash in for various purposes. 
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Table 4: Literature Review Papers and its Comparison 
Sr. 

No. 

Author Name 

(year) 

Material 

used 

Product /Application Observations Benefits 

1 Abdullah 

Mofarrah et al. 

(2013) 

Heavy Oil Fly 

ash 

(HOFA) 

As a black colouring 

agent or admixture in 

cement mortar to 

produce ornamental 

brick 

 By adding of 2–5 % of HOFA 

in cement mortar does not 

affects the strength. 

 HOFA can be utilized as a 

black colour pigment in 

ornamental bricks. 

 Safe bricks regarding to 

environment. 

 Give good balance between 

colour and brick 

characteristics. 

2 M. A. Dalhat et 

al. (2013) 

HOFA, Coal 

FA, limestone 

dust, cement 

kiln dust 

In roofing asphalt and 

waterproofing asphalt. 
 HOFA is more effective than 

the remaining other three fillers 

in increasing the SP and 

viscosity. 

 HOFA improves the physical 

properties and performance 

of asphalt for roofing as well 

as asphalt for waterproofing. 

3 Tayfun Cicek 

et al. (2015) 

Fly ash and 

lime 

Light-weight, high 

thermal insulating 

cylindrical bricks 

 The property of heat 

conductivity of the bricks 

was found to be 0.225 W 

m-1 K-1. 

 The heat conductivity is 

similar to the autoclaved 

aerated concrete and higher 

than the clay bricks. 

4 Wei She et al. 

(2015) 

Coarse fly ash In foam concrete  The strength of sand/FA block 

was found to be greater than the 

FA blocks. 

 Increase in drying shrinkage as 

well as in the water absorption 

 Improve strength, 

workability, evaporation rate. 

 Settlement of the soft 

foundation and loading on 

the soft ground can be 

minimize by using Foam 

concrete. 

5 Menglim Hoy 

et al. (2016) 

Fly ash 

geopolymer 

Recycled Asphalt 

Pavement 
 Unconfined Compression 

Strength of Recycled Asphalt 

Pavement - FA geopolymer is 

increases when the 

NaOH/Na2SiO3 ratio decreases. 

 Compacted Recycled 

Asphalt Pavement -FA 

mix can be used in base 

course. 

6 Jose L. Pastor 

et al. (2016) 

Fly ash and 

OPC 

As grouts for micropiles  Resistance against entrance of 

chlorides. 

 Lower penetration of 

aggressive substances. 

 Reduction in porosity. 

 Increases the durability of 

micropiles. 

7 S. Jeeva 

Chithambaram 

et al. (2016) 

Fly ash, 

ferrocement, 

bamboo strips 

 

In ferrocement slab 

panels 
 With addition of FA and 

bamboo strips in ferrocement 

experimental results are nearly 

3 times more than the 

theoretical results. 

 Improvement in crack 

resistance in the slab can be 

achieved by adding of FA 

and bamboo strips in 

ferrocement. 

 

8 P. P. Dahale et 

al. (2017) 

Fly ash and 

hydrated lime 

In soil stabilization of 

clayey soil 
 Fly ash effectively improves 

the strength of clayey soil when 

it is added up to 25% by soil 

weight. 

 Fly ash and hydrated lime 

can be productively used for 

effective soil stabilization. 

9 Jumah Musdif 

Their et al. 

(2018) 

Nano silica  

steel fibre (SF) 

, Cold-bonded 

fly ash 

aggregate 

Fly ash based GPC  When cold-bonded fly ash 

aggregate is used in GPC it 

achieves higher compressive 

strength. 

 By adding 1% SF and 2% NS 

better performance of GPC can 

be obtained. 

 Higher compressive strength 

can be achieved by using NS 

and SF in GPC. 

 Incorporation of waste 

materials can minimize the 

environmental problems. 

10 A. R. Esquinas 

et al. (2018) 

Non-

conforming fly 

ash (NCFA) 

and Natural 

siliceous filler 

(SF) 

In self compacting 

concrete (SCC) 
 During the curing of SCC 

Pozzolanic reactions was 

observed. 

 Due to larger size of particles 

Shrinkage in the NCFA mix 

was observed to be low. 

 SCC obtain by replacing SF 

by NCFA has good 

mechanical behaviour. 

 

 

 


