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ABSTRACT 

 

Fly Ash (FA) is a by-product of the combustion of pulverized coal in electric power generation 

plants. When the pulverized coal is ignited in the combustion chamber, the carbon and volatile 

materials are burned off. Hence there is a need to reduce the production of cement. A good 

amount of research studies have been conducted for finding alternative building materials which 

can considerably save construction costs. . In the present study an attempt has been made to use 

Fly Ash in various percentages for partial replacement for cement. Now coming to the alternative 

products to replace the cement we can use industrial or agricultural waste which have the 

characteristics to improve the strength of concrete. One of the major wastes produced worldwide 

is Fly Ash. Fly Ash when burnt will be rich is silica content and is a good pozzolanic material. 

Hence it may be a good option to replace the cement in production of concrete, which reduces 

the cement production and problems in deposing Fly Ash. The paper presents the experimental 

investigation conducted on Fly Ash concrete to evaluate the compressive, split tensile strength 

and flexural strength in residual strength, ductility, initial stiffness, and rotation capacity. In the 

preparation of high volume Fly Ash concrete, and cement was replaced at various percentage 

levels such as 50% and 60% and control concrete was also prepared for comparison purpose 

were prepared. With the maximum compressive strength of concrete cube we casted a beam of 

1200mm length 200mm depth and 150mm width, with this we calculated a Ductility, Stiffness 

and Residual strength with  basics tests on mortar and concrete were conducted and obtained for 

different proportions. 

 

INTRODUCTION 

1.1 GENERAL 

Fly ash (FA) is a by-product of 

the combustion of pulverized coal in electric 

power generation plants. When the 

pulverized coal is ignited in the combustion 

chamber, the carbon and volatile materials 

are burned off. However, some of the 

mineral impurities of clay, shale, feldspars, 

etc., are fused in suspension and carried out 

of the combustion chamber in the exhaust 

gases. As the exhaust gases cool, the fused 

materials solidify into spherical glassy 

particles called fly ash.  

Fly ashes generally fall into one 

of two categories, depending on their origin 

and their chemical and mineralogical 

composition. Combustion of anthracite or 

bituminous coal generally produces low-

calcium fly ashes, high calcium fly ashes 

result from burning lignite or sub-

bituminous coal. Both types contain a 

preponderance of amorphous glass. 

In addition, low-calcium fly 

ashes usually contain quartz, mullite, 

hematite and magnetite, while high-calcium 

ashes contain quartz, lime, mullite, 

gehlenite, and anhydrite and cement 

minerals such as C3A and C2S. Both types 

of fly ash have pozzolanic properties, but 

high-calcium fly ashes also exhibit 

cementitious properties. 

Due to the fusion-in-suspension 

these fly ash particles are mostly minute 

solid spheres and hollow cenospheres with 

some particles even being plerospheres, 
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which are spheres containing smaller 

spheres. The size of the fly ash particles 

varies butt ends to be similar to slightly 

larger than type I Portland cement. The fly 

ash is collected from the exhaust gases by 

electrostatic precipitators or bag filters. 

Chemical makeup of fly ash is primarily 

silicate glass containing silica, alumina and 

iron. 

In addition it has a pozzolanic 

property; a pozzolan is a siliceous or 

alumino siliceous material that, in finely 

divided form and in the presence of 

moisture, chemically reacts with the calcium 

hydroxide released by the hydration of 

Portland cement to form additional calcium 

silicate hydrate and other cementitious 

compounds. The hydration reactions are 

similar to the reactions occurring during the 

hydration of Portland cement. Thus, 

concrete containing fly ash pozzolan 

becomes denser, stronger and generally 

more durable long term when compared to 

straight Portland cement concrete mixtures. 

Generally speaking, currently in 

the concrete industry, the percentage of fly 

ash as part of the total cementing materials 

in concrete normally ranges from 15 to 25%, 

although it can go up to 30-35% in some 

applications. The use of fly ash in concrete 

will improve some aspects of the 

performance of the concrete provided the 

concrete is properly designed. Therefore a 

common reason for using fly ash in concrete 

is to achieve the needed compressive 

strength at lower cement content. The well 

known information show that the 

replacement of Portland cement by fly ash 

on a one-for-one basis, either by volume or 

weight, results in lower compressive 

strengths at ages up to about 3 months, but 

greater strengths develop at 6 months and 

beyond. 

