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Abstract— The study shown in this paper reflects usage of 

cow dung ash a supplementary cementitious material. In the 

study carried out by us, we have focused on using cow dung 

ash as a supplementary cementitious material. Cow dung ash 

(CDA) is readily available as a result of burning dried cow 

dung cakes which is often used as a source of fuel to generate 

heat. We have used CDA as a supplementary cementitious 

material (SCM) up to 0%, 6%, 11%, 16%, 21%, 26% and 

31% by weight in the concrete mix and cured the samples for 

a period of 3, 7, 14, and 28 days. Thus, the samples were 

tested for various tests namely physical, chemical, initial and 

final setting time, workability, consistency and compressive 

strength and results were obtained to ascertain the usage of 

cow dung ash as a supplementary cementitious material. The 

results obtained were analyzed to conclude usability of CDA 

in future by helping preserve our environmental ecosystem.  
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I. INTRODUCTION 

In the twenty first century, the demand of concrete has grown 

enormously due to rapid development of infrastructure and 

fast progressing world. This in turn has compelled cement 

industry to produce more and more cement to meet growing 

requirement of concrete. The production of cement has also 

impacted the environment adversely as its production releases 

CO2 into the atmosphere which is a major greenhouse gas. It 

accounts for more than 60% of global warming. Cement 

industry releases approximately 5-6% of CO2 globally as 

production of one ton of cement emits 0.9 ton of CO2. 

In the fast-changing world, demand for natural 

resources has soared to such an extent that the ability of future 

generations to meet their own needs is at risk. Cement is one 

such product which along with other natural resources such 

as water, fine and coarse aggregates combine to form 

concrete mix. Thus, to protect our future generations from 

any immediate crises, it has become necessary that we strive 

for other options so that development meets the needs of the 

present without compromising the ability of future 

generations to meet their own needs. For the concerned cause, 

lot of research and study is already in progress all over world 

and many possible solutions has been recommended to utilize 

less cement by means of what is called supplementary 

cementitious cement. Few supplementary cementitious 

materials namely sawdust ash, rice husk ash, fly ash, 

granulated blast furnace slag are used by partial replacement 

of cement in concrete. In this paper, we have experimented 

with cow dung ash to provide solution in the form of a 

versatile supplementary cementitious material which can be 

used in a similar way as we are doing away with fly ash, rice 

husk ash or other SCM’s. 

 

Dried cow dung cake is an excellent source of fuel. 

In rural areas, cakes of dried cow dung are burnt to provide 

heat and flame for cooking purposes. Dried cow dung cake 

does not have any objectionable odour. The energy stored in 

cow dung is often utilized by making biogas from the dung. 

A biogas is a mixture of gases produced by the anaerobic 

digestion of organic matter by bacteria. The biogas which is 

formed in this process is reacted with oxygen to produce 

energy. The gas has many uses and can be used to cook food, 

heat water in a boiler and replace conventional fuel in motor 

vehicles. In addition, the energy in a biogas can be utilized to 

produce electricity. A mixture of mud and cow dung paste is 

often applied to the floors of rural houses. The mixture 

supposedly forms a waterproof layer that helps to insulate the 

house from heat entry or loss and also does not smell 

unpleasant. The smoke emitted from burning cow dung cake 

has been found to repel insects, including mosquitoes. This 

has helped to deliberately use cow dung as an insect repellent 

material in many areas. It is well known fact that cow manure 

makes an excellent fertilizer. Cow manure is rich source of 

minerals, especially nitrogen, phosphorus, and potassium. It 

supports the growth of beneficial microorganisms when it's 

mixed with soil. Manure can also improve the texture of the 

soil and help it to sustain moisture. Often, however, manure 

is too rich in some of the chemicals and needs to be diluted or 

left to sit in the soil for a while before planting crops. Fig -1 

shown below shows picture of dried cow dung cakes in 

sunlight. 

 
Fig. 1: Dried Cow Dung Cake 

II. COW DUNG ASH 

Cow dung is the excreta produced by cow as a waste material. 

Cow dung produced is subjected to sunlight to makes it dry. 

The cakes were then lit to lead the formation of cow dung ash 

(CDA). The ash obtained was subjected to physical and 

chemical examination and results were positive for using cow 

dung ash as an SCM. Fig -2 shows the cow dung ash that is 

dark grey in colour. 
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Fig. 2: Cow Dung Ash 

After subjecting the CDA to chemical analysis, 

results showing composition of CDA by weight as shown in 

Table -1 were obtained. It was known that the ash contains 

high silica which is also one of the primary contents of 

Portland Cement. 

