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ABSTRACT 
 

The use of waste materials as aggregates in concrete is hailed by many as a huge step towards 
addressing the overreliance on granite stones as aggregate in concrete. It also offers a strategic 
eco-friendly means of disposing these wastes to minimize their impacts on the environment. This 
study assessed the tensile strength and modes of failure of concrete that utilizes waste automobile 
tire chips and palm kernel shells (PKS) as partial to full replacement of the conventional crushed 
granite stones as coarse aggregates in concrete. Portland cement concrete with the mix ratio: 1: 
1.5: 2.5 (cement: sand: granite coarse aggregate) based on the mass of the constitient materials 
was prepared as control from which twenty additional mixes were generated by replacing portions 
of the granite stones with PKS and tire aggregates while the sand and w/c ratio were kept constant.  
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A total of 105 cylindrical specimens (150 x 300mm) and 155 beams (100 × 100 × 500 mm) were 
cast to evaluate the split tensile (    ) and flexural tensile (   ) strengths of the concrete mixes at 7, 

14, 21, 28, 56 and 90 days of curing while observing their modes of failure. The results showed 
that, there is systematic decrease in the tensile strengths of the concrete with increase in the 
volume of tire and PKS particles. However, up to 50% replacement level, adequate tensile strength 
can be achieved for structural purposes. At this replacement level, the mix with P50T50 recorded 
    of 3.10 N/mm

2
, representing 59% of the control mix. From the failure patterns observed, the 

mixes with high volume of tire exhibited ductile failure mode; thus giving ample warning before the 
ultimate failure while the PKS concrete’s failure were more brittle and explosive.  In conclusion, a 
blend of PKS and tire as aggregates in concrete is recommended especially for structures 
subjected to sudden loadings such as those located in earthquake zones.  
 

 
Keywords: Rubberised concrete; palm kernel shells; waste tire; split tensile strength; modulus of 

rupture. 

 
1. INTRODUCTION  
 
The behaviour and overall performance of 
concrete as a structural material is significantly 
influenced by its constituent materials most 
especially the aggregates. The aggregates which 
constitutes about 60-70% of the volume of 
concrete impacts on strength, durability, 
transport properties and modes of failure of 
concrete [1]. Over the past years, naturally 
occurring mineral resources such as granite 
stones have been widely used as coarse 
aggregates in concrete. According to the United 
States (U.S) Geological Survey [2], the U.S alone 
consumed about 7.65 billion metric tonnes of 
crushed stones for road construction and other 
civil engineering works between 2017 and 2021. 
Globally, an estimated 50 billion metric tonnes of 
aggregates is reported to be produced yearly [3]. 
The fast depletion of these natural resources to 
meet the growing demand for concrete coupled 
with the rising cost of processing these 
aggregates has necessitated the need to find 
alternative sustainable materials for concrete. 
Ettu et al. [4] in their study noted that, granitic 
stones used as coarse aggregates in concrete 
are usually hauled at high cost from the quarries 
to construction sites which increases the cost of 
construction projects. The above challenges 
propelled interest in the use of waste materials 
as alternative aggregates for concrete 
production. As rightly stated by Kumar et al. [5], 
in the past, the need for using waste materials in 
concrete was considered a desirability, but today 
it has become a compelling necessity owing to 
the threats they pose to the environment and the 
need to find alternative aggregates for        
concrete. 
 

Palm kernel shells (PKS) and end-of-service-life 
automobile tires are major sources of waste in 

most countries and a threat to environmental 
sustainability.  The PKS are by-products from the 
processing of oil palm fruits while tires               
are discarded as waste after their end-of-service-
life. These materials are highly non-
biodegradable and their disposal at landfills 
contaminate air and water bodies thus posing 
severe health and environmental risks [6-8]. 
Additionally, the carbon black powder produced 
through the pyrolysis of waste tire is also known 
to have negative effect on the environment. 
Consequently, the idea of using these waste 
materials as aggregates in concrete is regarded 
as a novel approach that offers a strategic and 
eco-friendly means of waste disposal [9]. 
Unsurprisingly, research on the use of PKS and 
tire as aggregates in concrete has been on the 
rise. 
 
