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Abstract 
 
Concrete is an assemblage of Cement, aggregates and water, the most frequently used fine aggregate for concrete 
production is sand sourced from river banks. The continuous exploitation of available granite conventionally used 
as coarse aggregate in concrete production coupled with rapid infrastructural development has resulted in its 
scarcity and often high cost. The suitability of utilising Palm Kernel Shell (PKS) as partial replacement for coarse 
aggregate in concrete production was examined in this paper. Preliminary tests were conducted on all aggregates 
to determine their suitability for concrete production. Concrete with 5, 10, 15, 20 and 25% PKS-coarse aggregate 
content was cast with a mix ratio of 1:2:4. The freshly prepared Palm Kernel Shell Concrete (PKSC) was cast in 
moulds measuring 150 x 150 x 150mm and cured using ponding method. The Compressive strength result shows 
that an increase in the PKS content results in a decrease in compressive strength of concrete. Linear regression 
models for the slump and compressive strength of the PKSC were developed and found to be sufficient in 
predicting the compressive strengths with R2 values of 96% and 92 % respectively.  
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1.0  INTRODUCTION 
 
The desire to explore the viability of agricultural and industrial 
wastes as substitutes for conventional aggregates in concrete 
production is gaining grounds. This is as a result of economic 
and environmental considerations (Ezeifula et al., 2017). The 
use of these wastes is timely especially for a developing 
country like Nigeria where the cost of available building 
materials over the years has led to a clamour for alternative 
sources of materials for construction. The challenge for the use 
of locally sourced materials for construction works is as a result 
of such clamour and is believed to be a strategy to reduce the 
overall cost of buildings and construction (Nduka et al., 2018). 
Agricultural wastes like palm kernel shell (PKS) and periwinkle 
shell over the years have been identified by researchers to 
have some potentials in partially replacing conventional 
aggregates in concrete production. However, they have not 
been fully utilised as a sole coarse aggregate.  

According to Ezeifula et al. (2017) agricultural and industrial 
wastes incorporated in the production of concrete are 
lightweight aggregates which result in lightweight concrete. 
The advantages of utilising lightweight concrete over the 
conventional concrete in construction includes: reduced dead 
load, reduced rate of exploitation of natural resources and 
reduced cost of construction.   

Palm kernel is the main source of palm oil, which is a 
major cooking ingredient used in Nigeria. The shells are the 
fractions remaining after oil, fibre and nuts have been 
extracted (Mo et al., 2016).  Several researches conducted over 
the years provide proof of the viability of palm kernel shell as 
an effective replacement material for coarse aggregate in 
concrete production Okafor (1998): Osei and Jackson (2012): 
Williams et al. (2014): and Asuzu et al. (2017). Hence this 
research developed statistical models to predict the slump and 
compressive strength of palm kernel shell concrete (PKSC). 
Figure 1 depicts the palm kernel shells used in the research. 
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Figure 1 Palm Kernel Shell 

 
 
2.0  METHODOLOGY 
 
2.1 Materials 

 
Dangote brand of cement which was obtained from the 
Building Materials Market Minna, Niger State, Nigeria was 
used. The cement conforms to BS 12 (1996). The sand (fine 
aggregate) utilised was sourced from Chanchaga, Minna, Niger 
State. The sand was clean, sharp, free from dirt’s. Fine 
Aggregates generally according to BS 882 (1992) refer to 
aggregates which pass through sieve size 4.75 mm. Water 
adjudged to be fit for drinking was utilised, the water was 
sourced from the Civil Engineering Laboratory, Federal 
University of Technology Minna, Niger State, Nigeria and used 
in casting the cubes. BS EN 1008 (2002) states that water to be 
used for casting of concrete must be clean, fit for drinking and 
free from impurities. The Coarse Aggregate used was sourced 
from Minna, Niger State, Nigeria. The coarse aggregates 
conform to specifications for natural aggregates as stipulated in 
BS 882 (1992). The Palm Kernel Shell used for this research was 
sourced from Ilofa, Kwara State, Nigeria. 

