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Abstract 
In India, currently a large amount of fly ash is generated mainly in thermal power plants with an imperative 
blow on environment and living organism. The use of fly ash in concrete can reduce the consumption of 
natural resources and also diminishes the effect of pollutant in environment. In recent studies, many 
researchers found that the use of additional cementitious materials likes fly ash in concrete is economical 
and reliable. This investigation is a part of experimental programme carried out to study the utilization of  
non-conventional building material (fly ash) for development of new materials and technologies. It is aimed at 
materials which can fulfil the expectations of the construction industry in different areas. In this study,  
cement has been replaced by fly ash accordingly in the range of 0% (without fly ash), 10%, 20%, 30%, 40%, 
50% and 60% by weight of cement for M-25 mix with 0.46 water cement ratio. Concrete mixtures were 
produced, tested and compared in terms of compressive strength. It was observed that 20% replacement 
Portland Pozzolana Cement (PPC) by fly ash strength increased marginally (1.9% to 3.2%) at 28 and  
56 d respectively. It was also observed that up to 30% replacement of PPC by fly ash strength is almost 
equal to referral concrete after 56 d. PPC gained strength after the 56 d curing because of slow hydration 
process. 
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Introduction 
Owing to boom in real estate and technological 
development, demand of cement is rapidly increasing 
day by day. As per estimate in India, about 250 million 
tons of cement is produced every year approx. producing 
220 million tons CO2. This large amount of CO2 put a 
great burden over environment and is a serious cause of 
concern for environmental aspect. Due to depletion of 
natural resource and over exploitation, the ecological 
balance is being disturbed. To overcome this, 
comprehensive approach is to be developed to use more 
and more non-conventional materials in construction and 
consume the natural resources as well. Fly ash is such a 
non-conventional material which is found in abundance 
and can be used in cement manufacturing as 
supplementary material. Although, fly ash is used in 
production of Portland Pozzolana Cement (PPC) as an 
alternative of Ordinary Portland Cement (OPC), however, 
the consumption of fly ash in cement industry is still not 
up to saturation limit. By addition of fly ash in concrete as 
part of cement replacement, its property can be 
improved. Maslehuddin (1989) carried out investigations 
to evaluate the compressive strength and corrosion 
resisting characteristics of concrete mixes in which fly 
ash was used as an admixture (equal quantity of sand 
replacement). Concrete mixtures were made with fly ash 
additions of 0%, 20% and 30% and water cement ratios 
of 0.35, 0.40, 0.45 and 0.50.  

 
Hwang et al. (1998) examined the effects of fine 
aggregate replacement on the rheology, compressive 
strength and carbonation properties of fly ash and 
mortar. Rheological properties, compressive strength 
and rate of carbonation of mortars of water to portland 
cement ratio of 0.3, 0.4 and 0.5, in which the fine 
aggregate was replaced with fly ash at 25% and 50% 
levels. Siddique (2003) found that the increase in 
strength with fly ash replacing fine aggregate, however, 
the rate of increase of strength decreases with increase 
in fly ash content. At 50% replacements of fine aggregate 
by fly ash, compressive strength of concrete increased 
by 51.5% and 67.1% at 28 and 365 d respectively.  
 
Hussein et al. (2013) in his study replaced OPC with  
5 to 50% fly ash and observed that 10% fly ash showed 
the highest compressive strength at all ages, use of 
15%-30% fly ash significantly increased the compressive 
strength at 90 and 180 d. Mukherjee et al. (2013) 
reported that the zero slump concrete showed higher 
compressive strength compared to workable concrete 
with super plasticizer up to 60% replacement with fly ash. 
The strength gain with time is higher compared to the 
OPC concrete at all replacement level of cement by fly 
ash and the optimum strength gain was noted at  
70% replacement at 28 d.  
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The main objective of this study is to compare the effect 
of fly ash in PPC concrete with the conventional cement 
concrete and to see the effect of fly ash inclusion in PPC 
concrete. The compressive strength of PPC replaced fly 
ash concrete was compared with the compressive 
strength of conventional PPC concrete.  

 

 

 
Materials and methods 
Experimental design: In order to study the effect of  
fly ash as partial cement replacement on the strength of 
concrete, 63 cubes for a mix have been cast in the 
laboratory.  
 

Table 1. Properties of cement (Method of test refers to IS:4032:1985). 
Properties Experimental Codal requirement (IS 1489 (Pt-1)-1991) 
Normal consistency % 31.5% - 
Initial setting time 165 min (Not less than 30 min) 
Final setting time 215 min (Not more than 600 min) 
Soundness of cement  
(Le chatelier expansion) 0.75 mm (Not more than 10 mm) 

Fineness of cement  
(% retained on 90 micron IS sieve) 3.77% 10% 

Specific gravity of cement 2.67 3.15 
Compressive strength   
3 d 23.0 16.0 N/mm2(min) 

7 d 33.0 22 N/mm2(min) 
28 d 43.2 33 N/mm2 

Declared % of fly ash 26.0 10.0-25.0(min-max). The homogeneity of the mixture shall be 
guaranteed within ± 3% in the same consignment. 