Reports from earlier investigations suggest that 
used automobile tire chips and PKS are good 
materials for concrete. In the works of previous 
researchers [10-12], tire-filled or rubberised 
concrete was found to have high energy 
absorption capacity, high impact resistance, 
damping ratio, good bond with steel and 
adequate strength for structural application etc. 
Habib et al. [11] for instance showed that 
replacing 25% of the total aggregates (both fine 
and coarse) with tire improves the damping ratio 
of concrete over 90%; a characteristic that 
makes rubberised concrete beneficial for 
structures subjected to sudden loads such as 
those located in earthquake zones [12]. Similarly, 
it is well documented that PKS can be used to 
produce structural lightweight concrete of 
adequate strength for construction purposes [13-
15]. Shafigh et al. [13] achieved a compressive 
strength up to 48 N/mm

2
 using limestone powder 

and crushed PKS aggregates. Similarly, 
Alengaram et al. [15] also obtained a 
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compressive strength of 37 N/mm
2
                        

through the use of silica fumes and class F fly 
ash.  
 
As an effort to extend the scope of investigations 
on rubberised and PKS concrete, the current 
study was designed to assess the tensile 
strength and modes of failure of concrete that 
utilizes both materials as coarse aggregates. The 
tensile strength is an important mechanical 
property of concrete that is considered in the 
design of reinforced concrete members. With its 
value being only 7–15% of the compressive 
strength, the tensile strength still has significance 
in terms of durability and serviceability [16,17]. 
For instance, the propagation and control of 
cracks in reinforced concrete members are 
strongly related to the tensile strength of 
concrete. Hence ignoring the tensile strength of 
concrete may lead to serviceability and durability 
problems. Earlier studies focused on the tensile 
strength of either PKS concrete [13,18,19] or 
rubberised concrete [20,21]. However, concrete 
that incorporates both PKS and tire as 
aggregates is a unique product with different 
performance characteristics that needs to be 
examined. 
 
On the basis of the above, the current study 
experimentally assessed the flexural tensile 
strength, split tensile strength and modes of 
failure of concrete that utilizes both PKS and 
end-of-service-life automobile tire chips as partial 
to full replacement of the conventional crushed 
granite stones as coarse aggregate in concrete. 
The effect of the duration of curing among other 

host of variables on the performance of this novel 
concrete composite were assessed. 
 

2. MATERIALS AND METHODS 
 

2.1 Materials 
 

The concrete for the tests were prepared using 
ordinary Portland cement (Class CEM I 42.5 R), 
pit sand (nominal size 4.75 mm), crushed granite 
stones (maximum size 14mm), waste automobile 
tire chips and palm kernel shells as shown in Fig. 
1. These materials were obtained locally in 
Ghana. The PKS and tire were used as coarse 
aggregates in the concrete mix. The bulk tires 
having a weight range of 45kg-150kg, were cut 
using knives and cutlass into an evenly 
distributed sized aggregates with size range of 
5mm - 14mm. Similarly, the PKS aggregates had 
an average shell thickness of 4mm and 14mm 
maximum size. The particle size distributions of 
the aggregates were determined through sieve 
analysis. The aggregates were air dried in the 
laboratory at a temperature of 23 ± 2

o
C and 

relative humidity of 50 ± 5%.  
 

2.2 Preparation of Aggregates 
 

(i) The PKS- Palm kernel shells are known to 
have higher water absorption rate which 
affects the workability of concrete and 
cement hydration [22]. Hence to prevent 
this, the PKS aggregates were washed 
thoroughly and subsequently soaked in 
water for about 20 minutes before being 
used for the experiment.  

