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Abstract— The Agricultural and Industrial sectors are 

generating numerous volumes of decomposable and non-

decomposable wastes. The solid waste generated gases 

pollutes the environment, consequently contributes to 

greenhouse effects.  Because of these wastes the 

environment gets polluted by various gases which lead to 

greenhouse effect. The construction sector also imparts its 

own part of waste to the environment.  There are numerous 

amounts of agro waste products like rice husk, groundnut 

shells and ash, corn hub, coconut coir. Focusing the cost of 

the cement which is an in peak demand we have to 

concentrate on low cost construction material. This 

experimental work investigates the possibility of using the 

groundnut shell ash as a replacement material for the 

ordinary port land cement. At first, the chemical analysis of 

the groundnut shell ash was determined to conform the 

cementitious properties of the cement. The physical 

properties of the materials (cement, groundnut shell ash, fine 

aggregates and coarse aggregates) were also determined. 

The mix design adopted for this experimental study is M30 

grade of concrete with 1:1.20:2.90 mix ratio. The fresh 

concrete tests were carried out to check the workability of 

using groundnut shell ash in concrete.  The cubes and 

cylinders were casted in the sizes of 150mm x 150mm x 

150mm and 150mm diameter with 300 mm height. The 

specimens were subjected to membrane curing of 7, 14 days. 

The replacement value changes from 5% to 25 % of ash 

replacement ordinary Portland cement to groundnut shell 

ash. The compressive strength decreased as the ash content 

increased. There was an increase in tensile strength at 15 % 

of ash content. 
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I. INTRODUCTION 

Concrete is the combined product of cement, fine aggregates 

and coarse aggregates with water. Each of the material 

individually contributes to make concrete strength able. The 

need of the construction materials also goes on increasing. 

Because of this the cost of concrete production has also been 

increased. The production of cement ends with the 

greenhouse gas effects. 

 Several researchers (1-9) had started for searching 

new materials which can act as a binding agent with cement. 

Akionbare (2013) investigated the usage of  supplementary 

cemetitious materials like rice husk ash, groundnut shell ash, 

palm kernel shell ash, corn cob ash and saw dust ash can be 

used as a replacing material for the cement in concrete 

production. Alabadan et al (2006) reported that 30% 

replacement of cement with groundnut shell ash gave better 

result in the strength of the composite concrete when 

compared with the controlled value. The effect of using the 

new material should be economically safe and suitable for 

the environment. Buari (2013) experimented the ground nut 

shell ash and reported the test results for 56 days 

 India is the second largest country in producing 

groundnuts in the world (6.25 million metric tons per year). 

Ndeofo (2013) reported that 40% of groundnut is the shell. 

Because of this the wastage of the groundnut has been 

increased and it is thrown as the waste shells are used for 

burning purposes. After burning the final product we get is 

groundnut shell ash. 

 With the result from various researchers, this paper 

is to make an attempt with the usage of groundnut shell ash 

as a replacement material for cement with the following  

II. OBJECTIVES 

 To study the chemical composition of the groundnut 

shell ash this is proposed to be a substitute material for 

concrete. 

 To experimentally investigate and study the strength 

characteristics of fresh and hardened concrete using the 

waste. 

III. LITERATURE REVIEW 

Adole (2011) experimentally reported the effects of the 

chemicals when used in cement with groundnut shell ash. 

The chemicals used for this experiment were MgSo4, NaCl 

and H2So4. The compressive strength of concrete was 

determined and tested at 14, 21, 28 days. The study 

concluded that the usage of MgSo4 and NaCl was better 

proven. 

 The experimental work of Nwofor (2012) 

explained the stability of groundnut shell ash with ordinary 

Portland cement. The chemical analysis was determined for 

the ash and compared with cement. The ash replacement 

was from 0 to 40%. The compressive strength and density 

was determined in 7, 14, 21, 28 days. The size of the cube 

was 100mm in dimension. There was a decrease in density 

and compressive strength as the ash content increased. 

 Mahmoud (2012) produced the sand Crete blocks 

by using the groundnut shell ash as a replacement for the 

cement. The replacement levels were from 0 to 50 %. The 

chemical analysis of the groundnut shell ash was observed. 

The compressive strength of the blocks were determined. 

The strength decreased as the percentage of ash content 

increased. The curing and tested days were 7, 14, 21, 28 

days. 

