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Abstract  This study aimed to determine the effect of 
Groundnut Shell Powder (GSP) on the concrete 
compressive strength as a partial substitute for cement with 
a variation of 0%, 5%, 7.5%, 10%, and 12.5%. The 
composition of the concrete mix consists of coarse 
aggregate with a maximum aggregate diameter of 19.1 mm 
and Portland cement Type I. The additional material uses 
groundnut shell powder which is processed through drying 
and grinding then sieved to pass sieve no.200, then mixed 
in concrete as a partial replacement of cement. The 
concrete test object is a cylinder 15 cm in diameter and 30 
cm in height. The compressive strength of concrete is 
tested at 14 and 28 days. The results of the average 
compressive strength at the age of 14 days were with 
variations of 0%, 5%, 7.5%, 10%, and 12.5%, respectively 
(MPa) 18.495, 23.590, 22.930, 17.174, and 13.777, while 
at the age of 28 days respectively (MPa) 26.610, 24.157, 
19.816, 18.684, 16.608. Optimum compressive strength 
values of 14- and 28-days age were in the 5% percentage, 
namely 23.590 and 24.157 MPa. The lowest decrease also 
occurred at the percentage of 12.5%, namely 13.777 and 
18.684 MPa. Based on the results shown, there is upsurge 
in compressive strength, however increasing the 
percentage of GSP makes the compressive strength of 
concrete decrease. 

Keywords Groundnut Shell Powder, Partial 
Replacement of Cement, Concrete, Compressive Strength 

1. Introduction
Concrete is a construction material consisting of 

aggregate, cement and water. According to Sagel [1], 
"Portland cement is a cement consisting of hydraulic 
calcium silicates together with additional materials 
commonly used, namely gypsum". Furthermore, Nawy [2] 
defines Portland cement (PC) as follows: Portland cement 
is made from a fine powder of crystalline minerals whose 
main composition is calcium or limestone (CaO), alumina 
(Al2O3), silicate sand (SiO2) and iron ore materials (FeO2) 
and MgO and SO3 compounds, the addition of water to 
these minerals will produce a paste which when dry will be 
strongly similar to rock. 

Groundnuts are one of Indonesia's most widely 
produced agricultural natural resources, where the shells 
have not been utilized and become waste [3]. Groundnuts 
shells powder (GSP) contains chemicals, namely calcium 
oxide (CaO) 6.23%, aluminum oxide (Al2O3) 1.67%, silica 
(SiO2) 0.87%, magnesium oxide (MgO) 0.18%, and 
ferrous oxide (FeO) 0.07% as cement-forming element [4]. 
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Table 1.  Chemical Composition of Groundnut Shells Powder (GSP) 

Number Composition Percentage 

1 Calcium oxide (CaO) 6.23 % 

2 Aluminums oxide (Al2O3) 1.67 % 

3 Potassium oxide (K2O) 0.92 % 

4 Silica oxide (SiO) 0.87 % 

5 Magnesium oxide (MgO) 0.18 % 

6 Sodium oxide (Na2O) 0.18 % 

Lakshmi and Sagar [5] stated that the compressive 
strength of concrete increased in variations of 5 and 10% of 
partial substitute of Cement from Groundnut Shell Ash 
"aim to determine the effect of additions on the 
compressive strength and split tensile strength of concrete 
and variations in the percentage of additions to the concrete 
to be added. The results show that the compressive and 
tensile strength of 5% and 10% variation in normal 
concrete increased, while the 15%, 20%, 25%, and 30% 
variations show a decrease. The increase of the optimal 
compressive strength and split tensile strength of concrete 
is obtained at a variation of 10% from normal concrete. 

M. Nurul Setyawan [6], in his research, said that the 
concrete brick produced by the addition of activated 
Groundnut shell charcoal waste after being used as an 
adsorbent of Cu (II) metal ions had a compressive strength 
of 23.8824 MPa, compared to the compressive strength of 
ordinary concrete bricks of 22.6834 Mpa. Samsunan et al. 
[7] stated the effect of groundnut shell ash (GSA) used as 
partial cement substitution on concrete increases 
compressive strength. 

2. Research Method 
The research was conducted at the Laboratory of the 

Department of Civil Engineering, Teuku Umar University. 
Concrete forming materials consist of coarse aggregate, 
fine aggregate, cement, water and groundnut shell powder 
(GSP). This research begins with material preparation, 
equipment preparation, processing of Groundnut shells, 
checking the physical properties of the aggregate, planning 
the concrete mix (mix design), working on the concrete 
mix, testing fresh concrete (slump test), making the test 
object, treating the test object, and testing. 