 

 
 

(a)                                                                                    (b) 
 

Fig. 1. (a) Cement, sand, tire and crushed granite aggregates (b) PKS aggregates 
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(ii) The tire-The end-of-service-life (waste) 
automobile tires were shredded manually 
using knives and cutlass into the required 
sizes. The shredded tire particles were 
then washed with potable water to clean 
off all impurities.  Following the 
recommendations of Mohammadi et al. 
[23] and Si et al. [24], it was necessary to 
treat the tire particles to enhance their 
bond with the cement paste. 
Consequently, the tires were soaked in 
10% Sodium Hydroxide (NaOH) solution 
for 30 minutes.The solution was prepared 
by diluting 500g of NaOH pellets in 5000ml 
of deionized water. This treatment made 
the crumb rubber (CR) surface rough, 
removed the zinc stearate and other 
impurities to make the CR surface 
hydrophilic [23]. 

 

2.3 Study Variables 
 
The objective of the current study was to assess 
the effect of partial to full replacement of the 
conventional granite coarse aggregate with both 
tire rubber and PKS aggregates on the tensile 
strength and modes of failure of concrete. As a 
result, the experimental program utilized three 
different coarse aggregates: crushed granite 
stones, palm kernel shells and waste automobile 
tire chips. The total volume of granite coarse 
aggregate replaced in a given mix also referred 
to as the “total aggregate replacement (TAR)” 
level was varied as follows:  0%, 25%, 50%, 75% 
and 100%. For each TAR level, five 
combinations of the PKS (P) and tire (T) were 
considered: P0T100; P25T75; P50T50; P75T25 
and P100T0. Consequently, concrete with 
identification “R25-P75T25” implies 25% of the 
volume of the granite aggregates in the control 
mix, has been replaced with PKS and tire 
aggregates such that 75% and 25% of the 
replaced volume is made of PKS and tire 
particles respectively. From these, a total of 21 
concrete mixes including the control mix were 
prepared. The water-cement ratio (w/c) and the 
volume of the fine aggregate were however 
maintained constant in all the mixes as shown in 
Table 1. 
 

2.4 Mix Design, Sample Preparation and 
Curing 

 
A control mix, with a 28-day targeted 
compressive strength of 20MPa was designed in 

accordance with the Department of Environment 
(DOE) [25] concrete mix design method.  The 
volume of granite in the concrete mix was 
replaced with PKS and tire aggregates in varied 
quantities as shown in Table 1. For each mix 
proportion, the quantity of concrete required for 
each test was batched using the mass of the 
constituent materials and the mixing done using 
a mechanized concrete mixer. The mixing took 
approximately 3 minutes for each concrete batch.  
 

The inside surfaces of the metal moulds were 
coated with formwork releasing agent (used 
engine oil) 15minutes prior to casting of the 
concrete. The fresh concrete was cast into the 
respective moulds and compacted in two layers 
using a mechanized vibrating table and finished 
smooth using a hand trowel. In order to protect 
the fresh concrete from moisture loss while 
setting and hardening took place, the specimens 
were covered with polythene sheets for 24 ± 2 
hours at a laboratory room temperature of 23 ± 2 
o
C immediately after casting. After curing for 24 ± 

2 hours in the moulds, the concrete specimens 
were stripped and labelled for identification 
purposes. They were subsequently placed inside 
curing tanks filled with potable water (at a 
temperature of 23 ± 2 

o
C) for a specified number 

of curing days. 
 

2.5 Test Procedures 
 
2.5.1 Modulus of rupture 
 
The flexural tensile strength of the concrete also 
known as the modulus of rupture (MOR) was 
assessed using 100 mm × 100 mm × 500 mm 
beams as recommended by BS 12390-1 [26]. 
Excess moisture were wiped from the surfaces of 
the specimens and subsequently left in the open 
air for about 1hour before testing at 7, 14, 21, 28, 
56 and 90 days. The specimens were simply 
supported at the ends and subjected to single-
point loading in accordance with BS EN 12390-5 
[27] using Universal Flexural Testing Machine 
with a 220 kN load capacity (Fig. 2). The flexural 
tensile strength (modulus of rupture) of the beam 
was expressed as: 
 

    = 3PL/ (2bd
2
)                                                (1) 

 
where fct = flexural tensile strength of test 

specimen ( /m ²), P = maximum load applied 
(N),  L = span of the test beam (mm), b is the 
breadth and d is the depth of the cross section. 
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Table 1. Details of concrete mix proportions 
 