IV. MATERIALS 

The materials used for making concrete in this project were 

cement, groundnut shell ash, sand (fine aggregate), gravels 

(coarse aggregate) and water for the curing stage. 

 The groundnut shells for this project were obtained 

from the local agricultural yards. The shells were collected 

and transported the place where the burning and grinding 
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were carried out. The ashes were collected and sieved. 

Ordinary Portland cement was used as a main binding agent. 

The fine aggregate used was normal river sand which was 

less than 4.75mm size. The usage of wet sand the water 

content will get increased and it leads to high workable 

concrete. The coarse aggregate used was 20mm maximum 

in size. 

A. Sample Preparation 

The main sample preparation is groundnut shell ash. 

Groundnut shell ash is one of the major agricultural crops 

produced in Dindigul. The obtained shells were cleaned and 

removed from the impurity which was present in it. After 

removing the foreign particles, the shells were grinded in the 

local mills to form in a powder form. The powdered 

particles have to be kept in open atmosphere to remove the 

water particles if it is in the ash. The particle has to be burnt 

in kiln or open atmospheric fire to produce the ash. While 

burning the carbon content presented in the ash has to be 

removed. The colour of the ash has to change from black to 

whitish brown. The ash has to be sieved in 150 µ and the 

retaining ash should be collected in 90 µ sieve size. 

V. RESULTS & DISCUSSION 

A. Chemical Analysis 

The chemical analysis was carried out in Ghandhigramam 

University for the groundnut shell ash and the cement. The 

test was carried on X-ray analysis called Energy dispersive 

X-ray analysis (EDXA). From the result table it is 

conformed that Groundnut shell ash has been found to be 

pozzolanic as it contains alumina, lime and silica. By 

interpolating the values for cement with 30% of ash with 70 

%of cement gives sound results. The calcium and aluminum 

content was 6.24% and 23.18% this is comparatively higher 

than cement content. The presence of the result of chemical 

analysis ensures that the usage of groundnut shell ash as a 

replacing material. 

Elements OPC GSA 
30% 

GSA 

50%  

GSA 

70%           

GSA 

O 50.8 44.4 49.2 63.1 77.0 

Ca 33.9 13.3 36.1 14.5 6.8 

Si 12.2 8.9 11.3 7.2 5.8 

Mg 0.4 23.5 0.3 3.3 6.5 

Fe 0.8 5.9 0.4 7.71 1.66 

Al 1.64 3.77 2.0 3.97 3.06 

Table 1: Elements Present in the Materials 

 
Fig.  1: Element in Cement and GSA 

B. Specific Gravity 

Specific gravity bottles like density bottle, pyncometer 

bottles are used for finding the specific gravity of cement, 

groundnut shell ash, sand, coarse aggregates. The results 

indicate that the specific gravity of groundnut shell ash is 

less than cement. Kamang et al (2001) reported the specific 

gravity value for ash as 1.9 which is closer to the groundnut 

shell ash specific gravity of 2.29. The result of specific 

gravity is indicated in table (2) 

Cement 
Groundnut shell 

ash 

Fine 

aggregate 

Coarse 

aggregate 

2.75 2.29 2.68 2.97 

Table 2: Specific Gravity of the Materials 

C. Fineness Test & Standard Consistency 

The fineness and standard consistency tests were conducted 

on cement and groundnut shell ash. The fineness test results 

for OPC grade is less than 10. The cement and the ash 

content has satisfied the recommendations of OPC. The 

standard consistency test is to find out the percentage of 

water to be added to the cement. The results indicate that the 

standard consistency is same for both cement and groundnut 

shell ash. 

Description Cement Groundnut shell ash 

Fineness test 3% 4% 

Standard consistency 34 % 34% 

Table 3: Fineness & Standard Consistency 

D. Sieve Analysis 

The sieve analysis test was conducted for fine aggregates. 

By using this fineness modulus of the material was 

determined. It was carried for river sand of 1000 gms. The 

moisture content of the sand was removed by drying it in 

open atmosphere. The results are tabulated in table (4).The 

fineness modulus of the fine aggregate is 3.49 

I.S Sieve sizes Retained weight of F.A (gms) % Finer 

4.75 39 96.1 

2.36 69 89.2 

1.18 173 71.9 

600 µ 230 48.9 

425 µ 180 30.9 

300 µ 198 11.1 

150 µ 100 1.1 

75 µ 10 0.1 

Pan 1 0 

Table 4: Particle Size Distribution Fine Aggregates 

E. Slump Test 

The slump test is used to find the consistency of the fresh 

concrete. It measures the consistency or the wetness of 

concrete. The inside of the mould and its base should be 

moistened at the beginning of every test. The slump value is 

indicated in table (5) 

Slump value  (mm) 
0% 5% 10% 15% 20% 25% 

40 33 30 23 19 10 

Table 5: Slump Values 

F. Compaction Factor Test 

It is also used for finding the consistency of the concrete. 

