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Abstract— This experimental study is aimed at investigating the characteristics of fly ash concrete by varying the water 

cement ratio and percentages of fly  ash, replacing the cement by weight. The data obtained in this work wo uld be of use 

in determining the appropriate mixture proportions for high volume fly ash concrete. Total twelve mixes were prepared 

in this project with three w/c ratios (0.55,0.475 and 0.4) and fly percentage was varied as 0%,30%,40% and 50% of  

cement. Compressive strength and water absorption test was carried out. It was found that with lower water cement ratio 

and an increase in the amount of fly  ash , water absorption of concrete is lowered and it also leads to an increase in the 

strength of the concrete, the making a durable concrete. It was also found that for the mix under consideration and the 

given fly ash, 0.475 w/c ratio and 40% fly ash is the optimum dose from water permeability and strength point of view 

(given all the other conditions remain the same) 
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I. INTRODUCTION 

The deterioration of reinforced concrete structures usually involves  the transport of aggressive substances from the 

surrounding environment followed by physical and chemical actions in its  internal structure. The transport of aggressive 

gases and/or liquids into concrete depends on its permeation characteristics. As the permeation o f concrete decreases, its 

durability  performance, in terms  of physico-chemical degradation, increases. Therefore, permeat ion of concrete is one of 

the most critical parameters in the determination of concrete durability in aggressive environments. 

 

The permeation related properties, which mainly  govern the ingress of the aggressive substances into the concrete, 

are permeability, absorption. Permeability is a measure of the ease with which the substances are transported due to a 

pressure differential, while absorption/porosity (saturation method) are measures of the absorption characteristics of 

concrete. Permeation, which is dictated by the microstructure of concrete, controls the ingress of moisture, ionic, and 

gaseous species into concrete. Chemical degradation, e.g., corrosion of steel reinforcement, sulphate attack, carbonation, 

and alkali-aggregate reaction as a result of reaction between an external agent and the ingredients of concrete, and some 

physical effects such as frost attack can be greatly reduced by reducing the permeat ion of concrete. 

 

Conventional concretes often fail to prevent the ingress of moisture and aggressive ions adequately. The use of 

blended cements or supplementary cementing materials has been reported to  decrease the permeability, thereby 

increasing the resistance of concrete to deterioration by aggressive chemicals such as chlorides  Therefore, the blending of 

Portland cement with pozzolanic  materials has become an increasingly accepted practice in  the construction of structures 

exposed to harsh environments such as offshore structures, highway bridges, tunnels, sewage pipes, and structures for 

wastes containing toxic chemicals and radioactive 

 

II. EFFECT OF FLY AS H ON THE PROPERTIES OF FRES H CONCRETE 

Fresh concrete is a concentrated suspension of particulate materials of widely differing densitie s, particle sizes, and 

chemical compositions in a solution of lime and other components. The system is not static. As soon as the cement and 

water mix, reactions commence that ult imately produce the binder that consolidates the concrete mass. New part icles  are 

formed, and the orig inal particles dissolve or are coated with cementit ious products. Heat is released during the chemical 

reactions, and the temperature rises. In all of these events, fly ash plays some role. Low -calcium fly ash will act largely as 

a fine aggregate of spherical form; h igh-calcium fly ash, on the other hand, may part icipate in the early  cementing 

reactions, in addition to being part of the particulate suspension. 

 

2.1. Influence of fly ash on the setting time of Portland cement concrete 

The chemical and physical in fluences that fly ash might have on the setting of concrete been attempted to separate. In 

concrete not containing fly ash, the setting time should be a function of two parameters  (a) The cement factor (b) 

Water/cement. As the cement factor increases, the setting time decreases , as the water/cement ratio increases, the setting 

time increases. 

 

Fly ash generally slows the setting of concrete. Th is may be due to the proportions of the fly ash, its fineness, and its 

chemical composition; however cement fineness, water content of the paste, and ambient temperature are considered as 
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having a much greater effect. [Lane and Best, 1982]. In another study with Fly ash – cement mixtures set more slowly 

than corresponding cements but that the setting times are with in the specified limits. [Davis et al. 1937]. 