Mix ID/Code Cement 
(kg/m

3
) 

W/c 
(kg/m

3
) 

Fine 
aggregate 
(kg/m

3
) 

Crushed 
granite  
(kg/m

3
) 

PKS 
aggregates 
(kg/m

3
) 

Tire aggregates 
(kg/m

3
) 

R0-P0T0 462 208 693 1155 0 0 
R25-P0T100 462 208 693 866.25 0 184.80 
R25-P25T75 462 208 693 866.25 48.97 139.06 
R25-P50T50 462 208 693 866.25 93.32 92.4 
R25-P75T25 462 208 693 866.25 146.92 46.20 
R25-P100T0 462 208 693 866.25 195.89 0 
R50-P0T100 462 208 693 577.04 0 370.52 
R50-P25T75 462 208 693 577.04 97.94 277.66 
R50-P50T50 462 208 693 577.04 195.89 185.26 
R50-P75T25 462 208 693 577.04 293.83 92.40 
R50-P100T0 462 208 693 577.04 391.78 0 
R75-P0T100 462 208 693 288.75 0 555.79 
R75-P25T75 462 208 693 288.75 146.92 416.72 
R75-P50T50 462 208 693 288.75 293.83 277.66 
R75-P75T25 462 208 693 288.75 440.75 139.06 
R75-P100T0 462 208 693 288.75 587.66 0 
R100-P0T100 462 208 693 0 0 740.59 
R100-P25T75 462 208 693 0 194.50 555.79 
R100-P50T50 462 208 693 0 391.78 370.52 
R100-P75T25 462 208 693 0 587.66 185.26 
R100-P100T0 462 208 693 0 783.55 0 

C:CA:P:T = Cement: Granite Coarse Aggregate: Palm kernel shells aggregate: Tire  aggregate 
R = Total Aggregate Replacement level 

       

 
 

Fig. 2. Modulus of rupture test                              Fig. 3. Split tensile test 
 

2.5.2 Split tensile strength 
 
The split tensile strength was determined on 
150mm x 300mm cylinder specimens according 
to BS EN 12390-6 [28]. Strips of plywood 
(300mm length & 10mm thickness) were placed 
at the top and bottom of the specimen (Fig. 3). 
Load was applied to the specimen until failure 
occurred through tensile splitting of the concrete. 

The split tensile strength was calculated as 
follows: 
 

     = 
  

   
                                                           (2) 

 

Where: fspt = splitting tensile strength, N/mm²; P = 
maximum applied load (N); L = Length of test 
specimen (mm) and d= dimeter of specimen 
(mm). 
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3. RESULTS AND DISCUSSION 
 

3.1 Modulus of Rupture 
 
The cracking and deflection behaviour of 
concrete structures under flexure and those with 
minimum flexural reinforcement  depends on the 
flexural tensile strength or modulus of rupture of 
the concrete. In the current study, the MOR of 
the concrete ranged from 1.18 N/mm

2
 to 5.3 

N/mm
2
 depending on the volume of PKS and tire 

particles in the mix. Generally, as shown in Fig. 
4, the MOR decreased with an increase in the 
total aggregate replacement (TAR) level. The 
control specimen (the mix with only granite 
coarse aggregates) recorded an average flexural 
tensile strength of 5.30 N/mm

2
 but this 

decreased systematically as the volume of the 
granite aggregates was replaced with tire and 
PKS aggregates. The higher modulus of rupture 
value for the NWC compared to the PKS 
rubberised concrete may be attributed to the 
reasons reported by Khaleel et al. [29] and 
Mehta and Monteiro, [30]: higher aggregate-
cement paste bond for rough textured/ crushed 
aggregates than smoother aggregates. Thus, the 
higher roughness of the granite aggregate 
surface and consequently, a better aggregate 
interlock and better bonding of the aggregates 
with the cement paste compared to the PKS and 
tire aggregates resulted in higher MOR for the 
granite filled concrete. Comparing this to the 
compressive strength results as reported by 
Boateng et al. [10], the MOR is as high as 
17.55% of the compressive strength for TAR 
content of less or equal to 50%. This represents 
an improvement over the 7-15% reported by 
Ahmed et al. [16]. Thus, at lower replacement 
levels (i.e. TAR ≤ 50%) there is slight 
improvement in the flexural tensile strength of the 
concrete due to the presence of tire and PKS 
particles. Additionally, from the correlation 
analysis, a Pearson’s correlation coefficient of 
0.9636 was found indicating a strong positive 
correlation between the MOR and compressive 
strength of the PKS rubberised concrete 
composite. Thus, an increase (or decrease) in 
the compressive strength leads to an increase  
(or decrease) in the flexural tensile strength as 
earlier reported by Neville [1]. 
 
