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Abstract 

The use of palm kernel shell (PKS) has gained acceptance in the production of concrete. Compressive 

strength is the mostly used strength characteristics of concrete. The compressive strength CS of concrete 

should provide a good basis for predicting the splitting tensile strength STS. The aim of this study is to 

establish a mathematical relationship between the CS and STS of concrete produced with PKS. In this 

study, coarse aggregates was fully replaced with PKS at varying water-cement ratios (w/c) for concrete 

mix ratios 1:1½:3 and 1:2:4. Unit weigth of the PKS, slump, compressive and splitting tesnsile strength 

were determined. A relationship between CS and STS was developed for the different w/c ratios using 

exponential function aproximation. Physical property tests carried out on the PKS characterized it as 

lightweight aggregate with saturated surface dry unit weight of 1.27. The slump revealed that PKS 

concrete at 0.3 and 0.4 w/c is stiff and not workable. CS and STS at 28day for mix ratio of 1:1½:3 at 

w/c of 0.3, 0.4, 0.5 and 0.6 were respectively 3.2 and 1.2; 9.4 and 2.1; 10.8 and 2.6; 9.0 and 2.4 N/mm2. 

The corresponding values obtained for mix ratio 1:2:4 were 3.0 and 1.0, 1.7 and 1.3, 4.5 and 1.6, 7.7 

and 1.9N/mm2, respectively. Equations relating CS and STS at 0.3, 0.4, 0.5 and 0.6 w/c were established. 

It was concluded that PKS concrete produced with mix ratios  1:1½:3 and 1:2:4 performed better in 

compression and splitting tensile strength at w/c of 0.5 and 0.6.  
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Introduction 

The construction industry relies primarily on traditional materials such as cement, granite and sand for 

concrete production (Odeyemi et al., 2015, 2020). To a very large extent, their high and increasing costs 

have inhibited the creation of shelters and other infrastructural facilities in developing countries; hence, 

the need for engineering consideration for the use of locally available materials to meet the required 

need for improved self-efficiency, leading to a reduction in the cost of construction for sustainable 

development (Adesina and Atoyebi, 2020; Atoyebi et al., 2018, 2020). Palm Kernel Shell (PKS) is an 

example of such locally available materials. It is a by-product from palm oil production and a waste 

material that can be used in the production of lightweight concrete. PKS is derived from the oil palm 

tree (elaeis guineesis), an economically viable tree, predominant in West Africa and widespread in 

Nigeria (Ndoke, 2006; Oyedepo et al., 2015). Nuhu-Koko (1990) reported that about 1.5 million tonnes 

of PKS are produced annually in Nigeria and this generated about 70% of wastes in areas where they 

are produced which may constitute an environmental hazard.  

The accumulation of these wastes can be reduced to the minimum if they are used as a substitute for 

coarse aggregates in concrete works. This will help to solve a growing waste disposal crisis such as 

environmental pollution leading to health hazards. Equally, there will be a reduction in the cost of 

construction works if non-conventional local materials like PKS are used as a replacement for 

conventional coarse aggregates. Also, the space of land used as deposit points for the shells will be 

available for other economic use. The use of lightweight concrete using PKS will result in significant 

cost savings, reduction in structural dead loads, thinner structural plate sections, reduced size of 
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structural members and fewer reinforcing steel (Atoyebi et al., 2018). The use of PKS in concrete has 

been investigated by several researchers (Chandra and Berntsson, 2003; Mannan and Ganapathy, 2002; 

Odeyemi et al., 2019; Olanipekun et al., 2006; Olutoge, 2010; Teo et al., 2007). They reported the 

suitability of using it as a complete replacement for granite in lightweight concrete. However, there is 

paucity of information on relationship bwteen CS and STS of PKS concrete for predicting values of STS 

fron known values of CS. Thus, this paper aims to determine the relationship between CS and STS of 

PKS concrete at varying water-cement ratios. 

