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Abstract— Fly ash, the granular particulate waste material 

produced by the pulverized coal-based thermal power 

station, is an environmental pollutant, it has a potential to be 

a resource material. Ever since its use in the building of 

concrete dams in the 1940s by U. S. Bureau of Reclamation, 

fly ash started being accepted as a building material, which 

can be used to restore part of the cement in concrete. With 

increasing research, use and experience, fly ash is now 

accepted by many as an ingredient, which must be used in 

making concrete having satisfactory strength, load–carrying 

capacity and sturdiness. Use of fly ash requires checking the 

class of fly ash, detail data of properties, extensive 

experimental work results etc. 
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I. INTRODUCTION 

Fly ash is a byproduct of flashing pulverized coal in electric 

power generating plants. During combustion, mineral 

impurities in the coal (clay, feldspar, quartz, and shale) fuse 

in suspension and float out of the combustion chamber with 

the exhaust gases. As the fused material rises, it cools and 

solidifies into orbicular glassy particles called fly ash. Fly 

ash is collected from the exhaust gases by electrostatic 

precipitators or pack filters. The fine powder does resemble 

portland cement but it is chemically distinct. Fly ash 

chemically reacts with the byproduct calcium hydroxide 

released by the chemical reaction between cement and water 

to form additional cementitious products that improve many 

desirable properties of concrete. All fly ashes exhibit 

cementitious characteristics to varying degrees depending 

on the chemical and physical properties of both the fly ash 

and cement. Compared to cement and water, the chemical 

reaction between fly ash and calcium hydroxide typically is 

impeded resulting in delayed hardening of the concrete. Late 

concrete hardening coupled with the variability of fly ash 

characteristics can create significant hurdles for the concrete 

producer and finisher when placing steel-troweled floors. 

Two types of fly ash are commonly used in 

concrete: Class C and Class F. Class C are often high-

calcium fly ashes with carbon content less than 2%; 

whereas, Class F is generally low-calcium fly ashes with 

carbon contents less than 5% but sometimes as high as 10%. 

In general, Class C ashes are produced from burning sub-

bituminous or lignite coals and Class F ashes bituminous or 

anthracite coals. Performance properties within Class C and 

F ashes vary depending on the chemical and physical 

properties of the ash and how the ash interacts with cement 

in the concrete. Many Class C ashes when exposed to water 

will react and become hard just like cement, but not Class F 

ashes. Most, if not all, Class F ashes will only react with the 

byproducts produced when cement reacts with water. Class 

C and F fly ashes were adopted in this research project. 

Currently, more than 50% of the concrete laid in 

the U.S. contains fly ash. Dosage rates vary depending on 

the type of fly ash and its reactivity level. Typically, Class F 

fly ash is used at dosages of 15% to 25% by mass of 

cementitious corporeality and Class C fly ash at 15% to 

40%. However, fly ash has not been used in the interior, 

steel-troweled slabs because of the constitutional problems 

or challenges associated with fly ash variability and delayed 

concrete hardening. Rate and uniformity of concrete 

hardening are crucial parameters in establishing the 

window-of-finish ability and can influence directly the 

quality of final floor finish. Delayed or non-uniform 

concrete hardening significantly boosts the risk of premature 

or improper finishing resulting in poor quality steel-troweled 

finishes. Until now, building owners, concrete suppliers, and 

finishers have been loath to replace cement with fly ash in 

steel-troweled floors because of the elevated risks associated 

with the fly ash. These risks include surface stickiness, 

delayed concrete hardening, and early volume shrinkage 

cracking caused by late setting. 

II. EXPERIMENTAL WORK 

A. Properties of Fly Ash 

Fly ash is typically granular than Portland cement and lime. 

Fly ash consists of silt-sized shreds which are generally 

spherical, typically ranging in size between 10 and 100 

microns. These miniature glass spheres increase the fluidity 

and workability of fresh concrete. Fineness is one of the 

important characteristics offering to the pozzolanic 

reactivity of fly ash. 

 
Table 1: Sample Oxide Analyses of ash & Portland cement 

Fly ash consists primarily of oxides of silicon, 

aluminium iron and calcium. Magnesium, potassium, 

sodium, titanium, and sulfur are also present to a 

subordinate degree. When used as a mineral admixture in 

concrete, fly ash is categorized as either Class C or Class F 

ash based on its chemical composition. American 

Association of State Highway Transportation Officials 

(AASHTO) M 295 [American Society for Testing and 

Materials (ASTM) Specification C 618] defines the 

chemical combination of Class C and Class F fly ash. 

Class C ashes are generally reaped from sub-

bituminous coals and consist primarily of calcium alumino-

sulfate glass, as well as quartz, tricalcium aluminate, and 

free lime (CaO). Class C ash is also associated with as high 

calcium fly ash because it typically contains more than 20 

percent CaO. 

Class F ashes are typically reaped from bituminous 

and anthracite coals and consist primarily of an alumino-

silicate glass, with quartz, mullite, and magnetite also 

present. Class F, or low calcium fly ash has less than 10 

percent CaO. 
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Colour- Fly ash can be tan to dark grey, depending 

on its chemical and mineral constituents. Tan and light 

colours are typically associated with the high lime content. 