From Fig. 5, the flexural tensile strength was also 
found to be influenced by the age of curing. 
There was a sharp increase in the tensile 
strength between the 7

th
 and 28

th
 day. However, 

beyond this age, the strength gain was gradual 

up to the 90
th
 day of curing.  On the 28

th
 day, the 

control mix (R0-P0T0) and PKS rubberised 
concrete (R25-P75T25) recorded MOR of 5.30 
N/mm

2 
and 4.43 N/mm

2
 respectively. For each of 

the above mixes, only a marginal 5% increase in 
the 28- day flexural tensile strength was 
achieved on the 90

th
 day. Based on these 

findings, it can be concluded that the flexural 
tensile strength of PKS rubberised concrete can 
be calculated based on the 28-day strength gain. 
 

3.2 Split Tensile Strength 
 
The results of the split tensile strength (SPS) test 
are shown in Fig. 6. From the results obtained, 
the pattern is similar to that of the flexural tensile 
strength as an increase in the TAR level results 
in a decrease in the SPS. The plain concrete had 
initial SPS of 2.42 N/mm

2
 which dropped to 0.21 

N/mm
2
 and 0.76 N/mm

2
 when the entire volume 

of the granite aggregate was replaced with tire 
and PKS aggregates respectively. This 
represents 91% and 69% reduction in strength 
for the rubberised and PKS concretes 
respectively. From the above and the results 
obtained, it was evident that the rate of strength 
reduction is lower for mixes with PKS 
aggregates. The ratio of split tensile strength and 
the compressive strength as reported by Boateng 
et al. [10] ranged from 6.39% to 13.79% with a 
mean value of 9.7%. This is consistent with the 
general observation that the tensile strength of 
concrete is about 10% of its compressive 
strength [1].  
 
The strength of the relationship between the split 
tensile strength and compressive strength was 
also analyzed using the Pearson’s correlation 
coefficient. From the analysis, it was found that, 
a strong positive correlation (with coefficient of 
0.96314) exit between the SPS and compressive 
strength of the concrete. These results imply that 
increasing the compressive strength of PKS 
rubberised concrete leads to an increase in both 
the split tensile and flexural tensile strength and 
vice versa.  
 

3.3 Failure Modes of Test Specimens  
 
Two failure patterns were identified for the test 
specimens: (1) brittle failure and (2) ductile 
failure. In the control specimen (concrete with 
only granite aggregates) and the PKS concretes, 
failure of the concrete was found to be explosive 
which resulted in full disintegration of the test 
specimens.  

 

https://www.sciencedirect.com/topics/engineering/flexural-reinforcement
https://www.sciencedirect.com/topics/engineering/modulus-of-rupture
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Fig. 4. Variation of MOR with increase in PKS-tire content 
 

 
 

Fig. 5. Modulus of Rupture with age of curing 
 

 
 

Fig. 6. Effect of PKS-Tire content on split tensile strength 
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Failure was observed to be along the                  
smooth convex surface of the PKS aggregates 
(Fig. 7). The failure of the PKS concrete                         
appears not to be as a result of failure                       
of the PKS aggregates at least at early stages of 
hydration. As posited by Mannan and Ganapath 
[31], failure of PKS concrete at 90 days is 
controlled more by the strength of the PKS-
cement paste bond than by the strength of PKS 
aggregate itself. The mode of failure of the PKS 
concrete (PKSC) observed in this study, 
however, suggests that the strength of PKSC 
depends on the strength of the mortar, and the 
interfacial bond between the PKS and the 
cement matrix at least at early stages of 
hydration. 
 
