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Abstract: - In the present investigation, an attempt is made to 

find out the mechanical and durability properties of concrete 

using cow dung ash and fly ash. The use of partial replacement of 

OPC by these wastes favored the concrete production due to 

their advantages in improving some of the properties of concrete. 

The investigation was carried out for M25 grade concrete 

maintaining the water/cement ratio 0.55 throughout the project. 

This study presents the influence of cow dung ash and fly ash on 

properties of concrete. The experiment consists of partially 

replaced cement with cow dung ash as well as fly ash in concrete. 

Using 0%, 5%, 10%, 15%, 20%, 25% and 30% replacement of 

cement with cow dung ash as well as fly ash. All these mixtures 

were prepared, conducted the experiments and then the 

subsequent analysis of test results and the following conclusions 

are drawn. The mechanical properties like compressive strength 

and split tensile strength and the durability properties like rapid 

chloride permeability test and water penetration test were to be 

conducted on M25 grade concrete.  

Key Words: Cement, Cow Dung Ash, Fly Ash, Compressive 

Strength, Split Tensile Strength, Rapid Chloride Permeability 

Test and Water Penetration test. 

I. INTRODUCTION 

he concrete of its flexibility, durability, sustainability, and 

economy have made it the world’s most widely used 

building material. The manufacture of one tone of cement of 

lime stone consumes 80 Units of electric power apart from 

releases one tone of CO2 at large into the atmosphere. Out of 

the total CO2 emission (from a variety of resource) 

worldwide, even industries contribute about 7% of CO2 

emissions. Annual cement manufacture rate of the world is 

increasing very much year by year. The manufacture can be 

reduced if demand is reduced. Demand can be condensed by 

using supplementary cementitious materials and other 

materials which can decrease cement content in concrete. 

   Our country stands the first place among the other 

countries in cows farming and this cow dung as burning at 

800
o
C and it produces the cow dung ash. The fly ash is 

majorly used in the manufacture of cement. For efficient 

consumption of ashes in cement in India, using cow dung ash 

and fly ash in the form as partial replacements of cement is 

very important than other using complementary cementitious 

materials. There are both technical advantages and communal 

benefits in using cow dung ash and fly ash in concrete.  

In order to make the concrete more ecological 

friendly and greener there is a dreadful need to use CDA and 

FA in concrete. Here the study is based on partial replacement 

of OPC with Fly Ash and OPC with Cow Dung Ash. The 

durability and mechanical properties of concrete are examined 

by the replacement of fly ash and cow dung ash in cement. 

II. LITERATURE REVIEW 

This chapter presents the literature on a small review 

of the terminology and also the past studies on cow dung ash 

(CDA) and fly ash (FA).  

O. Kayali et al. (2008) made an research on fly ash mild 

weight aggregates in high performance concrete. mild weight 

aggregates had been synthetic by sintering fly ash and 

crushing the product into suitable sizes. these aggregates own 

unique traits that make them suitable for excessive strength 

and high performance concrete. The importance of the brand 

new aggregates lies mainly inside the fact that superior 

qualities are performed without having to growth the cement 

content material. for this reason it is viable to lessen the 

quantity of cement by means of as much as 20% with out 

affecting the required strength. eventually, making use of fly 

ash to provide quality aggregates ought to yield sizeable 

environmental benefits. 

T. Omoniyi et al. (2014) work reports on an investigation 

into the use of cow dung ash (CDA) as Supplementary 

Cementitious Material in concrete . Cement was replaced with 

cow dung ash up to 30% at 5% interval. The slump cone test 

and initial and final Setting time was carried out on the fresh 

cement with cow dung ash in different proportion. The result 

of setting times indicates that as the percentage of cow dung 

ash increases, the initial and final setting time increases 

respectively. It indicates the Cow dung ash acts as a set 

retarder in concrete. The workability of concrete decreases as 

the cow dung ash content in cement of concrete increases.  