The high-volume fly ash 

concrete is one specific type of fly ash 

concrete with higher fly ash contents, lower 

water-to-cementitious materials ratio 

(W/CM), and lower cement contents. This is 

to take full advantages of the increased 

workability and durability provided by fly 

ash and lower W/CM, and to produce a 

more environmentally friendly concrete by 

reducing its cement content. The main 

difference between the High-Volume Fly 

Ash Concrete (HVFAC) and the usual fly 

ash concrete is that in the concrete, the 

amount of ordinary Portland cement is 

minimized through proper mixture 

proportioning using large amounts of fly ash 

and judicious selection of materials and 

chemical admixtures while maintaining, and 

often improving its performance as 

compared to conventional concrete. There is 

no fixed percentage of ordinary Portland 

cement to replacement by fly ash in this type 

of concrete, but in many cases, percentages 

of 50 and above % were found to be usable. 

To produce a workable concrete at such low 

W/CM, the use of super plasticizer is most 

of the time, essential. 

 

REVIEW OF LITERATURE 

 

2.1 GENERAL 

 

 The literature survey was 

carried out and it was found that almost all 

the researchers have concentrated utilisation 

of fly ash as a partial replacement of cement 

in ordinary Portland cement concrete. A 

detailed overview of the fly ash carried for 

the various test compressive strength, split 

tensile strength, deflection etc, are discussed 

the specific conclusion drawn from the 

various experimental studies are 

summarized in the following studied. 

2.2 LITERATURE REVIEW 
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 Salahaldein Alsadey et al in, 

(2012). This paper was conducted to study 

the effect of super plasticizer on properties 

of concrete with characteristic strength of 30 

N/mm2. The properties investigated were 

workability (Slump), and compressive. From 

the results of the study the workability of 

concrete can be increased by addition of 

super plasticizer.  However, very high 

dosages of SP tend to impair the 

cohesiveness of concrete. Slump loss can be 

reduced by using the chemical admixtures. 

However, effectiveness is higher for super 

plasticizer concrete.  Compressive strength 

is improved by SP compared with control; 

On the other hand, even its ultimate strength 

is higher than the desired characteristic 

strength. 

Vanita Aggarwal, (1996). This 

paper described that incorporating fly ash in 

concrete reduces the compressive strength at 

early ages but there is a drastic increase in 

the compressive strength at later ages. The 

early strength is reduced further if the 

percentage of replacement is increased. But, 

on the other hand when the percentage of 

replacement is increased the water/ binder 

ratio gets reduced, thereby, increasing the 

later age compressive strength. Also, it is 

observed that the later age strength of 

concretes having more than 40% 

replacement of cement by fly ash suffers 

adversely though water/ binder ratio is 

gradually reduced. For concretes with less 

than 40% replacement of cement, the 

characteristic strength at 28 days is on 

higher side. Whereas, for concrete with 40% 

replacement of cement, the 28 days strength 

at 90days or later.  The reason may be 

understood as explained by Rao and Vimal 

[1996]43 that water /binder ratio, quality of 

cement and the age of curing are inter-

related and effects high strength of concrete. 

EXPERIMENTAL RESULTS AND 

DISCUSSIONS 

4.1 GENERAL 

The fresh and hardened concrete 

properties of different cement content such 

as 300 kg/m3, 350 kg/m3, 400 kg/m3 were 

studied in detail. The mechanical properties 

of all the concrete mixes with F/C ratio 

ranges between 0.6 & 0.7 and W/C @ 0.32 

for all concrete mixes with and without fly 

ash are described in this chapter. Also the 

mechanical properties such as Compressive 

strength, Split tensile strength, Flexural 

strength of beam and reinforced concrete 

beam for optimum Compressive strength of 

cube for 400 kg/m3 F/C=0.6 were discussed 

with reference to different cement content 

and F/C ratio. 