For the rubberised concrete, however,                       
failure was found to be gradual and the 
specimens were capable of sustaining the load 
even after failure without full disintegration. As 
shown in the split test (see Figs. 8a & b), the 
NWC and concrete with high volume of PKS 
aggregates were split into two halves while the 
samples with high volume of rubber kept 
undetached.  
 
Similarly, during the flexural tensile test                        
(Fig. 9), the rubberised concrete exhibited            
ductile failure mode compared to the brittle 
failure of the PKS concrete. This indicates that 
rubberised concrete has higher toughness and 

capacity to absorb energy and sustain                       
large deflections until failure as noted by 
previous studies such as Huang et al. [32] and 
Zheng et al. [33]. This behaviour of the tire 
aggregates is beneficial to concrete structures 
that require good impact resistance properties. 
These two kinds of failure modes are however 
consistent with provisions of BS EN 12390-3 
[34]. 
 

 
 

Fig. 7. Schematic sketch of crack pattern of 
PKS specimen 

 

  
(a) 

 
(b) 

 
 

Fig. 8. (a) Splitting of concrete into 2 halves for specimen with high volume of PKS aggregates 
(b) Sticking together of concrete for mixes with high volume of tire aggregates after split 

tensile test 



 
 
 
 

Boateng et al.; J. Eng. Res. Rep., vol. 24, no. 8, pp. 1-11, 2023; Article no.JERR.97513 
 
 

 
9 
 

 
 

Fig. 9. Ductile failure of specimen with high volume of tire aggregate after flexural test 
 

4. CONCLUSION  
 
The tensile strength is an important property of 
concrete that is required in the design of 
reinforced concrete members. This study 
presents an experimental investigation on the 
tensile strength and modes of failure of concrete   
that utilizes both PKS and tire as partial to full 
replacement of granite stones as coarse 
aggregates. The following conclusions may be 
drawn based on the results obtained and 
reported herein:  
 
1. There is a systematic reduction in both the 

flexural tensile strength (FTS) and split 
tensile strength (SPS) of concrete that utilize 
PKS and Tire as aggregates as the volume 
of these materials increases. A reduction of 
about 72% and 81% in the FTS and SPS are 
expected when the entire volume of the 
granite aggregate is replaced with PKS and 
tire. The rate of strength reduction however, 
decreases with increase in PKS content.  

2. The SPS range from 1.18 N/mm
2
 to 5.3 

N/mm
2
 depending on the volume of PKS and 

tire particles in the mix.  From practical point 
of view, the total aggregate replacement 
level should not exceed 50% of the total 
coarse aggregate volume (TCAV) due to the 
severe reductions in the tensile strengths 
beyond this point. 

3. The ratio of the flexural tensile strength and 
compressive strength is about 17.55% for             
TAR ≤ 50% and 8% for TAR> 50%. Similarly, 
the split tensile strength is averagely 9.7% of 
the compressive strength. It is therefore safe 
to assume that the tensile strength of PKS 
rubberised concrete is about 10% of its 
compressive strength. 

4. There is a strong positive correlation 
between the compressive strength and 
tensile strengths of PKS rubberised 
concrete. 

5. Failure of PKS concrete is more brittle 
compared to the ductile failure of rubberised 
concrete. On this basis, a blend of PKS and 
tire in the form P50T50 to P75T25 is 
recommended to obtain concrete of 
adequate strength and better failure mode. 
The toughness and ductility of rubberised 
concrete is beneficial in structural 
applications in seismic zones and areas 
subjected to impact loading. 

6. Binary combination of tire and PKS in 
concrete should be used since the tensile 
strength of the resultant concrete composite 
is adequate enough for structural 
applications.  

 
From the current study, it was observed that 
beyond 50% TAR, there was severe reductions 
in the tensile strength of the concrete. It is 
therefore recommended that future studies 
should look at innovative ways of improving the 
tensile strength of this concrete beyond 50% 
replacement level. 
 