 

2.2. Effect of fly ash on workability, water requirement and bleeding of fresh concrete  

The small size and the essentially spherical fo rm low-calcium fly ash particles influence the rheological properties of 

cement pastes, causing a reduction of in  the water required or an increase in workability compared with that of an 

equivalent paste without fly ash. Fly ash differs from other pozzolans, which usually increase the water requirement 

mixtures. The improve workability allows a reduction in the amount of water used in concrete. [Davis ET al.1937] 

 

The major factor influencing the effects of ash on the workability of concrete is the proportion of coarse material 

(>45µm) in  the ash. For example, substitution of 50% by mass of the cement with fine particu late fly  ash can reduce 

water requirement by 25%. A similar substitution using ash with 50% of the material >45µm has no effect on the water 

requirement. [Owens, 1979] 

 

It was found in a study that the water requirement was reduced by 7.2% in a mixture in which 30% fly  ash replaced 20% 

cement. [Pasko and Larson, 1962]. In another similar study with percentage of fly ash replacement for the same 

workab ility with 21, 28, and 34MPa nominal-strength concrete mixtures, it was concluded that as the amount of fly ash 

increased in the mixtures, the water requirement decreased. [Naik and Ramme, 1990] 

 

Experimental studies have shown that with HVFA concrete mixtures, depending on the quality of fly ash and the a mount 

of cement rep laced, up to 20% reduction in water requirements can be achieved. [Owen, 1979; Jiang and Malhotra, 

2000] 

 

2.3 Effect of fly ash on temperature rise of fresh concrete . 

The hydration or setting of Portland cement paste is accompanied by an evo lution of heat that causes a temperature rise 

in concrete. Replacement of cement by fly ash results in a reduction in the temperature rise in fresh concrete. This is of 

particular importance in mass concrete, where cooling following a large temperature ris e can lead to cracking. The first 

major use of fly ash in concrete was in the construction of a gravity dam, where it was employed principally to control 

temperature rise [Philleo, 1967] 

 

It has been estimated that the contribution of fly ash to early-age heat generation is 15-30% of that of the equivalent mass 

of Portland cement. [ACI Committee 211.1-81, 1984] 

 

III. EFFECT OF FLY AS H ON THE PROPERTIES OF HARD CONCRETE 

 The main  factors determin ing strength in concrete are the amount of cement used and water/cement. In  practice, 

these are established as a compromise between the need of workability in the freshly mixed state, strength and durability 

in the hardened state and cost. The degree and manner in which fly ash affects workability are major factors in  its 

influence on strength development. A fly ash that permits a reduction in total water requirement in concrete will 

generally present no problem in the selection of mixture proportions, permitting any desired rate of strength 

development. Many variab les influence the strength development of fly ash concrete, the most important being the (a) 

The properties of fly ash (b) Chemical composition (c) Part icle size  (d) Reactiv ity (e) Temperature and other curing 

conditions. 

 

IV. EFFECT OF FLY AS H ON THE DURABILITY OF CONCRETE 

The water and chloride permeability of concrete containing a class F fly ash was determined at water-to-cementit ious 

materials ratios of 0.33, 0.38, and 0.45.Fly ash content range between 10% and 50% of the total weight of cement used. 

They reported that the water permeability at 91 d was reduced by as much as 50% in some concrete mixtures. 

[Arnaghani et al., 1991] 

 

The 28d permeability values for fly ash concretes show higher than no-fly-ash concrete. However, fly ash concretes 

exhibit lower permeability than plan Portland cement concrete when durations of curing is increased to 91 d. [Al-

Amoudi et al. ,1989] 

 

It has been reported that the ionic concentration in the pore solution of a fly ash cement paste also decreases as the fly as h 

content increases. [Berry et al., 1994] 

 

In an experiment the influence of inclusion of fly ash, slag, and silica fume, on the chloride ion intrusion into concretes 

was studied. The results indicated that good resistance to the penetration of chloride ions can be achieve d at relatively 

early ages by addition of slag or silica fume as a supplemental cementit ious material with a low water-to-cementit ious 

materials ratio. [Ozylidirim and Halstead, 1988] 
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The effect of replacement ratio of fly ash, initial curing period in water, and air content on the carbonation phenomenon 

in concrete was investigated. It was reported that the carbonation of concrete with fly ash was affected by initial curing 

conditions and increased with an increase in the replacement ratio of fly ash. It was also found that the depth of 

carbonation of concrete was in proportion to the square root of exposure duration in the accelerated carbonation test. 