2.1. Materials 

This research begins with material preparation, 
equipment preparation, aggregate manufacture, physical 
properties inspection of aggregates, concrete mix design, 
concrete mix manufacture, concrete mix inspection, 
specimen manufacture, specimen maintenance and test 
specimen testing. The stages of work, from preparation and 
procurement of materials, examination of physical 
properties of aggregates, planning of concrete mixing, 
manufacture of test objects, maintenance of test objects and 
testing of test objects, are carried out at Department of 
Civil Engineering Laboratory, Faculty of Engineering, 
Teuku Umar University. 

The materials used to make normal concrete are Portland 
cement, fine aggregate (sand), coarse aggregate (split) and 
water, with the addition of Groundnut Shell Powder (GSP). 
GSP has been tested for the chemical properties of 
Groundnut shells, namely at the Banda Aceh Industrial 
Baristand Testing Laboratory. 

According to the Indonesian National Standard (SNI 
2049:2015)[8], Portland cement type I. Inspection of 
coarse aggregate (split) and fine aggregate (sand) as a 
concrete-forming material is carried out according to what 
is stipulated in SNI 2847:2013 [9]. The examinations 
included specific gravity, absorption, bulk density, sieve 
analysis, and fineness modulus. Water in the form of clean 
water was obtained from the Laboratory. The raw material 
for Groundnut shells is cleaned of other waste and then 
dried in the sun, after drying it is ground into powder and 
sieved through a filter that passes no. 200. 

2.2. Method 

Mix design is based on the American Concrete Institute 
(ACI) method with a water-cement factor of 0.56. The 
standard makes the test object in the form of a cylinder 
15cm and 30 cm high. Design the composition of the 
normal concrete mix and concrete with the addition of 
Groundnut shell powder (GSP) with 5%, 7.5%, 10% and 
12.5% as a partial replacement for cement. the concrete 
mixture's design is carried out based on the results of the 
examination of the aggregate's physical properties. Mix 
proportions for 1m3 of concrete can be seen in Table 2 
below: 

Table 2.  Mix design with 1m3 concrete 

Materials 
Percentage of GSP 

0% 5% 7.5% 10% 12,5% 

Cement (kg) 362.889 359.260 357.446 355.631 353.817 

GSP (Kg) 0.000 3.629 5.443 7.258 9.072 

Water (l) 167.896 167.896 167.896 167.896 167.896 

Fine Aggr (Kg) 602.362 602.362 602.362 602.362 602.362 

Coarse Aggr (Kg) 1212.253 1212.253 1212.253 1212.253 1212.253 
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The ingredients for making concrete are aggregate, 
cement, and water added with Groundnut shell powder 
(GSP) as a partial substitute for cement with variations of 
0%, 5%, 7.5%, 10%, and 12.5%. As listed in the table 
above, all aggregates are mixed and stirred using a concrete 
mixer. After the concrete is mixed evenly, the fresh 
concrete is tested, including the slump test, moisture 
content, porosity, and measuring the temperature of the 
fresh concrete. Fresh concrete was put into a cylindrical 
mold (Ø15 cm, T= 30 cm) and stood for 24 hours. The 
specimens were made for testing at the age of 14 days and 
28 days. After the concrete hardens, the test object is 
treated according to the design age, and then the 
compressive strength test of the concrete is carried out after 
the concrete reaches the design age. 

The test object that has been treated is removed from the 
soaking tub and aired to dry the surface. The test object is 
weighed by weight and size and then capped on the upper 
and lower surfaces of the test object with sulfur mortar. 
Then the test object is placed on the press machine 
centrally; then, the press test machine is run with a constant 
load addition ranging from 0.7 MPa/minute to 1.4 
MPa/minute. Loading is carried out until the test object is 
destroyed at maximum load with the compression machine 
test. 

3. Result and Discussion 

3.1. Result of Materials Properties 

The results of physical properties examination of coarse 
and fine aggregates such as bulk density, specific gravity 
saturated surface dry, specific gravity oven dry, and 
Absorption and fineness modulus (FM) of aggregate, as 
shown in Table 3. 

Test results of the physical properties of the material 
obtained for each type of aggregate for bulk density, 
Specific gravity, Absorption and fineness modulus are 
shown in Table 3. 

The results of bulk density of aggregate, specific gravity, 
Absorption and fineness modulus tests show that the 
material used complies with the requirements based on 
ASTM. 

3.2. Result of Slump Test 

The data obtained from the slump test results for each 
variation of the addition of Groundnut shell powder 
indicate that the concrete mix slump value ranges from 7.5 
cm - 10 cm, as shown in Figure 1 below. 