COMPETING INTEREST  
 
The authors declare that, there is no known 
competing interest. 
 

REFERENCES 
 
1. Neville AM. Properties of concrete. 

London: Longman. 2011;4. 
2. National Minerals Information Centre. 

Mineral Commodity Summaries 2022 data: 



 
 
 
 

Boateng et al.; J. Eng. Res. Rep., vol. 24, no. 8, pp. 1-11, 2023; Article no.JERR.97513 
 
 

 
10 

 

U.S. Geological Survey data release; 
2022. 
DOI:https://doi.or/10.5066/P9KKMCP4 

3. Global crushed stone aggregate Trends 
and markets; 2023.  
Available: https:// 
www.jxscmine.com/crushed-stone 
Accessed on 3rd February, 2023, 10:12 
GMT. 

4. Ettu LO, Ibearugbulem OM, Ezeh JC, Anya 
UC. A reinvestigation of the prospects of 
using periwinkle shell as partial 
replacement for granite in concrete. 
International Journal of Engineering 
Science Invention. 2013;2(3):54-59. 

5. Kumar S, Smith R.S, Fowler G, Velis C, 
Kumar SJ, Arya S, Rena, Kumar R, 
Cheeseman C. Challenges and 
opportunities associated with waste 
management in India. Royal Soci. Open 
Sci. 2017;4(3):160764. 

6. Olanipekun EA, Olusola KO, Ata O. A 
comparative study of concrete properties 
using coconut shell and palm kernel shell 
as coarse aggregates. Building 
Environment. 2006;41(3):297-301. 

7. Siddika A, Al Mamun MA, Alyousef R, 
Amran YM, Aslani F, Alabduljabbar H. 
Properties and utilizations of waste tire 
rubber in concrete: a review. Constr Build 
Mater. 2019;224(1):711–31. 

8. Liu L, Cai G, Zhang J, Liu X, Liu K. 
Evaluation of engineering properties and 
environmental effect of recycled waste tire-
sand/soil in geotechnical engineering: A 
compressive review. Renewable and 
Sustainable Energy Reviews. 
2020;1(126):109831. 

9. Hamdi A, Abdelaziz G, Farhan K Z. Scope 
of reusing waste shredded tires in concrete 
and cementitious, composite materials: A 
review. Journal of Building Engineering. 
2021;35:102014.  

10. Boateng E, Kankam CK, Danso AK, 
Ayarkwa J, Acheampong A. Assessing 
compressive strength of concrete with 
waste automobile tire and palm kernel 
shells as aggregates. Journal of 
Engineering Research and Reports. 
2023;24(6):1-12. 
DOI:https://doi.org/10.9734/jerr/2023/v24i6
819 

11. Habib A, Yildirim U, Eren O. Mechanical 
and dynamic properties of high strength 
concrete with well graded coarse and fine 
tire rubber. Constr. Build. Mater. 2020; 
246:118502.  

DOI:https://doi.org/10.1016/j.conbuildmat.2
020.118502 

12. Zhang J, Chen C, Li X, Chen X, Zhang Y. 
Dynamic mechanical properties of self-
compacting rubberized concrete under 
high strain rates. J. Mater. Civ. Eng., 
2021;33(2):402- 458. 
DOI:https://doi.org/10.1061/(ASCE)MT.194
3-5533.0003560.  

13. Shafigh P, Jumaat M Z, Mahmud HB, 
Anjang NAH. Lightweight concrete made 
from crushed oil palm shell: Tensile 
strength and effect of initial curing on 
compressive strength, Construction and 
Building Materials. 2012;27(1):252-258. 

14. Acheampong A, Adom-Asamoah M, 
Ayarkwa J, Afrifa R., Code compliant 
behaviour of palm kernel shell reinforced 
concrete (RC) beams in shear. Journal of 
Civil Engineering and Construction 
Technology. 2016;6(4):59-70. 

15. Alengaram UJ, Mahmud H, Jumaat MZ, 
Shirazi SM. Effect of aggregate size and 
proportion on strength properties of palm 
kernel shell concrete. International Journal 
of the Physical Sciences. 2010;5(12):1848-
56. 