2.2   Concrete Slump Test 
 

Slump test was conducted on the fresh PKSC in accordance to 
BS EN 12350-2, the test is used in assessing the consistency of 
fresh concrete. A steel cylindrical cone was used. It was placed 
on a solid flat surface then filled up with fresh concrete in three 
layers. Each layer is then tampered 25 times to ensure 
compaction. The top of the cone is then levelled, thereafter the 
cone is carefully lifted up leaving a heap of concrete which 
settles (slumps slightly). The upturned slump cone is then 
placed on the flat base which serves as a reference point; the 
difference in the level between the top of the slump cone and 
that of the concrete is measured to the nearest 10mm. This is 
the slump of the concrete (Neville and Brookes, 2008). The 
slump obtained may take one of three possible forms namely: 
true slump, shear slump and collapse slump.  A true slump is 
generally desired: the concrete subsides a little when the cone 
is removed, keeping more to the initial shape. In the case of a 
shear slump, the top of the concrete shears off and slips 

sideways while for a collapse slump, the concrete mass 
collapses completely. Figure 2 presents the three types of 
slump available.   

 
Figure 2 Types of Concrete Slump 

 
 

2.3   Casting of Concrete Cubes  
 

The Concrete cubes tested were cast in iron moulds measuring 
150 x 150 x 150 mm. A concrete mixing machine was used in 
mixing the aggregates in order to achieve the desired 
homogeneity of the mixture. The moulds used were well 
lubricated with oil in order to reduce friction and enhance de-
moulding of the cast concrete cubes. The cubes were cured for 
28 days using Ponding method. The cube casting was 
performed in accordance to stipulations spelt out in BS 1881 
(1983). 
 
2.4    Compressive Strength Test on Concrete Cubes 
 
The test was conducted using the Compressive testing 
machine. Each cube was weighed before crushing; thereafter 
respective compressive strengths were calculated using 
equation (1). The test was conducted in accordance to 
stipulations in BS 1881:116.   
 

 Fcu =  (N/mm2)   (1) 

Table 1 presents the mix proportions of the various constituent 
materials utilised in the PKS concrete. 

2.5    Model Development 

Linear regression analysis was employed in developing the models. 
Microsoft excel 2010 was the tool employed in developing the 
models. The percentage replacement level of PKS was selected as 
the independent variable and labelled P, while both the slump and 
compressive strength of the PKSC were selected as the dependent 
variables and labelled Y, Y1 for slump and Y2 for 28days compressive 
strength. Linear regression analysis is the multivariate technique 
used in analysing relationships and predicting future values between 
several independent variables and a single dependent variable (Kolo, 
2019). 
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Table 1 Mix proportions of concrete materials 
 

Percentage 
Replacement (%) Water (Kg) Cement (Kg) Fine Aggregate (Kg) Granite (Kg) Palm Kernel Shell 

(Kg) 
 

0 
5 

10 

 
7.51 
7.51 
7.51 

 
10.88 
10.88 
10.88 

 
21.67 
21.67 
21.76 

 
43.52 
41.34 
39.17 

 
0.00 
2.18 
4.35 

15 7.51 10.88 21.76 37.00 6.53 
20 7.51 10.88 21.76 34.82 8.70 
25 7.51 10.88 21.76 32.64 10.88 

Total 45.06 65.28 130.56 228.49 32.64 
 
 

 
3.0  RESULTS AND DISCUSSION 
 
3.1   Physical Properties of Aggregates 
 
Tables 2, Table 3 and Table 4 present the results of sieve analysis 
conducted on the fine aggregate, Granite and Palm kernel Shell 

respectively used in production of the PKSC.  The particle size 
distribution is of critical importance because it has effect on the 
eventual strength of concrete. 
 