O. Y. Ojedokun et al. (2014) had to study the use of cow 

dung ash as partial replacement in cement of concrete. The 

T 
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experiments were intended to study the effects of concrete by 

the adding of Cow Dung Ash in various proportions by weight 

of cement in concrete respectively. It also involves 

determining the initial and final setting time, Bulk Density 

and Workability of concrete using Cow Dung Ash in various 

proportions. The Compressive strength test results show the 

10% cow dung ash replacement exhibits nearly better results 

compared to normal concrete.  

K.S.Ramesh et al. (2015) has done an experimental study on 

replacement of cement with fly ash and also replacement of 

sand with m sand. Based on the research, The fly ash can be 

used as supplementary cementitious construction material but 

decisions are to be taken by engineers. The entire 

experimental data shows that the addition of the industrial 

wastes improves the physical and mechanical properties. 

These results are of great importance because this kind of 

innovative concrete requires large amount of fine particles. 

Due to its high fines of fly ash provides very effective in 

assuring very good cohesiveness of  concrete.  

P. Thej Kumar et al. (2015) study presents the possibility of 

utilizing Cow dung ash (CDA) as a supplementary cementing 

material in cement mortar and concrete. Cement was partially 

replaced with four percentages (5%, 10%, 15%, and 16%) of 

cow dung ash by weight. Test results indicated that the 

consistency limits increased up to an optimum content and 

decreased further with the increase in the % of CDA in 

cement. The compressive strength is increased when the 

cement is replaced by 5% of CDA and decreased with the 

increase in the cow dung ash content. 

Swapnil Samrit et al. (2016) made an investigation about the 

use of fly ash as replacement material of cement in concrete 

pavements. The Research is to investigate the behaviour of 

concrete in Pavements while replacing the fly ash in cement. 

The replacement accordingly in the range of 0%, 10%, 15%, 

& 20% by weight in concrete. Concrete with 15% 

replacement of cement with fly ash shows good compressive 

strength and split tensile strength for 28 days of curing as 

compared to 10% and 20% of replacement but for 15% of 

replacement, Flexural strength reduces as compared to 10% 

and 20% of replacement.  

R. D. Padhye et al. (2016) studied the Cement Replacement 

by Fly Ash in Concrete. Different grades of concrete mixes 

with varying percentage of fly ash content were prepared and 

the effects of fly ash on mechanical properties of fresh and 

hardened concrete have been investigated. The compressive 

strength of concrete was measured for 7, 28 and 45 days and 

compaction factor is taken as a measure of workability. 

Compressive strength of concrete at different proportions of 

cement being replaced by fly ash has been checked and results 

have been found effective and applicable. Hence, a 

comparative study is done and use of fly ash as a cement 

replacement in concrete can be analyzed and compared. 

Sruthy B et al. (2017) has made an experimental 

investigation on strength of Concrete made with cow dung ash 

and glass Fibre. This paper presents the  study on the use of 

Cow Dung Ash (CDA) as partial replacement of cement in the 

production of concrete. This replacement was designed to 

study the effects of adding Cow Dung Ash (CDA) in various 

percentages by weight (6%, 8%, 10%, 12% and 14%) of 

cement. To strengthen the CDA concrete and making it more 

durable 0.5% glass fibre is being added, as it is an 

economically strong material, have excellent flexural strength, 

crack resistance and can also be used as an alternate material 

for concrete Construction. The M25 mix design for the 

proposed concrete mix is calculated. Results showed that up 

to 8% replacement of cement by cow dung ash there was an 

increase in compressive strength.  

III. MATERIALS 

A. Cement: 

Cement is a binder material, which is used to binds 

the other material together. Ordinary Portland cement of 53 

grade manufactured via. Ultratech company confirming to IS 

12269-1987 is used. The main benefit is the faster rate of 

development of strength. The specific gravity of cement is 

3.15 and fineness modulus of cement is 225m
2
/kg. 