Table 3.  Test result physical properties of materials 

Specific Gravity 

Type of Aggregate 
Bulk Density 

(Kg/l) 
Sat. Surface Dry 

(Kg/l) Oven Dry (Kg/l) 
Absorption 

(%) 
Fineness Modulus 

(FM) (%) 

Coarse Aggregate 
Result 1.98 2.663 2.602 2.348 6.695 

ASTM 1.6 – 1.9 1.60 – 3.20 1.60 – 3.20 0.2 – 4.0 5.5 – 8.5 

Fine Aggregate 
Result 1.817 2.473 2.426 1.956 3.049 

ASTM - 1.60 – 3.20 1.60 – 3.20 0.2 – 2.0 2.2 – 3.1 

 

Figure 1.  Value of slump test chart 
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The graph above shows that the slump value decreases 
with the increase in the percentage of addition of 
Groundnut shell powder (GSP) to the concrete mixture. It 
happens because the more use of Groundnut shell powder 
(GSP), the more water absorption increases so that the 
concrete mortar gets thicker. 

3.3. Result of Compression Test 

The compressive test was carried out at 14 days and 28 
days before leaving the concrete for 24 hours until the 
surface dries. The test object is weighed, and the 
compressive strength was tested using a compressive 
strength machine (compression testing machine). 

The results of the concrete compression test at the age of 
14 days showed the average compressive strength value at 
the percentage addition of Groundnut shell powder (GSP) 
0%, 5%, 7.5%, 10% and 12.5%, respectively (f'c) is 18.495; 

23.590; 22.930; 17.174; and 13.777 MPa. The results of the 
compressive strength test of Groundnut shell powder 
concrete (GSP) age 14 days are in Figure 2 below. 

The figure shows that the compressive strength of 
concrete, aged 14 days, increased with adding 5% 
Groundnut shell powder but decreased from 7.5% to 12.5%. 
The optimum compressive strength occurred in 5% 
Groundnut shell powder (GSP) which was 23.591 MPa. 
The polynomial regression equation shows that the value 
of y = -1.5772x2 + 7.8777x + 12.909 with a value of R2 = 
0.8922. 

The compressive strength test at 28 days obtained the 
average compressive strength values at the percentages of 
0%, 5%, 7.5%, 10%, and 12.5% were 26.610 MPa, 24.157 
MPa, 19.816 MPa, 18.684 MPa, and 16.608 MPa. Result 
of the graph at age 28 days of concrete compression test 
can be seen in Figure 3 below. 

 
Figure 2.  Concrete compression test Curve of 14 days age 

 

Figure 3.  Concrete compression test Curve of 28 days age 
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Based on Figure 3 above, the addition of Groundnut 
shell powder decreases the compressive strength of 
concrete. The greater the percentage of additional 
Groundnut shell powder, the lower the compressive 
strength of the concrete. The figure shows the polynomial 
regression equation: y = 0.2831x2 – 4.2463x + 30.8 with a 
value of R2 = 0.9805. 

3.4. Discussion 

In testing the concrete aged 14 days, the effect of adding 
Groundnut shell powder (GSP) on the compressive 
strength of concrete has increased at a percentage of 5% 
and 7.5%, with the optimum compressive strength aged 14 
days, namely at 5% with the addition of Groundnut shell 
powder soil of 23.590 MPa. Meanwhile, at 28 days, the 
compressive strength decreased with the increase in the 
percentage of addition of Groundnut shell powder (GSP). 
Optimum compressive strength occurs at 0% variable, 
which is 26.610 MPa. In this study, the results of the 
comparison of the compressive strength of concrete at the 
age of 14 and 28 days can be seen in Figure 4 below.

From the analysis above, it can see that the compressive 
strength of concrete increased at the age of 14 days. 
Meanwhile, at 28 days, the concrete decreased, which was 
not too large. The optimum compressive strength at the age 
of 14 concrete occurs at 5% variable with the addition of 
Groundnut shell powder (GSP) which has a compressive 
strength of 23.590 MPa. In contrast, the optimum 
compressive strength at the age of 28 concrete occurs at 0% 
variable without adding Groundnut shell powder which has 
a compressive strength of 26.610 MPa. 

The graph below shows that adding Groundnut shell 
powder decreases the compressive strength of concrete. The 
decrease occurred from adding 5% to 12.5% Groundnut 

shell powder. It happened at the age of 14 days and also at 
the age of 28 days. A polynomial regression equation is 
also made from the graph: y = 0.2831x2 - 4.2463x + 30.8, 
where the value is R² = 0.9805. 

4. Conclusions
The results of study can be concluded as follows: 

 The slump test results showed a decrease where the 
higher the percentage of Groundnut Shell Powder, the 
higher the water absorption in the concrete mixture. 

 The Optimum compressive strength values of 14 and 
28 days age were in the 5% percentage, namely 
23.590 MPa and 24.157 MPa 

 The lowest decrease also occurred at the percentage 
of 12.5%, namely 13.777 MPa and 18.684 MPa. 

 The result shows that partial substitution of GSP in 
the concrete mixture can decrease the compressive 
strength of concrete. 
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Figure 4.  Comparison of compressive strength between 14 days and 28 days 
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