 
 

 
Table 2 Sieve analysis result of Fine Aggregate 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 Sieve analysis result for Granite 
 

 
BS Sieve size 

(mm) 
Weight retained 

(g) 
Percentage retained 

(%) 
Cumulative percentage 

retained (%) 
Percentage    passing (%) 

28.00 55.00 5.50 5.50 94.50 
20.00 445.00 44.50 50.00 50.00 
14.00 455.00 45.50 95.50 4.50 
10.00 35.00 3.50 99.00 1.00 
6.30 10.00 1.00 100.00 0.00 
5.00 0.00 0.00 0.00 0.00 
Pan 0.00 0.00 0.00 0.00 

Total 1000 1000   
 
 

Table 4 Sieve analysis result for Palm Kernel Shell 
 

BS Sieve size (mm) Weight retained 
(g) 

Percentage retained 
(%) 

Cumulative percentage 
retained (%) 

Percentage    passing (%) 

28.00 8.50 0.85 0.85 99.15 
20.00 92.00 9.20 10.05 89.95 
14.00 379.50 37.95 48.00 52.00 
10.00 270.00 27.00 75.00 25.00 

BS Sieve size 
(mm) 

Weight 
Retained 

(g) 

Percentage 
Retained 

(%) 

Cumulative 
percentage 

Retained (%) 

        Percentage    Passing (%) 

5.00 3.80 0.76 0.76 99.24 
3.35 6.10 1.22 1.98 98.02 
2.36 8.20 1.64 3.62 96.38 
2.00 7.60 1.52 5.14 94.86 
1.18 49.00 9.80 14.94 85.06 
850 56.00 11.20 21.16 73.86 
650 99.70 19.94 46.08 53.92 
450 105.80 21.16 67.24 32.76 
300 93.10 18.62 85.86 14.14 
150 64.50 12.90 98.76 1.24 
75 5.20 1.04 99.80 0.20 

Pan 1.00 0.20 100.00 0.00 

500 
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6.30 250.00 25.00 100.00 0.00 
5.00 0.00 0.00 0.00 0.00 
Pan 0.00 0.00 0.00 0.00 

Total 1000 1000   
 
 
Results obtained for specific gravity test conducted on the 
concrete constituent materials are presented on Table 5.  
Neville and Brooks (2008) recommends specific gravity values 
of 2.6 – 2.7 for natural aggregates. As can be seen, only palm 
kernel shell fell short of this standard with specific gravity 
value of 1.21. The low PKS specific gravity value is in line with 
research conducted by Azuna (2019) and Gibigaye et al. 
(2017). Azuna (2019) further opined that specific gravity value 
of PKS always does not exceed 2.0. Ndoke (2006) recorded 
the highest PKS specific gravity value of 1.62. These values are 
in line with the specific gravities obtained for other natural 
light weight aggregates like pumice and expanded shale which 
normally return specific gravity values ranging between 0.8 – 
0.9 and 1.3 – 1.7 respectively Azuna (2019). The low specific 
gravity value for the palm kernel shell is an indication that 
palm kernel is weaker than the conventional granite used. 

3.2 Slump and Compressive Strength  
 
Slump:   Result for the slump test and compressive strength 
tests conducted on the PKS concrete is presented on Table 6. 
From the result, it is seen that the slump values reduced with 
increase in percentage replacement level of PKS. This is in line 
with results obtained by Itam et al. (2016).  
 
Compressive Strength: As can be seen from Table 6, a decrease 
in compressive strength values was recorded with the increase 
in PKS content in the concrete with the optimum strength of 
24.00 N/mm2 obtained at 5% replacement level. The trend in 
compressive strength values is in line with result of research 
conducted by Purwanti and Artiningsih (2018). 
 
 

 
Table 5 Specific gravities of constituent materials 

 
Material Specific Gravity 
Cement 3.14 

Fine Aggregate 2.61 
Granite 2.65 

Palm Kernel Shell 1.21 
 

Table 6 Slump and Compressive Strength test results 
 

Percentage Replacement (%) Slump (mm) 28 Days Compressive Strength (N/mm2) 
0 45.00 27.91 
5 38.00 24.00 

10 35.00 20.53 
15 30.00 18.84 
20 28.00 17.66 
25 25.00 16.18 

 
 
3.3 Regression Models 

Table 7 presents results for the regression statistics and slump 
model developed. As seen from Table 7, the slump model 
returned adjusted R square value of 0.96. This implies that the 
model can predict the slump of PKS concrete with an accuracy 
of 96%. The developed model is represented on equation (1). 