B. Aggregate: 

After cement, the aggregate is the basic material used 

in any concrete to comprise the body of concrete for 

increasing the strength to the material quantity, and to 

minimize the consequential volume change of concrete. The 

fine and coarse aggregates generally occupy 60% to 75% of 

concrete volume and strongly influence the concrete’s freshly 

mixed and hardened properties, mixture proportions and 

economy. The natural sand with specific gravity is 2.65 and 

fineness modulus is 2.89 and the crushed aggregates of 20mm 

size with specific gravity is 2.75 were used. 

C. Fly Ash: 

Fly ash confirming to the requirements of IS 1727 

(1967) obtained from RTPP in muddanur, kadapa district with 

specific gravity of 2.2 and Fineness of 320m
2
/kg was used as 

supplementary cementitious material in concrete mixtures.  

 
Fig.1 Fly Ash 

D. Cow Dung Ash: 

The cow dung ash used in the present investigation. 

It is the by-product of cow dung cakes which was used in 
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biogas. The cow dung ash is grey in colour. The specific 

gravity is 2.55. The partical size is 22.91 nm which is 

calculated by X-Ray Diffraction test.   

 

Fig.2 Cow Dung Ash 

X-Ray Diffraction: 

The particle size of Cow Dung Ash is calculated by 

using X-Ray Diffraction (XRD) analysis. By using Debye – 

Scherer equation Nano particle size can be obtained D=
   

      
 

where  =1.54 A
o
,   = full width at maximum intensity 

(FWHM) of the peak in radians.  = angle, K is constant 0.9.   

= 
 

   
× FWHM,     = 21.735
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Fig.3 XRD results for Cow Dung Ash 

IV. EXPERIMENTAL PROCEDURE 

A.  Mix Proportions: 

 In this investigation M25 grade concrete is used 

with a constant water/cement ratio of 0.55. Concrete 

specimens were prepared by varying the percentage of 

replacement of cement in concrete with cow dung ash (5%, 

10%, 15%, 20%, 25% and 30%). Similarly, in the same way 

the cement was replaced with fly ash (5%, 10%, 15%, 20%, 

25% and 30%).  

B. Casting of Specimens: 

The specimens were casted for compressive 

strength of size 150mm × 150mm ×150mm cubes, split 

tensile strength of size 150mm diameter ×300mm height 

cylinders, rapid chloride permeability test of size 100mm 

diameter × 50mm height cylinders and water penetration 

test of 150mm size cubes are to be casted. For each test 3 

specimen. 

Table No.1 Specimens Casted for Tests 

Mould Type Dimensions 
Number of Specimens Casted 

7 Days 14 Days 28 Days 60 Days 

CST Cubes 150mm×150mm×150mm 3 3 3 3 

STS Cylinders 150mm Dia×300mm Height 3 3 3 3 

RCPT moulds 100mm Dia× 50mm Height - - 2 2 

WPT specimens 150mm×150mm×150mm - - 2 - 

Meas. data:Cow dung ash

Calc. data:Cow dung ash
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C. Mix Proportion for Normal Concrete: 

The present study was carried out as per IS: 10262-

2009 for M25 grade concrete. The mix proportion of normal 

concrete for water cement ratio 0.55 is given below. 

Mix M25 

Water 

(lit/m3) 
174 

Cement 

(kg/m3) 
316.36 

Fine aggregate 

(kg/m3) 
710.54 

Coarse aggregate 

(kg/m3) 
1203.05 

 

V. EXPERIMENTAL RESULTS 

A.  Compressive Strength: 

Concrete cubes of size150mm×150mm×150mm 

were tested for crushing strength. The specimens were 

placed centrally on the base plate of the machine and the 

load was applied gradually at the constant rate of 140 

kg/cm2/min till the specimen failed. The maximum load 

applied was noted for each test. The crushing strength is the 

ratio of failure load to the area of cross section of specimen. 
The compressive strength of concrete mixes by replacing 

OPC with fly ash as well as cow dung ash at 5%, 10%, 15%, 

20%, 25% and 30% was investigated. The test results has 

been carried out on specimens at 7 days, 14 days, 28 days 

and 60 days are presented.  