Loss of ignition (L.O.I) 3.19 % 

Silica (SiO2) 75.5 % 

Potassium Oxide (K2O) 7.15 % 

Alumina (Al2O3) 2.68 % 

Ferric Oxide (Fe2O3) 2.73 % 

Calcium Oxide (CaO) 3.31 % 

Magnesium Oxide (MgO) 1.81 % 

Sulphuric Anhydride (SO3) 0.24 % 

Sodium Oxide (Na2O) 2.95 % 

Table 1: Chemical Properties 

After subjecting the CDA to physical analysis, 

following results as shown in Table -2 were obtained. 

Colour Dark Grey 

Specific Gravity (gm/cc) 2.72 

Fineness (m2/kg) 382 

Table 2: Physical Properties 

A. Specific Gravity 

The specific gravity is normally defined as the ratio between 

the weight of a given volume of material and weight of an 

equal volume of water. Specific gravity of CDA was tested 

and found to be 2.72. 

B. Fineness 

Fineness is very important property of any supplementary 

cementitious material and is responsible for rate of hydration, 

and in turn, the strength. Increasing fineness causes an 

increase in rate of hydration, strength and heat generation. 

Bleeding can be reduced by increasing fineness. However, 

increased fineness can also lead to the requirement of more 

water for workability, resulting in a higher possibility of dry 

shrinkage. The increased surface area-to-volume ratio will 

ensure a more available area for water-cement interaction per 

unit volume. Fineness by specific surface was found out to be 

382 m2/kg whereas minimum recommended as per IS: 3812 

Part 1-2003 is 320 m2/kg.  

C. Setting Time 

The time period elapsing between the time, water is added to 

the cement and the time, the needle fails to pierce the test 

block by 5.0 ± 0.5 mm measured from the bottom of the 

mould, is the initial setting time. The initial setting is time 

when chemical reaction between cement and water is start i.e. 

the paste starts losing its plasticity. 

As per the IS: (4031-Part 5-1988), the initial and 

final setting time of cement was determined by Vicat 

apparatus confirming IS: 5513-1976. 

The period elapsed between the time, water is added 

to the cement and the time, the needle makes an impression 

on the surface of the test block, while the attachment fails to 

do so, is the final setting time. Final setting is the time when 

the chemical reaction between cement and water ceases that 

is the time at which cement completely loses its plasticity and 

becomes hard and stiff. 

The apparatus for initial and final setting time 

calculation by means of Vicat apparatus is shown below in 

Fig -3 and the calculations tabulated are shown in Table -3. 

 
Fig. 3: Vicat Apparatus 

CDA 

% 

Initial Setting Time 

(mins) 

Final Setting Time 

(mins) 

0 34 353 

6 39 384 

11 54 426 

16 71 451 

21 98 489 

26 117 538 

31 152 573 

Table 3: Setting Time 
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1) Chart -1: Setting Time 

 

D. Slump Test 

Slump test was conducted on fresh concrete to determine the 

workability of concrete as per IS 456 - 2000. It is one of the 

most common method for measuring the workability of 

concrete. It can be easily performed in lab as well as at site. 

Uniformity of the concrete regarding workability and quality 

aspect can be ascertained by observing the nature by which 

the concrete slumps. It is not very suitable for extremely wet 

or extremely dry concrete. 

To carry out the process, a steel mould in the form 

of frustum of cone is used in slump test which has the top 

diameter of 100 mm, bottom diameter of 200 mm and height 

of 300 mm. As per the Indian standard specification, the 

maximum size of the aggregate in concrete that can be used 

to perform slump test is restricted to 38 mm. 

Firstly, the mould is cleaned and freed of all 

impurities and any surface moisture after which the concrete 

is poured in three layers. Each layer is tamped 25 times with 

a standard tamping rod of 16 mm diameter and 0.6 meter 

length. Immediately after filling and tamping, the cone is 

slowly lifted and the concrete is allowed to subside. The 

decrease in the height of the center of the slumped concrete is 

called slump and is measured to the nearest 5 mm. 

If the concrete subsides evenly all round, the slump 

measured is true slump. If one half of the cone slides down 

an inclined plane, a shear slump is said to have occurred and 

the test has to be repeated. Extremely wet mix shows 

collapsible type of slump. 

 
Fig. 4: Types of Slump 

Workability calculations for various proportion of 

CDA are shown in Table -4. 