Y1 = - 0.77x + 43.14     (1) 
 
Where Y1 = Slump of PKS concrete 
            x= Percentage replacement level 

Table 7 Regression Statistics for Slump Model 
 

Regression Statistics 
Multiple R 0.98 
R Square 0.97 
Adjusted R Square 0.96 
Standard Error 1.51 

   

The residual plot, normal probability plot and line plots are 
presented on Figures 1, 2 and 3 respectively. From the residual 
plot it is seen that the residuals do not follow a definite path as 
they are scattered on both the negative and positive sides of 
the plot. The result of normal probability plot for data used in 
developing the slump model presents points lying generally 
close to the straight line indicating that the residuals are 
relatively normally distributed. Furthermore, the result of the 
experimental vs. predicted data as depicted by the line plot on 
Figure 3 shows the experimental and predicted data very close 
to each other. This further explains the 96% adjusted R square 
(R2) value indicating that the model is adequate in predicting 
the slump of concrete containing PKS.  
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The residual plot, normal probability plot and line plots are 
presented on Figures 1, 2 and 3 respectively. From the residual 
plot it is seen that the residuals do not follow a definite path as 
they are scattered on both the negative and positive sides of 
the plot. The result of normal probability plot for data used in 
developing the slump model shows points mainly close to the 
straight line, this indicates that the residuals are normally 

distributed. Furthermore, the result of the experimental vs. 
predicted data as depicted by the line plot on Figure 3 shows 
the experimental and predicted data very close to each other. 
This further explains the 96% adjusted R square (R2) value 
indicating that the model is adequate in predicting the slump of 
concrete containing PKS.  

 
 

 
Figure 1 Residual plot for Slump Model 

 
 

 
Figure 2 Normal probability plot for slump model 

 
 

 
Figure 3 Experimental vs. Predicted Slump result 

 
 
 
Table 8 presents results for the regression statistics and for the 
slump model developed. The slump model returned an 
adjusted R square of 0.92; this implies that the model can 

predict the slump of PKS concrete with an accuracy of 92%. The 
developed model is represented on equation (2). 

Y2 = - 0.45x + 26.52    (2) 
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Where Y2 = Compressive Strength of PKS concrete 
              X = Percentage replacement level 

Table 8 Regression Statistics for Compressive strength model 
 

Regression Statistics 

Multiple R 0.97 

R Square 0.94 

Adjusted R Square 0.92 

Standard Error 1.22 
    

 

The residual plot, normal probability plot and line plots are 
presented on Figures 4, 5 and 6 respectively. As seen from the 
residual plot, the residuals do not follow a definite path as they 
are scattered on both the negative and positive sides of the 
plot. The normal probability plot as seen on Figure 5 shows 
points close to the straight line. This indicates that the residuals 
in the data under consideration are approximately normally 
distributed. Furthermore, the result of the experimental vs. 
predicted data as depicted by the line plot on Figure 6 shows 
the experimental and predicted data very close to each other. 
This further explains the 92% adjusted R square (R2) value 
indicating that the model is adequate in predicting the 
Compressive strength of concrete containing PKS.  

 
 

 
Figure 4 Residual plot for Compressive Strength model 

 

 
Figure 5 Normal Probability plot for Compressive Strength model 
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Figure 6 Experimental vs. Predicted Compressive Strength values 

 
 
 
4.0 CONCLUSION 

 
Based on the findings of this research, the following conclusion 
is drawn: 

i. The higher the quantity of PKS in concrete, the lower 
the slump of the concrete produced.  

ii. The Compressive strength of concrete reduces with 
an increase in the percentage replacement level of 
PKS. The optimum replacement level of 5% with 
compressive strength of 24 N/mm2 is hence 
suggested. 

iii. The linear regression models developed can 
sufficiently predict the slump and compressive 
strength of PKSC with adjusted R2 values of 96% and 
92% respectively. 
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