Table No.2 Compressive strength results for Fly Ash and Cow Dung Ash 

% 

Replacement 

in cement 

Fly Ash Cow Dung Ash 

7-days 14-days 28-days 60-days 7-days 14-days 28-days 60-days 

0 21.7 24.6 29.4 32.6 21.7 24.6 29.4 32.6 

5 22.03 25.5 30.9 33.7 21.9 24.9 30.1 34.1 

10 22.3 26.8 32.2 35.5 22.6 26.5 32.8 35.9 

15 23.1 27.5 34.4 37.8 20.8 22.8 26.9 31.1 

20 21.8 24.5 29.5 34.7 18.6 19.2 24.6 29.6 

25 19.9 22.3 28.6 32.1 15.7 18.4 23.7 27.9 

30 19.0 21.7 26.4 31.4 13.4 16.8 21.9 25.3 

   

 

Fig.4 Compressive Strength Results for Fly Ash  

 As shown in the graph for 7, 14, 28 and 60 days, it is 

observed that the compressive strength of concrete increases 

with 5%, 10% and 15% with replacement of fly ash in cement 

and then decreases while increasing the fly ash with 20%, 

25% and 30% in cement. The maximum strength occurs at 

15% of fly ash in concrete at 7days, 14days, 28days and 

60days was 6.45, 11.78, 17.00 and 15.95 percentages more 

than the conventional concrete.  

 

Fig.4 Compressive Strength Results for Cow Dung Ash 

 As shown in the graph for 7, 14, 28 and 60 days, it is 

observed that the compressive strength of concrete increases 

with 5% and 10% with replacement of cow dung ash in 

cement and then decreases while increasing the cow dung ash 

with 15%, 20%, 25% and 30%  in cement. The maximum 

strength occurs at 10% of  ash in concrete at 7days, 14days, 

28days and 60days was 4.14, 7.72, 11.56 and 10.12 

percentages more than the conventional concrete.  
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Fig.5 Compressive Strength Results between FA and CDA 

As shown in the graph for 7, 14, 28 and 60 days, It is observed 

that the compressive strength increasing while adding the fly 

ash upto 20% but the cow dung ash in concrete gives strength 

more than conventional concrete only upto 10% adding. The 

maximum strength occurs at 15% of fly ash but in cow dung 

ash it occurs at 10% replacement only. 

B. Split Tensile Strength: 

Concrete cylinders were prepared for testing of 

size150mm in diameter and 300mm in long. The test consists 

of applying a compressive line load along the opposite 

generators of a concrete cylinder placed with its horizontal 

axis between the compressive platens. Due to the compression 

loading a fairly uniform tensile stress is developed over nearly 

2/3 of the loaded diameter as obtained from an elastic 

analysis. The strength of concrete mixes by replacing OPC 

with fly ash as well as cow dung ash at 5%, 10%, 15%, 20%, 

25% and 30% was investigated. The test result has been 

carried out on specimens at 7 days, 14 days, 28 days and 60 

days are presented.  

Table No.3 split tensile strength results for Fly Ash and Cow Dung Ash 

% Replacement in 

cement 

Fly Ash Cow Dung Ash 

7-days 14-days 28-days 60-days 7-days 14-days 28-days 60-days 

0 2.3 2.5 3.3 3.8 2.3 2.5 3.3 3.8 

5 2.84 2.95 3.43 3.91 2.35 2.59 3.61 3.96 

10 2.91 3.03 3.6 4.12 2.44 2.7 3.74 4.27 

15 3.03 3.12 3.8 4.2 2.09 2.24 3.04 3.84 

20 2.54 2.78 3.5 4.01 1.92 2.11 2.92 3.52 

25 2.41 2.61 3.36 3.86 1.74 1.93 2.74 3.21 

30 2.09 2.28 3.18 3.6 1.68 1.70 2.21 2.93 

 
Fig.6 Split Tensile Strength Results for Fly Ash 
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As shown in the graph for 7, 14, 28 and 60 days, it is observed 

that the tensile strength of concrete increases with 5%, 10% 

and 15% with replacement of fly ash in cement and then 

decreases while increasing the fly ash with 20%, 25% and 

30% in cement. The maximum strength occurs at 15% of fly 

ash in concrete at 7days, 14days, 28days and 60days was 

31.73, 24.80, 15.15 and 10.52  percentages more than the 

conventional concrete.  