The upper and the lower moulds has to be cleaned and oiled 
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for the easy flow of the concrete. The results indicate that 

the compaction factor is good for if there is a decrease in the 

groundnut shell ash. The compaction factor value is 

indicated in table (6) 

Compaction factor 
0% 5% 10% 15% 20% 25% 

0.9 0.9 0.86 0.81 0.75 0.7 

Table 6: Compaction Factor Test 

G. VEE- BEE Consistometer Test 

This test is used to find the compactability of freshly mixed 

concrete. The test changes the shape of the concrete from 

cone to cylinder using vibration. The compactability value is 

indicated in table (7) 

Vee Bee 

consistometer 

(secs) 

0% 5% 10% 15% 20% 25% 

8 12 17 23 29 33 

Table 7: Vee Bee Consistometer Test  

 
Fig. 2: Fresh Concrete Tests for Various Replacements 

H. Compression Test 

The concrete cubes have been casted and cured for 7, 14, 

days.  Before crushing, the cubes were brought out of the 

water. The cubes were placed between plates. The 

compressive strength was determined by dividing the 

maximum load by cross sectional area. The unit is N/mm
2
. 

The results are indicated in table (8) 

Replacement % of 

GSA 

7 days 

(N/mm
2
) 

14 

days(N/mm
2
) 

0% 27.46 29.06 

5% 21.50 25.72 

10% 20.19 22.09 

15% 15.18 20.16 

20% 13.22 17.29 

25% 5.52 17.14 

Table 8: Compressive Test Result with Various 

Replacement % 

 
Fig. 3: Average Compressive Test Result for Various 

Replacement % 

1) Splitting Tensile Test 

The specimens had been cured for the proper length of time 

in the water tank, after that the immersed specimens were 

taken out from water and allowed to dry. The specimens 

were loaded continuously with uniform load and the failure 

load was recorded in table (9) 

Replacement 

% of GSA 

7 days 

(N/mm
2
) 

14 

days(N/mm
2
) 

0% 1.59 1.66 

5% 1.70 1.77 

10% 2.02 2.08 

15% 2.40 2.47 

20% 1.94 1.98 

25% 1.80 1.88 

Table 9: Split Tensile Strength of Cylinders 

 
Fig. 8: Average Split Tensile Test Result with Various 

Replacement % 

VI. DISCUSSION 

Groundnut shell ash contains the main chemical constituents 

of cement this has been conformed in table 1. It is concluded 

that the groundnut shell ash can also a binding agent as 

cement. The physical properties of the materials are 

indicated in table 2, 3, 4. From the table 3 the standard 

consistency of the cement and ash is equal. The fineness 

modulus of the sand is indicated in table 4. The slump, 

compaction factor and vee bee consistometer are represented 

in table 5, 6, 7 and in figure 2. The compressive strength test 

and results indicates that the increase in ash content there is 

a decrease in strength in table 8 and figure 3,4,5,6. Split 

tensile result is indicated in table 9 and figure 6, 7, 8. 

VII. CONCLUSION 

The result shows that the compressive strength of control 

concrete is higher than 25% of replacement of groundnut 

shell ash is 51.6 % at 14 days. This indicates that the 

increase in ash content will decrease the compressive 

strength. The split tensile strength of the control concrete is 

less than 12.43 % comparing with 25 % of ash replacement 

at 14 days. For the future investigation the work has to be 

extended for 28 and 56 days.  The usage of the groundnut 

shell ash utilization in producing concrete will reduce the 

agricultural waste. 

VIII. RECOMMENDATIONS 

For further investigations the following recommendations 

may be adopted: 
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1) The strength of using groundnut shell ash can also be 

determined from various tests like durability tests, non-

destructive test and it can be compared. 

2) The usage of groundnut shell ash reduces the 

workability of concrete so may be super plasticiser can 

be added. 
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