CDA % Workability (mm) 

0 50 

6 57 

11 63 

16 71 

21 80 

26 92 

31 109 

Table 4: Workability 

E. Consistency 

Standard consistency is known as the requirement of water 

for the normal consistency. Standard consistency is 

determined as per IS: (4031-Part 4-1988). Vicat apparatus 

confirming IS: 5513-1976 used for the purpose. 

The principle states that standard consistency of 

cement paste when mixed with different percentages of cow 

dung ash is that consistency at which the Vicat plunger 

penetrates to a point 5-7 mm from the bottom of Vicat mould. 

The permissible variation at a load of 1000g should be +1.0g, 

Gauging trowel is used as per IS: 10086 – 198. Table -5 

shows that for 0%, 6%, 11%, 16%, 21%, 26% and 31% of 

cow dung ash percentages. It can be seen that by increasing 

cow dung ash percentage to cement, more water content is 

required by increasing the ash content. 

CDA % Consistency Limit 

0 0.47 

6 0.50 

11 0.54 

16 0.58 

21 0.66 

26 0.73 

31 0.82 

Table 5: Consistency 

F. Compressive Strength Test 

The compressive strength of cubes was calculated in 

accordance with IS: 456-2000. The test specimen was 

moulded in cubes having size of 15 cm x 15 cm x 15 cm. The 

test was conducted at room temperature of around 28 o C. Fine 

and coarse aggregates used in the concrete mix were 

thoroughly air dried and graded as per the required 

specifications. Fresh cement was then mixed with the help of 

laboratory concrete batch mixer to obtain uniformly 

homogenous mix by taking care that no foreign material 

enters in the mix. For every batch of concrete formed, 10% 

excess was left after moulding the number of test specimens. 

Test specimens after mixing were put in moulds and 

subjected to laboratory vibration machine to provide 

necessary compaction in such a way that neither segregation 

nor laitance is produced. This ensures that the mixture is 

homogeneous and fully compacted. After setting of concrete 

the moulds were cured and tested after 3, 7, 14 and 28 days 

for concrete having CDA upto 0%, 6%, 11%, 16%, 21%, 26% 

and 31% respectively. While testing of concrete cubes, 

several precautions were taken care off to ensure correctness 

in results. The sample to be tested shall be capped before 

testing. The capping material shall be such that its 
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compressive strength is greater than that of the concrete in the 

core. The cap used shall be as thin as possible and should not 

flow or fracture before the concrete fails when the specimen 

is tested. The capped surfaces were at right angles to the axis 

of the concrete specimen. All the dust and loose particles 

were cleaned from the bearing surface of the testing machine 

and the specimen surface. After aligning the axis of specimen 

with the center of thrust of the spherically seated platen, load 

was applied until the resistance of the specimen to the 

increasing load ceases and no greater load can be sustained. 

Finally, the maximum load applied to the test specimen was 

recorded. Thus, the compressive strength of the specimen was 

arrived at by calculations involving division of the failure 

load by the cross-sectional area of the specimen. Fig -5 shows 

Universal Testing Machines used for testing compressive 

strength of concrete cubes. Also, Table -6 illustrates 

compressive strength of CDA concrete cubes with respect to 

various proportions of CDA. 

 
Fig. 5: Universal Testing Machine 

Sr. 

No. 

Mix 

Code 

CDA 

% 

Age in 

Days 

Compressive 

Strength (N/mm2) 

1 CDA00 0 

3 7.80 

7 13.33 

14 18.72 

28 21.22 

2 CDA06 6 

3 8.90 

7 14.55 

14 19.13 

28 21.78 

3 CDA11 11 

3 7.53 

7 12.00 

14 16.04 

28 17.84 

4 CDA16 16 

3 4.98 

7 9.21 

14 13.66 

28 14.35 

5 CDA21 21 

3 4.10 

7 7.23 

14 10.65 

28 11.16 

6 CDA26 26 

3 3.70 

7 6.68 

14 8.25 

28 9.83 

7 CDA31 31 

3 2.85 

7 4.14 

14 5.60 

28 6.57 

Table 6: Compressive Strength 

1) Chart -2: Compressive Strength 

 

III. CONCLUSIONS 

After analyzing the test results, we can infer that: 

 Cow dung ash exhibit all the characteristics expected 

from a supplementary cementitious material. Its fineness 

surface area is suitably in the range of pozzolans which 

offers more surface area for reaction and increases rate 

of hydration. This helps in imparting strength to CDA 

concrete mix. 

 Initial and final setting time is found to increase after 

increasing percentage of CDA. 