 

Fig.7 Split Tensile Strength Results for Cow Dung Ash 

As shown in the graph for 7, 14, 28 and 60 days, it is observed 

that the compressive strength of concrete increases with 5% 

and 10% with replacement of cow dung ash in cement and 

then decreases while increasing the cow dung ash with 15%, 

20%, 25% and 30%  in cement. The maximum strength occurs 

at 10% of  ash in concrete at 7days, 14days, 28days and 

60days was 6.08, 8.00, 13.33 and 12.36 percentages more than 

the conventional concrete.  

 

Fig.8 Split Tensile Strength Results of concrete between FA and CDA 

As shown in the graph for 7, 14, 28 and 60 days, It is observed 

that the tensile strength increases while adding the fly ash 

upto 25% but the cow dung ash in concrete gives strength 

more than conventional concrete only upto 10% adding. The 

maximum strength occurs at 15% of fly ash but in cow dung 

ash it occurs at 10% replacement only. 

C  Rapid Chloride Permeability Test 

The rapid chloride permeability test was used for 

determining the chloride penetration resistance ion of the 

concrete is prescribed by ASTM C 1202. Two standard 

cylinders were cast for each mix to execute this test.In this test 

the cylinders of size 100mm diameter and 5mm long. The 

specimens consist of uneven D.C. power supply which feeds 

constant stabilized voltage to the cells which is made by 

polymethyl methacrylate. The concrete specimen is fitted into 

the open faces of the cells and is coated with epoxy to avoid 

leakages. One side of the cells is filled with sodium chloride 
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(NaCl) solution of 2.4M concentration and the other is in with 

sodium hydroxide (NaOH) solution of 0.3M concentration. A 

60V potential difference is applied between the electrodes 

over a period of 6 hours. For every half an hour the reading is 

to be taken. The test results of chloride ion permeability were 

given in below over the period for 28-days and 60-days. 

Table No.4 Rapid Chloride Permeability Test Results for Fly Ash and Cow Dung Ash 

% Replacement in 

cement 

Fly Ash Cow Dung Ash 

28-days Coulombs 60-days Coulombs 28-days Coulombs 60-days Coulombs 

0 1183.7 758.7 1183.7 758.7 

5 983.25 559.8 1123.57 657.9 

10 907.2 491.4 747.90 495.4 

 

% Replacement in 

cement 

Fly Ash Cow Dung Ash 

28-days Coulombs 60-days Coulombs 28-days Coulombs 60-days Coulombs 

15 640.8 407.7 623.70 450.9 

20 517.5 200.7 583.20 383.4 

25 392.4 185.4 449.10 328.5 

30 356.4 162.9 414.90 224.1 

 

The classification of chloride ion penetrability based on 

charge passed (Coulombs) chloride ion penetrability as shown 

in below 

Table No.5 permeability classification 

>4,000 High 

2,000-4,000 Moderate 

1,000-2,000 Low 

100-1,000 Very low 

<100 Negligible 

 

;  

Fig.9 Chloride Permeability of Concrete for Fly Ash 

It is observed that the chloride ion penetrability 

decreases while the percentage replacement of fly ash in 

cement of concrete increases. At the age of 28 days and 60 

days, the permeability decreases along with curing period. 

 

 

Fig.10 Chloride Permeability of Concrete for Cow Dung Ash 

It is observed that the chloride ion penetrability 

decreases along the percentage of cow dung ash in cement of 

concrete increases. The permeability decreases in 28 days and 

60 days of curing. The increasing percentage shows the very 

low chloride ion permeability to the concrete. 