Table 2. Result of sieve analysis. 

Sieve size Weight retained (g) Cumulative 
weight retained 

Cumulative % 
weight retained Passing % Standard % weight 

passing for zone II 
4.75 mm - - - 100 100 
2.36 mm 48.0 48 4.8 95.2 75-100 
1.18 mm 240 288 28.8 71.2 55-90 

600 µ 360 608 60.8 39.2 35-59 
300 µ 300 912 91.2 8.8 8-30 
150 µ 72 984 98.4 1.6 0-10 
Pan 14 998 100 0 0 

Fineness modulus = 284/100= 2.84. 

Table 3. Sieve analysis for coarse aggregate of 10 mm size. 

Sieve size Weight retained (g) Cumulative 
weight retained 

Cumulative % weight 
retained Passing % 

20 mm - - - 100 
10 mm 1696.0 1696 56.53 43.47 
4.75mm 892 2588 86.27 13.73 
2.36 mm 410 2998 100 0 
1.18 mm 0 2998 100 - 

600µ 0 2998 100 - 
300 µ 0 2998 100 - 
150 µ 0 2998 100 - 

Fineness modulus = 642.8/100=6.428. 

Table 4. Sieve analysis for coarse aggregate of 20 mm size. 

Sieve size Weight retained (g) Cumulative 
weight retained 

Cumulative % weight 
retained Passing % 

40 mm - - - 100 
20 mm 270 270 9 90 
10 mm 2478 2748 91.6 8.4 

4.75 mm 246 2994 100 - 
1.18 mm 0 2994 100 - 

600 µ 0 2994 100 - 
300 µ 0 2994 100 - 
150 µ 0 2994 100 - 

Fineness modulus = 600.6/100=6.006. 
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Cubes (100 mm × 100 mm × 100 mm) were cast using a 
design mix of 1:2.08:3.86 and water cement ratio of  
0.46 was maintained to get the strength of cubes made 
up with different percentage of fly ash to the respective 
strength of conventional concrete at the end of 7, 28 and 
56 d of moist curing. Optimum percentage of fly ash 
which does not affect the strength of non-conventional 
concrete was noted. PPC of Prism brand was obtained 
from single batches throughout the investigation.  
The properties of PPC are given in Table 1. The fine 
aggregate was locally available river sand which is 
passed through 4.75 mm sieve. The specific gravity of 
fine aggregate is 2.2 and fineness modulus of fine 
aggregate is 2.84. Result of sieve analysis is given in 
Table 2. The coarse aggregate was locally available 
quarry having two different sizes; one fraction is passed 
through 20 mm sieve and another fraction is passed 
through 10 mm sieve. The specific gravity of coarse 
aggregate is 2.66 for both fractions. The grading of 
coarse aggregate of 10 mm and 20 mm size are given in 
Table 3 and 4. In the present study, the fly ash is 
obtained from the NTPC, Unchahar Raibareli, U.P.  
The physical and chemical properties of fly ash along 
with PPC are given in Table 5. Potable water is used for 
mixing and curing. The water cement ratio (w/c) of 0.46 
has been used. The concrete mix design is done in 
accordance with IS 10262 (1982). The cement content 
used in the mix design is taken as 380 kg/m3 which 
satisfies minimum requirement of 300 kg/m3 in order to 
avoid the balling affect. 
 
Results and discussion 
Compressive strength of referral concrete as well as  
fly ash concrete at 7, 28 and 56 d are given in Table 6 
and Fig. 1. It is evident that beyond 28 d, the strength 
increased with the addition of fly ash.  
 

 

 
Fig. 1. Compressive strength of fly ash concrete  

(line chart) (W/C = 0.46). 

 
 

Fig. 2. Compressive strength of fly ash concrete  
(bar chart) (W/C = 0.46). 

 
 
Strength was comparable up to 30% fly ash content and 
after that it decreased. However, increase in strength 
was more prominent at 20% replacement level (Fig. 2). 
The compressive strength of PPC was 23.4 N/mm2,  
31.6 N/mm2 and 36.6 N/mm2 at 7, 28 and 56 d 
respectively for a water cement ratio of 0.46. It was also 
observed that on addition of fly ash, 7 d strength was 
decreased at all replacement level.  
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Table 5. Physical and chemical properties of fly ash  
along with PPC. 