[Ohga and Nagataki, 1989] 

 

In a series of tests on the effects of lignite fly ash on the resistance of concrete to freezing and thawing the results showed 

that the use of high percentages of fly ash in concrete (35-50%) reduced its resistance to freezing and thawing even 

thought it contained ~6% air and was moist cured for 80 d. It was also found that concre te containing 20% fly  ash had a 

satisfactory performance, provided its air content and strength were comparable to those of control concrete.  [Nasser and 

Lai, 1992] 

 

The effects of the source and amount of fly ash on abrasion resistance was examined by using Class C fly  ash from three 

sources were used. Concrete mixes were prepared with varying fly ash percentage by 40, 50 and 60% with constant w/c 

ratio of 0.30. Concrete abrasion resistance was not greatly influenced by inclusion of Class C fly ash up to 40% of total 

cementit ious materials. However, a  slight decrease in abrasion resistance of HVFA concrete (especially at fly ash content 

above 50%) was noted as compared to the reference mixture without fly ash. [Naik et al., 2002] 

 

For high strength grades (>40 MPa) the abrasion resistance of HVFA concrete with 70% replacement of cement is higher 

than that of counterpart control OPC concrete and concrete made with 50% fly ash. Superplasticizer and curing 

conditions have no significant in fluence on the general trend of the abrasion of concrete studied. [Atis, 2002] 

 

The results of sulphate-resistance studies on 30 concrete mixtures made with Portland cement, Port land -fly ash cement, 

or fly ash concluded that fly ashes greatly improved sulphate resistance. [Dikeou, 1970] 

 
V. EXPERIMENTAL PROGRAMME 

In this work, a laboratory investigation was carried out to evaluate the strength and the water absorption of concrete 

containing high volumes of fly ash. Here aggregate–cement ratio was kept constant and water-cementit ious material rat io 

was varied as 0.4, 0.475 and 0.55; at the same t ime for each water cement ratio percentage of fly ash replacing cement 

(by weight) was varied by 0%, 30%, 40% and 50%. The control mix was prepared using 0.55 water cement ratio  and 0% 

fly ash to achieve a target strength of 20Mpa (M20) at the end of 28 days .Compressive strength and water absorption test 

was performed on the test specimens. The properties of other mixes were compared with that of the control mix. ISAT 

test was also intended to be performed but due to time constraint it was not possible to do the test. 

VI. RES ULTS  

6.1. Result of Water absorption test 
Water absorption test was performed taking three cubes from each mixes. The result of the test is shown in  

Figure 6.1 below  
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Figure 6.1. Percentage variation in water absorption with change in %fly ash 

 

 

 
6.2. Results of Compressive strength test 

6.2.1. 7 days Compressive strength test result 
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The 7 days compressive strength test was performed  taking three cubes from each  mixes, a fter curing them in  water 

for 7 days. The result of the test is shown in Figure 6.2 below 
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Figure 6.2. Compressive strength(7 days)with change in %fly ash replacement 
 

6.2.2. 28 days Compressive strength test result  

Like the 7 days compressive strength test three cubes from each mixes cured in water for 28 days and their 

compressive strength  test was performed It seen from test result of the 28 days compressive strength value at w/c ratio 

0.475 and fly ash replacement 40% is not following the trend of change of value like the other series so it has not been 

considered in plotting the curves. The result of the test is shown in Figure 6.3 below  
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Figure 6.3. Compressive strength(28 days)with change in %fly ash replacement 

 

VII. CONCLUS IONS  

 

From the results obtained from water absorption and compressive strength test the following conclusions can be 

drawn – 

a) Percentage of water absorption of concrete mix falls with decrease in water cement rat io. An increase in the 

amount of fly ash in the mix also decreases its water absorption. 

b) Up to 50% fly ash replacement indicated approximately same compressive strength as that of control mix, but 

the water absorption was substantially lower.  

c) The increase in compressive strength with lower water content is visible in 28 d ays compressive strength 

curves (Fig.6.3) also. Here though the fly ash concrete indicated lower strength at early ages. However, 

compressive strength of fly ash concrete is almost equal o r little less than that of the control mix but it can  be 

expected that by 90 days after casting it will be higher than the compressive strength of the control mix.  

d) From all the results obtained it can be concluded that 0.475 water cement ratio and 40% fly ash is the 

optimum dose for the concrete mix under observation, given other conditions remain the same. 
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