 

Fig.11 Chloride Permeability of Concrete between Fly Ash and Cow Dung 

Ash 
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The chloride permeability of concrete results 

deceases while increasing the percentage of Fly Ash as well as 

Cow Dung Ash in cement. While comparing the results the fly 

ash shows the good results than the cow dung ash of concrete. 

The fly ash and cow dung ash gives the very low permeability 

values of concrete. 

D. Water Penetration Test 

The water penetration test is most commonly used to 

evaluate the permeability of concrete, is the one specified by 

BS EN-12390-8:2000. In this test, water was applied on one 

face of the 150 mm concrete cube specimen under a pressure 

of 5 kg/cm2. This pressure was maintained constant for a 

period of 72 h. After the completion of the test, the specimens 

were taken out and split open into two halves. The water 

penetration profile on the concrete surface was then marked 

and the maximum depth of water penetration in specimens 

was recorded and considered as an indicator of the water 

penetration. The test results are to be taken for concrete cubes 

at the age of curing 28 days. 

Table No.5 Water Penetration Test Results for Fly Ash and Cow Dung Ash 

% 

replacement 

in cement 

Fly Ash 

Water penetration in 

mm 

Cow Dung Ash 

Water penetration in 

mm 

5 15 20 

10 18 24 

15 23 30 

20 26 38 

25 30 43 

30 42 70 

 

Fig.12 Water Penetration of Concrete for Fly Ash 

 It is observed that the water penetration depth  

increases while increasing the fly ash content in cement. The 

water penetration depth for 20% of fly ash gives 26mm which 

is the maximum allowable depth of concrete. 

 

Fig.13 Water Penetration of Concrete for Cow Dung Ash 

It is observed that the depth of penetration at 28 days 

of curing increases while increasing the cow dung ash content 

in cement. Upto 10% adding shows a allowable depth of 

penetration to the concrete. 

 

Fig.14 Water Penetration of Concrete for Fly Ash and Cow Dung Ash 

It is observed that the water penetration depth for fly 

ash is less than compared with cow dung ash. The water 

penetration of reasonable depth achieved in 20% fly ash and 

in 10% of cow dung ash. 

VI. CONCLUSION 

The results of the present research reveals that fly ash and 

cow dung ash can be used as effective supplementary 

cementing materials in concrete. 

1. The compressive strength of concrete increases with 

the increasing of the fly ash upto 20% in cement as 

well as increases with the increasing of cow dung ash 

upto 10% at all stages. 

2. The compressive strength of fly ash gives high 

strength compared to compressive strength of cow 

dung ash of concrete. 
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3. The tensile strength of concrete increases with the 

increasing of fly ash content upto 25% in cement as 

well as concrete increases with the increasing of cow 

dung ash upto 10% at all stages. 

4. The tensile strength of fly ash gives more strength 

compared to cow dung ash of concrete. 

5. The fly ash in concrete  as well as cow dung ash in 

concrete shows low and very low chloride 

permeability of concrete. 

6. The rapid chloride permeability test results of fly ash 

shows good strength to concrete than the cow dung 

ash in concrete. 

7. The water penetration depth was more for cow dung 

ash gives less durability to the concrete than fly ash. 

8. From all results, it concludes that the cow dung ash 

acts as a retarder to cement of concrete gives later 

strength but the fly ash gives strength normally to the 

concrete. 

VII. FUTURE SCOPE 

The research work on pozzolanic materials is still limited. 

But it promises a great scope for future studies. Following 

aspects are considered for future study and investigation. 

1. Optimizing the combination of cow dung ash and fly 

ash as replacement in cement to be studied for better 

strength result. 

2. The workability properties of concrete to be study. 

3. The sustainability of using cow dung ash, fly ash and 

combinations in concrete pavements can be studied 

for better strength. 
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