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______________________________________________________________________________ 

ABSTRACT 

  
Disposal of waste is one of the most important nuisances being faced by the entire nation 

across the globe. Fly ash is generated from burning of coal in the thermal power plants. 

Pozzolanic concretes are used extensively throughout the world where oil, gas, nuclear and 

power industries are among the major users. Fly ash is used as a mineral addition in concrete 

improves its strength and durability characteristics. The main objective of this project is to study 

the strength characteristics of high volume fly ash concrete. Concrete specimens made with 

different percentage of fly-ash replacement levels (10 to 60%) for their compressive strength on 

28 days using M20 grade of concrete. The experimental result reveals the optimum percentage of 

fly-ash content for the concrete to achieve the maximum strength. Compared to the conventional 

concrete fly ash replacement improves workability, decrease water demand and increase 

strength.  
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INTRODUCTION:                     

 

We are constantly faced with ever-large economical problems associated with the 

emission of CO2 in to the atmosphere. The increasing shortage of raw materials and an urgent 

need to protect the environment against pollution has accentuated the importance of developing 

new building materials based on industrial waste generated from coal fired thermal power station 

and is creating unmanageable disposal problems due to its potential to pollute the environment. 

The utilization of by-products as the partial replacement of cement has important 

economical, environmental and technical benefits such as the reduced amount of waste materials, 

cleaner environment, reduced energy requirement, durable service performance during service 

life and cost-effective structures. It is well known that blending cement with fly-ash improves the 

reological properties of hardened concrete. These improvements are generally attributed to both 

the physical and chemical effects.                                                                                                                                                        

 

The physical process is due to the particle fineness of the supplementary cementing 

materials that are much smaller than that of the cement, thereby providing densely packed 

particles between fine aggregates and cement grains, and hence, the reduction in porosity.. There 

are several studies has been investigated about  fly ash and its use as an additive in cement 

mortars [1]. Fly ash is also used as an additive in the production of briquettes [2-4] 
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EXPERIMENTAL INVESTIGATION 

 Materials 

Cement: In this experimental investigation 53 grade ordinary Portland cement was used. 

 

Fine aggregate: River sand free from impurities was used as fine aggregate. The size of it is less 

than 4.75mm. The percentage of passing is within the limits as per IS: 383-1970 [5]. 

 

Coarse aggregate: The coarse aggregate used is 20mm in size, crushed, angular in shape and   

free from dust. The percentage of passing is within the limits as per IS: 383-1970[5]. 

Grade of concrete 

The grade of concrete used is M30 and concrete mix is designed as per IS 456-2000[6] and IS 

10262 – 2009[7]. The water cement ratio adopted is 0.45. 

 

Fly-ash having specific gravity of 2.16 obtained from thermal power plant was used for 

the replacement of cement. The super plasticizer 0.2 % the weight of cement was used;. Table 1 

shows the oxide content of cement and fly-ash used. 

 

Table 1: Oxide composition of cement and fly-ash 

Chemical composition Cement % Fly ash % 

SiO2 19.01 62.28 

Al2O3 4.86 22.64 

Fe2O3 3.52 8.52 

CaO 58.36 3.82 

MgO 1.90 1.92 

SO3 3.02 0.82 

Cl
-
 0.04 0.00 

Free Lime 1.43 0.00 

 

Mix proportioning 

                
              The control concrete mix proportions for M20 having the slump of 75-100mm with air 

content of 2.0% are shown in table. The various mix proportions were obtained by replacing 10, 

20, 30.40,50 and 60 % of the mass of the cement by fly ash. Also, the composition of water 

reduced mix was established by reducing the water content of all the mixes by 20% with slump 

being maintained the same by the use of superplasticizers. 

 

Table 2: Details of mix proportions for M20 concrete 

 

MixDesign 

CRM  % 

S1 M10 M20 M30 M40 M50 M60 

w/c ratio 0.45 0.45 0.45 0.45 0.45 0.45 0.45 

Cement(kg/m
3
 313 281.7 250.4 219.1 187.8 156.5 125.2 

Fly ash(kg/m
3
) 0 31.3 62.6 93.9 125.2 156.5 187.8 

Sand(kg/m
3
) 720 720 720 720 720 720 720 

C.A (kg/m
3
) 1315 1315 1315 1315 1315 1315 1315 
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METHODS: 

Compressive strength test 

              100 mm X 100mm X 100mm concrete cubes were casting using M20 grade concrete 

with w/c ratio 0.45.. Specimens with ordinary Portland cement (OPC) and OPC replaced with fly 

ash at 10%, 20%, 30%, 40%, 50% and 60% levels were cast. During casting the cubes were 

mechanically vibrated by using a table vibrator. After 24 hours, the specimens were removed 

from the mould and subjected to water curing for 28 days. After curing, the specimens were 

tested for compressive strength using a calibrated compression testing machine of 200T capacity. 

 

Results and discussion 

 

              The average compressive strength vs fly ash blended concrete of 10%, 20%, 30%, 

40%, 50% and 60% replacement levels shown in table 3.  From these it can be noted that, at 

higher percentage of replacement (above 20%), a decrease in compressive strength values were 

observed irrespective of the period of curing and the nature of activation. The improved 

properties of the activated fly ash system may be due to the following reasons. The early strength 

formation has got close relationship with the number of connecting regions among cement 

hydration particles. The activated fly ash particles are smaller than that of cement particles, 

which can increase the degree of bonding. 
 

 

Table 3: Compressive strength Vs fly ash content for M20 concrete (28 days testing) 

Mix designation Fly ash % Compressive strength 

(MPa) 

% difference than 

conventional concrete 

S 0 26.32 0 

M10 10 28.42 +7.9 

M20 20 24.23 -7.59 

M30 30 23.12 -12.15 

M40 40 22.56  -14.28 

M50 50 20.23  -23.13 

M60 60 19.25 -26.86 

 

       
Fig. 1 Compression testing machine and failure modes 
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CONCLUSION: 

 

1. High volume fly-ash concrete with good overall performance regarding workability, setting 

time, temperature rise and mechanical properties.  

2. The addition of superplasticizers in the concrete mixtures give higher values of the 

compressive strength than in the concrete without super plasticizer. 

3. The curing time increased the compressive strength, flexural strength and bond strength 

irrespective of the system studied. 

4. Replacement levels of 10% to 20%, fly ashes showed improved mechanical properties of 

blended cement concrete. 
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