 

Materials and Methods 

The materials used in this research consist of fine aggregate (river sand), coarse aggregate (PKS), cement 

and water. The river sand was sourced from a river bed in Ilorin, Kwara State, while the PKS were 

obtained from a local palm oil-producing mill in Osogbo, Osun State while Dangote cement brands 

(42.5R) of Ordinary Portland Cement which conforms to (NIS 444-1:2003) were purchased from a 

cement vendor in Ilorin. The river sand was freed of deleterious particles contained in it. The PKS was 

prepared by washing with detergent, drying and freed of dirt, oil and mud particles that adhered to its 

surface. The samples were tested for their physical properties at the Soil and Concrete Laboratory of the 

Federal Polytechnic Offa, Offa, Kwara State. The physical properties examined were particle size 

distribution, specific gravity, fineness modulus, aggregate impact value, aggregate crushing value and 

water absorption capacity.  

The particle size distribution of the aggregates was carried out using British standard (BS) sieves that 

conforms to BS EN 12620:2002+A1:2008. The specific gravity and water absorption of the materials 

was determined by using the procedures as outlined in (BS 812-1: 1995). Specific gravity (SG) was 

calculated using Equation 1. 

 

𝑆𝐺 =
𝑊2−𝑊1

(𝑊4−𝑊1)−(𝑊3−𝑊1)
    (1) 

 

Where: W1 is the weight of empty bottle, W2 is the weight of bottle with aggregate samples, W3 is the 

weight of bottle with the aggregate and water and W4  is the weight of bottle with water. 

 

The fineness modulus was conducted using the procedure as outlined n BS EN 933-1 (BS EN 933-1, 

2012). The aggregate impact value and aggregate crushing value were also conducted following (BS 

EN 1097-2, 2013; Neville, 2011).  

 

Batching of the various materials for concrete production was done by volume. The workability of the 

fresh concrete produced from the two mix ratios considered was carried out in accordance with provision 

of BS EN 12350-2 (2019) while the compressive strength test was carried out in accordance with 

provision of BS EN 12390-3 (2002) and the splitting tensile strength was carried out using BE EN 

12390-6 (2000).  

Results and Discussion 

The results of the particle size distribution for the river sand and PKS used in this research, are as 

presented in Figure 1 and Figure 2, respectively. From Figure 1 and 2, the Coefficient of Uniformity for 

the river sand and PKS were obtained to be 10 and 1.82 respectively. This implies that the river sand is 

well-graded while the PKS is uniformly graded. 
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Figure 1: - Particle size distribution for sand 

 

Figure 2: - Particle size distribution for PKS 

 

The physical properties for the PKS used in this study are shown in Table 1. The values obtained are 

in close agreement with those reported by Basri, et al. (1998) and also fall within the range specified 

for lightweight aggregates by BS EN 12620:2002+A1:2008.  

 

Table 1: Physical properties for PKS 

S/No Property Value Unit 

1 Fineness Modulus 6.01 - 

2 Specific gravity 1.27 - 

3 Aggregate Impact Value 2.25 % 

4 Water Absorption Capacity (in 24 hours) 16.2 % 

5 Aggregate Crushing Value 4.33 % 
 

The slump test results for the fresh concrete at varying w/c for mix ratio 1: 1
1

2
: 3 and 1: 2: 4 are as 

presented in Figure 3 and 4 respectively. The results showed that the slump of PKS concrete increases 
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as w/c ratio increases. The slump was zero (0) at w/c of 0.3 and 0.4 for both mixes indicating that the 

concrete was stiff and not workable for these w/c ratios.  

 

Figure 3: - Slump for Mix Ratio 1: 1
1

2
: 3 

 
Figure 4: - Slump for Mix Ratio 1: 2: 4 

 

The CS and STS results obtained at 7, 14 and 28 days for w/c ratio 0.3, 0.4, 0.5 and 0.6 for mix ratio 

1:1½:3 and 1:2:4 are shown in Table 2. For the w/c ratios considered in this study, these values were 

plotted to obtain the relationship between the strengths considered i.e CS and STS. Figure 5 shows the 

relationship between them for mix ratio 1:1½:3 while Figure 6 shows the relationship between CS and 

STS for mix ratio 1: 2: 4 for different w/c. 

For the two mix ratios and for all w/c used, the results obtained for STS and CS as presented in Tables 

2 to 5 show that STS values is about 20 to 23% of their coresponding CS values. 