4.2 COMPRESSIVE STRENGTH OF 

MORTAR CUBE 

Compressive test of cement 

mortar with and without fly ash with 

different percentage of fly ash. Table 6.1 

and graph 6.1 compare to control mix the fly 

ash concrete shows the high compressive 

strength. 

At 7 days the 50% of 

replacement of cement shows the high 

compressive strength of 35 N/mm2. 

Compare to 70% of replacement of fly ash 

shows the lowest compressive strength of 28 

N/mm2 at 7 days is given in Table 4.1. 

 

Table 4.1 Average Compressive Strength 

of Cement Mortar Cubes 

SI.N0. Description 

of mortar 

cubes 

Average 

Compressive 

strength of cement 

mortar cubes 

(N/mm2) 

3 Days 7 Days 
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1 Control 

concrete 

4.8 5.68 

2 50% Fly 

Ash 

5.42 6.22 

3 60% Fly 

Ash 

4.98 5.87 

4 70% Fly 

Ash 

2.31 4.98 

 

 

              
Fig. 4.2 Cubes during Testing 

 

 

 

 

 

 

 

 

CHAPTER 6 

 

CONCLUSIONS 

 

Experiments were conducted as narrated in 

chapter 4 and chapter 5 find out the 
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mechanical properties of concrete mixtures 

with and without fly ash and conducting 

Compressive strength, Split tensile and 

Flexural strength. 

The following conclusions have 

been drawn based on the experimental 

investigation carried out on concrete 

mixtures with and without fly ash 

i) The fineness of fly ash tends 

to increase the amount of 

super plasticizers needed for 

the high volume fly ash 

concrete in order to achieve 

the theological properties 

ii) At 28 days the Compression 

Strength for 400kg/m3, 

F/C=0.6 for 60% replacement 

of HVFA concrete is 8.09% 

reduced compared to 

conventional cube 

iii) At 28 days maximum 

Compression Strength for 

60% replacement of HVFA 

concrete at 400kg/m3 at 

F/C=0.6 is 27.01N/mm2  

iv) At 28 days the Split Tensile 

Strength for 400kg/m3, 

F/C=0.6 for 60% replacement 

of HVFA concrete is 5.0% 

increased compared to 

conventional cylinder 

v) At 28 days maximum Split 

Tensile Strength for 60% 

replacement of HVFA 

concrete at 400kg/m3 at 

F/C=0.6 is 2.29N/mm2  

vi) At 28 days the Flexural 

Strength for 400kg/m3, 

F/C=0.6 for 60% replacement 

of HVFA concrete is 11.0% 

reduced compared to 

conventional beam 

vii)  At 28 days maximum 

Flexural Strength for 60% 

replacement of HVFA 

concrete at 400kg/m3 at 

F/C=0.6 is 3.20N/mm2  

viii) At 14 days the maximum 

deflection of HVFA concrete 

is 31.9% is reduced compared 

to conventional beam 

ix) Load factor for HVFA at 

60% replacement is 0.72 for 

14 days 

x) At 14 days the residual 

strength of HVFA concrete is 

14% is reduced compared to 

conventional beam 

xi) At 14 days the ductility of 

HVFA concrete is 55.7% is 

reduced compared to 

conventional beam 

SUGGESTION FOR FURTHER 

STUDIES 
a) A detailed study may be 

taken to arrive a suitable 

mix design of fly ash 

concrete with 

replacement level to 

assess the hardened 

properties 

b) A detailed investigation 

may be done on micro 

structural characteristics 

to study the paste 

aggregate interaction 

c) The effect of fly ash in 

reinforced cement 

concrete and flexural 

members to assess the 

failure mode, bond 

characteristics of rebar, 

crack spacing and 

ultimate strength 
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d) Other concrete properties 

such as drying shrinkage, 

pore size distribution, 

heat of hydration, 

transition zone 

characteristics of high 

volume fly ash concrete 

mixture need a detailed 

study  
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