16. Ahmed M, Hadi KM, Hasan MA, Mallick J, 
Ahmed A. Evaluating the co-relationship 
between concrete flexural tensile strength 
and compressive strength. International 
Journal of Structural Engineering. 2014 
Jan 1;5(2):115-31 

17. Mehta PK, Monteiro PJM. Concrete: 
Microstructure, Properties, and Materials. 
3rd ed. McGraw-Hill; New York, NY, USA. 
2006;67–80.  

18. Jumaat MZ, Alengaram UJ, Mahmud, H. 
Shear strength of oil palm shell foamed 
concrete beams, Materials and Design. 
2009;30(6):2227–2236. 

19. Ndoke PN. Performance of palm              
kernel shells as a partial replacement for 
coarse aggregate in asphalt concrete, 
Leonardo Electronic Journal of              
Practices and Technologies. 2006;5(9): 
145-52. 

20. Youssf O, Mills JE, Hassanli R. 
Assessment of the mechanical 
performance of crumb rubber concrete, 
Constr. Build. Mater. 2016;125(1):175–
183. 

21. Jokar F, Khorram M, Karimi G, Hataf N. 
Experimental investigation of mechanical 
properties of crumbed rubber concrete 
containing natural zeolite, Construct. Build. 
Mater. 2019;208:651–658. 



 
 
 
 

Boateng et al.; J. Eng. Res. Rep., vol. 24, no. 8, pp. 1-11, 2023; Article no.JERR.97513 
 
 

 
11 

 

22. Teo DCL, Mannan MA, Kurian VJ. 
Structural concrete using oil palm shell 
(OPS) as Lightweight Aggregate, Turkish 
Journal of Engineering and Environmental 
Science. 2006;30:1–7. 

23. Mohammadi I, Khabbaz H, Vessalas K. 
Enhancing mechanical performance of 
rubberised concrete pavements with 
sodium hydroxide treatment, Mater. Struct. 
2015;49(3):813–827. 

24. Si R, Guo S, Dai O. Durability performance 
of rubberized mortar and concrete with 
NaOH-Solution treated rubber particles, 
Construct. Build. Mater. 2017;153:496–
505. 

25. Department of Environment (DOE). 
Concrete mix design, UK; 1988. 

26. BS EN 12390-1, Testing hardened 
concrete — Part 1: Shape, dimensions and 
other requirements for specimens and 
moulds, British Standard Institution, 
London, UK; 2000. 

27. BS EN 12390-5. Testing Hardened 
ConcretePart-5: Flexural Strength of Test 
Specimens, British Standards Institution; 
2000. 

28. BS EN 12390-6. Testing hardened 
concrete- Part 6: Tensile splitting strength 

of test specimens British Standard 
Institution, London, UK; 2009.   
DOI:https://doi.org/10.3403/30200045 

29. Khaleel OR, Al-Mishhadani SA, Razak HA. 
The effect of coarse aggregate on fresh 
and hardened properties of self-
compacting concrete (SCC), Procedia 
Engineering. 2011;14(1):805–813. 

30. Mehta PK, Monteiro PJM. Concrete: 
Microstructure, properties, and materials. 
3rd Edition, McGraw-Hill, Inc. New York, 
USA; 2006. 

31. Mannan MA, Ganapathy C Engineering 
properties of concrete with oil palm shell as 
coarse aggregate. Construction and 
Building Materials. 2002;16(1):29-34. 

32. Huang B, Li G, Pang S, Eggers J. 
Investigation into waste tire rubber-filled 
concrete. Journal of Materials in Civil 
Engineering. 2004;16(3):187-194 

33. Zheng L, Huo XS, Yuan Y. Experimental 
investigation on dynamic properties of 
rubberized concrete. Construction & 
Building Materials. 2012;22(5):939-947. 

34. BS EN 12390-3. Testing Hardened 
Concrete - Part-3: Compressive Strength 
of Test specimen. British Standard 
Institution, London, UK; 2000. 

  
© 2023 Boateng et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/97513 

http://creativecommons.org/licenses/by/2.0