A brownish colour is typically associated with the iron 

content. A dark grey to black colour is typically associated 

with an elevated unburned carbon content. Fly ash colour is 

usually very consistent for every power plant and coal 

source. 

 
Fig. 1: Typical Ash Colors 

B. Compressive Strength Determination 

 
Table 2: Compressive Strength of Cement-Fly Ash Concrete 

In this test sample of concrete is filled in the mould of size 

15cm x 15cm x 15cm and top of the mould is stroke off. A 

total quantity of 18 cubes was cast. Fly ash is added in place 

of cement in concrete in 6 different percentages starting 

from 0%, and raised the mixing of fly ash up to 25%, at an 

interlude of 5%. The specimens are covered with the wet 

gunny bags for 24 hours. Then after the sample is removed 

and kept for curing in curing tank. At the end of the curing 

period, the sample is removed and tested immediately. The 

testing is done under Universal Testing Machine. The load 

is applied placidly and gradually. The crushing loads are 

noted and average compressive strength for three specimens 

is determined for each which is given in table 2. 

III. RESULTS & CONCLUSIONS 

The characteristic compressive strength of numerous blends 

of concrete is presented in table no. 2. Shows the graphical 

depiction of data of table no 2. The curve in table 2 shows 

the rate of compressive strength development of various 

blends of fly ash concrete over a span of 90 days. It can be 

seen that 0% fly ash i.e. concrete with no replacement of 

cement with fly ash, has the highest rate of compressive 

strength development at 60 days and after it becomes nearly 

constant. 5% fly ash has the maximum rate of compressive 

strength development up to the age of 21 days and then after 

its rate contractions. Strength development at the later 

scaffold is negligible. The rate of strength development is 

large up to 21 days for 10% fly ash and then after its rate 

becomes negligible for few days and after 28 days it 

increases uniformly. Its final strength development is also 

maximum than any other fly ash blends. After 90 days of 

storage, the concretes containing 10 % of fly ash, related to 

cement mass, gained a compressive strength about 6 % 

higher than the concrete without addition for Ordinary 

Portland cement. For fly ash blends greater than 10% fly 

ash, the rates of strength development as well as final 

strengths both reduce with an addition of fly ash. In long 

terms, concrete with higher proportions of fly ash gains 

strength comparable with that of pure concrete.  It is 

necessary to note from table 2 that the strength of concrete 

decreases with the increase in % of replacement of cement 

with fly ash at 28 days. But, at 90 days we get maximum 

strength for 10% fly ash reinforcement. 

IV. CONCLUSION 

This research presumes the study on ― the effect of fly ash 

on the properties of concrete for a nominal mix of the M20 

grade of concrete is as follows. Slump loss of concrete rises 

with an increase in w/c ratio of concrete. For w/c ratio 0.35 

without any admixtures, an initial slump cannot be estimated 

by slump cone test as it is very less. Concrete with 10% and 

20% replacement of cement with fly ash shows good 

compressive strength for 28 days than normal concrete for 

0.35 w/c ratio. 

REFERENCES 

[1] Michel Thomas Ph.D. “Optimizing the use of fly ash in 

concrete”, professor of Civil Engineering, University of 

New 0 5 10 15 20 25 30 35 40 10 20 30 40 River sand 

potable water River sand sea water M-sand potable 

water M-sand sea water Compressive Strength N/mm2 

28 Days Curing Percentage of fly Ash International 

Journal of Pure and Applied Mathematics Special Issue 

109 Brunswick, pp. 1-24. 

[2] Edward G. Moffatt, Michael D.A. Thomas, Andrew 

Fahim, “Performance of high-volume fly ash concrete 

in marine environment” Elsevier, Cement and Concrete 

Research. Volume 102, December 2017, Pages 127-

135. http://dx.doi.org/10.1016/j.cemconres.2017.09.008 

[3] M. D. A. Thomas and J. D. Matthews, “The 

permeability of fly ash concrete” Materials and 

Structures, August 1992, Volume 25, Issue 7, pp 388–

396. 

[4] Velu Saraswathy, Subbiah Karthick, Han Seung Lee, 

Seung-Jun Kwon, and Hyun-Min Yang “Comparative 

Study of Strength and Corrosion Resistant Properties of 

Plain and Blended Cement Concrete Types”, Advances 

in Materials Science and Engineering, Hindawi, 

Volume 2017, PP 1 – 14, Article ID 9454982. 

https://doi.org/10.1155/2017/9454982. 

[5] P.K Mehta, P. J. M. Monteiro, Concrete Microstructure 

Properties and Materials, First Edition-1997, Indian 

Institute of Technology, Chennai. 

[6] ASTM International C: 618-03 Standard specification 

for coal fly ash and raw or calcined natural pozzolana 

for use in concrete. 

[7] Indian standard specified for 53 Grade Ordinary 

Portland Cement bureau of Indian standards IS: 12269-

1957 -53 Grade Ordinary Portland cement 

(Reaffirmed2004). 



Effect of Fly Ash on Concrete’s Strength 

 (IJSRD/Vol. 6/Issue 02/2018/187) 

 

 All rights reserved by www.ijsrd.com 652 

[8] V.M. Malhotra and AA Ramezanianpour March 1994, 

Fly ash in concrete. 

[9] M.S. SHETTY Concrete technology theory and practice 

S.Chand Publishing 7361, Ram Nager Newdelhi-

110055.  