Physical properties PPC Fly ash 
Specific gravity 2.67 2.30 
Mean grain size (μm) 21.5 20 
Specific area (cm2/g) 3770 2680 
Colour Grey Grey to black 
Chemical comp. (%) PPC Fly ash 
Silicon dioxide 
(SiO2)+ Aluminium 
oxide (Al2O3) + 
 Iron oxide (Fe2O3) 

- 95.5 

Silicon dioxide (SiO2) - 60.5 
Sulphur trioxide (SO3) 2.12 (3% max) 0.2 
Reactive Silica (SiO2) - 33.4 
Chlorides (Cl) 0.011(0.1% max) 0.01 
Magnesium oxide 
(MgO) 2.5 (6% max) 0.6 

Loss on ignition  1.74 (5% max) 1.1 
Sodium oxide (Na2O) - 0.1 
Insoluble residue 24.28 - 

Table 6. Compressive strength of fly ash concrete  
(W/C = 0.46). 

Cube 
designation 

Compressive strength (N/mm2) Fly ash 
(%) 7 d 28 d 56 d 

A1 23.4 31.6 36.6 0 
A2 19.2 31.8 37.2 10 
A3 20.0 32.2 37.8 20 
A4 17.2 28.4 36.6 30 
A5 12.4 19.8 28.0 40 
A6 11.8 19.0 24.8 50 
A7 6.2 14.4 16.2 60 
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The decrease in strength may be due to slow hydration 
process since fly ash is a slow reactive pozzolans which 
delays the hydration process. From the findings it was 
seen that the strength decreased above 30% 
replacement level at all the ages. It appears that above 
30% replacement level on equal weight basis, surface 
area of mix was increased due to addition of fly ash, 
since specific gravity of fly ash is less than that of PPC. 
Further, it was observed that at 7 d curing strength of fly 
ash, PPC concrete decreased with increase in 
replacement level. It was observed that at 30% 
replacement of PPC with fly ash, compressive strength at 
7 d curing is decreased 27% than that of referral 
concretes. Decrease in strength at 7d curing was 47, 50 
and 73% at replacement level of 40, 50 and 60% 
respectively. It showed that increase in fly ash content in 
concrete reduced the rate of strength gain at early ages 
due to slow hydration process. However, the trend at  
28 d was not similar as the trend of 7d. At 28 d curing, 
strength of fly ash PPC concrete was more than that of 
referral concrete up to 20% replacement level. Beyond 
20% replacement level, a decreased in strength was 
observed with increase in replacement level.  
 
At 30% replacement level, strength of fly ash PPC 
concrete was marginally decreased (about 10%). 
Decrease in strength at 28 d curing was 37, 40 and 54% 
at replacement level of 40, 50 and 60% respectively. It 
showed that increase in fly ash content in concrete, the 
rate of strength gain was only up to 20% replacement 
level after that there was a decrease. It was observed 
that at 56 d curing, strength of fly ash PPC concrete 
increased up to 20% and equal at 30% replacement with 
referral concrete and then, strength decreased with 
increase in replacement level. It was observed that at 
20% replacement of PPC with fly ash on the 
compressive strength at 56 d curing is increased about 
3.28% than that of referral concretes and 30% 
replacement level strength is equal to the referral 
concrete. Decrease in strength at 56 d curing was 23.5, 
32.24 and 55.73% at replacement level of 40, 50 and 
60% respectively. It showed that increase in fly ash 
content in concrete, the rate of strength gain was only up 
to 20% replacement level as same as the 30% 
replacement.  
 
In the present study, it was also observed that up to 30% 
replacement level, the prepared mix were sticky. Beyond 
30% replacement level, workability and finishability of 
mix was decreased. It may be due to the fact that up to 
30% replacement level, fly ash particles also worked as 
filler material to fill the pores betweens fine aggregate 
particles, resulting in a dense sticky mix since, more 
water was available for lubrication. However, beyond 
30% replacement level, more water was needed for 
lubrication due to more surface area. As such workability 
and finishability of mix was decreased beyond  
30% replacement. 
 

Conclusion 
The following conclusions were made based on the 
findings of the study: 
1. Compressive strength of fly ash concrete  

up to 30% replacement level is more or equal to 
referral concrete at 28 and 56 d.  

2. Optimum replacement level of fly ash is 20%. 
3. It was observed that at 28 and 56 d in 20% 

replacement of PPC by fly ash, the strength 
marginally increased from 1.9% to 3.28%.  

4. It was also observed that up to 30% replacement of 
PPC by fly ash, the strength is almost equal to referral 
concrete at 56 d. 

5. PPC gains strength after the 56 d curing because of 
slow hydration process. 
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