 CDA can be effectively used as a retarder as we can see 

from the results that it prolongs the setting time of 

cement. Hence, it can be constructively used in hot 

weather conditions.  

 Workability of CDA concrete is found to increase with 

rise in percentage of CDA in concrete mix. This can be 

attributed to the high demand for water as pozzolanic 

cement concrete in which the silica – lime reaction needs 

more water in addition to the water required during 

hydration of cement. 

 Consistency increases with addition of CDA as the ash 

particles are very fine with more surface area and 

porosity which helps in absorbing more water. 

 Compressive strength of CDA concrete cubes were 

tested and it can be inferred from the results that at 6% 

of CDA, strength achieved is maximum. CDA reacts 

with Calcium Hydroxide released in what is called the 



Use of Cow Dung Ash as a Supplementary Cementitious Material 

 (IJSRD/Vol. 7/Issue 09/2019/036) 

 

 All rights reserved by www.ijsrd.com 138 

pozzolanic reaction to produce calcium silicate 

hydrates(C-S-H) which imparts strength. The C-S-H 

formed is a stable compound and is responsible for the 

significant gain of strength. While we as we keep on 

increasing CDA percentage, it is visible that the 

compressive strength plummets rapidly. 

 Cow dung ash definitely exhibits pozzolanic traits due to 

which it can be used as a supplementary cementitious 

material. This will also ensure utilization of waste 

products by saving cost. The environment will be at 

comparatively less risk as cement can be saved and CO2 

emission will be reduced. 

ACKNOWLEDGEMENT 

We would like to sincerely express our gratitude to honorable 

Principal of Yeshwantrao Chavan College of Engineering, 

Dr. U.P. Waghe, for extending support to us from time to 

time. We are thankful to entire staff and faculty of the 

Department of Civil Engineering for sharing their pearls of 

wisdom with us during the course of this research, thus 

helping us successfully complete this research project. 

REFERENCES 

[1] M.R. Karim, M.F.M. Zain, M. Jamil, F.C. Lai and M.N. 

Islam (2012), Strength of mortar and concrete as 

influenced by rice husk ash, World Applied Sciences 

Journal, Vol. 19, pp 1455-1567. 

[2] Mehta, 2004, “High-Performance, High-Volume Fly 

Ash Concrete for Sustainable Development”, 

International Workshop on Sustainable Development 

and Concrete Technology, May 20-21, Beijing, China.  

[3] Luan Huynh, Stephan Foster, Hamid Valipour, Robert 

Randall (2015), ‘High strength and reactive powder 

concrete columns subjected to impact: Experimental 

investigation, Construction and Building Materials, 

vol.78, pp. 121-184. 

[4] Falade, F, Efe, I and Fapohunda (2012). Potential of 

Pulverised Bone as a Pozzolanic material. International 

Journal of Scientific and Engineering Research 3(7), pp. 

1-19 

[5] Sooraj V.M. (2012), Effect of palm oil fuel ash (POFA) 

on strength properties of concrete, International Journal 

of Scientific and Research Publications, Vol. 3, pp 674-

705. 

[6] Neville, A.M and Brooks, J.J (1990) Concrete 

Technology (2nd edition). Longman Publishers ltd, 

Singapore. Pp 3-31, 411-442 

[7] Mehta and Malhotra, V.M., 2002, High- Performance, 

High-Volume Fly Ash Concrete. Supplementary 

Cementing Materials for Sustainable Development, Inc., 

Ottawa, Canada,   

[8] Mahmoud Nili, V. Afroughsabet (2010), ‘Combined 

effect of silica fume and steel fibres on the impact 

resistance and mechanical properties of concrete’, 

International Journal of Impact Engineering, vol.37, pp. 

857-891. 

[9] Meyer, 2005, Concrete as a green building material, 

Invited Lecture, Proceedings of the Third Int. 

Conference on Construction Materials, ConMat'05, 

Vancouver, Aug. 18-29. 

[10] Salisu, N.D (2007). Catle in the News. Retrieved From 

http://www.gamji.com/article4000/NEWS4919.htm 

[11] Lawal, A (2012). Dynamics of Ruminant Livestock 

Management in the context of the Nigerian Agricultural 

System. Retrieved from: 

http://cdn.intechopen.com/pdfs-wm/40420.pdf 

[12] S. Barathanand and B. Gobinath (2013), Evaluation of 

wood ash as a partial replacement to cement, 

International Journal of Science, Engineering and 

Technology Research (IJSETR) Vol. 2, pp 2007-2015.  