 

Table 2: Compressive and Splitting Tensile Strength Results for 0.3 W/C Ratio PKS Concrete  

Days 
Mix Ratio [1: 1

1

2
: 3] Mix Ratio [1: 2: 4] 

CS (N/mm2) STS (N/mm2) CS (N/mm2) STS (N/mm2) 

7 2.4 0.8 1.1 0.3 

14 3.0 1.0 2.8 0.8 

28 3.2 1.2 3.0 1.0 
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Table 3: Compressive and Splitting Tensile Strength Results for 0.4 W/C Ratio PKS Concrete 

Days 
Mix Ratio [1: 1

1

2
: 3] Mix Ratio [1: 2: 4] 

CS (N/mm2) STS (N/mm2) CS (N/mm2) STS (N/mm2) 

7 6.5 1.5 3.9 1.0 

14 7.4 2.0 5.0 1.1 

28 9.4 2.1 7.7 1.3 

 

Table 4: Compressive and Splitting Tensile Strength Results for 0.5 W/C Ratio PKS Concrete 

Days 
Mix Ratio [1: 1

1

2
: 3] Mix Ratio [1: 2: 4] 

CS (N/mm2) STS (N/mm2) CS (N/mm2) STS (N/mm2) 

7 9.7 2.4 3.5 1.4 

14 10.3 2.5 3.9 1.5 

28 10.8 2.6 4.5 1.6 

 

Table 5: Compressive and Splitting Tensile Strength Results for 0.6 W/C Ratio PKS Concrete 

Days 
Mix Ratio [1: 1

1

2
: 3] Mix Ratio Mix Ratio [1: 2: 4] 

CS (N/mm2) STS (N/mm2) CS (N/mm2) STS (N/mm2) 

7 6.7 1.7 5.4 1.5 

14 8.3 2.0 7.0 1.8 

28 9.0 2.4 7.7 1.9 

 

Relationship between STS and CS  for mix ratio of 1:1½ at different w/c 

Figure 5 shows relationship between STS and CS for mix ratio of 1:1½:3 using exponential 

approximation. The relationship between STS and CS is as presented by trendline equations. 

 
Figure 5: STS vs CS for Mix Ratio of 1:1½:3 at Different w/c 
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Figure 6 shows relationship between STS and CS for mix ratio of 1:2:4 using exponential 

approximation. The relationship between STS and CS is as presented by trendline equations. 

 

 

 
Figure 6: Relationship between CS and STS for Mix Ratio 1:2:4 at Different w/c 

 

The equations relating the CS and the STS of PKS concrete at 0.3, 0.4, 0.5 and 0.6 w/c ratios for mix 

ratios 1:1½:3 and 1:2:4 are shown in Table 6 and Table 7 respectively. 

 

Table 6: Equations relating CS and STS for PKS Concrete with mix ratio of  Mix ratio 1:1½:3 

w/c Ratio Relationship R2 Value 

0.3 y = 0.2523e0.4757x 0.9428 

0.4 y = 0.8444e0.1008x 0.6657 

0.5 y = 1.1857e0.0726x 0.9983 

0.6 y = 0.6486e0.1416x 0.9311 

 

Table 7: Equations relating CS and STS for PKS Concrete with mix ratio of  Mix ratio 1:2:4 

w/c Ratio Relationship R2 Value 

0.3 y = 0.1522e0.6116x 0.9847 

0.4 y = 0.7747e0.0677x 0.9942 

0.5 y = 0.8891e0.1315x 0.9825 

0.6 y = 0.8551e0.1047x 0.9924 

 

Where 𝑦 represents the STS and 𝑥 the corresponding value of CS of PKS concrete of a particular mix 

ratio and w/c, for all x (i.e. CS) greater than zero which is expected because CS cannot be zero. 

Tables 6 and 7 show that mix ratio and w/c used for PKS concrete production determine the relationships 

to be chosen for predicting values of STS from known values of CS. 

Conclusion 

The relationship between the compressive and split tensile strength of PKS concrete has been 

investigated in this study and the following conclusions are made: 

(i) Slump of PKS concrete increases as w/c ratio increases for mix ratios 1:1½:3 and 1:2:4.  
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(ii) Slump for PKS concrete at w/c ratio of 0.3 and 0.4 is zero for both mixes considered 

indicating that the concrete was stiff and not workable for the w/c ratio 0.3 and 0.4.  

(iii) The relationship between STS and CS is affected by the mix ratio and w/c used in producing 

the PKS concrete.  

(iv) PKS Concrete with mix ratio of 1:1½:3 and 1:2:4 perform better in compression and splitting 

tensile strength at a w/c of 0.5 and 0.6. 
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