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Abstract

This experimental study aims to evaluate the compressive strength of concrete using palm kernel shells as a
substitution for coarse aggregates. The utilization of locally available materials in abundance, such as palm kernel
shells, can serve as a sustainable alternative in construction. This research is conducted to measure the influence
of palm kernel shell usage on the mechanical properties of concrete, particularly its compressive strength. The
research methodology involves the preparation of concrete mixtures with various levels of substitution of coarse
aggregates with palm kernel shells. Test specimens were prepared with substitution percentages of 0%, 25%, and
60% with planned ages of 7 days, 21 days, and 28 days. Three cube specimens were cast for each planned age.
The test results were used to compare the compressive strength of concrete with and without palm kernel shells
and to evaluate the potential of palm kernel shells as a substitute for coarse aggregates in structural concrete
applications. The research findings indicate that the highest compressive strength was obtained in the concrete
without any palm kernel shell mixture (0%), measuring 379.86 kg/cm?. The highest compressive strength with the
substitution of coarse aggregates using palm kernel shells was found in the 25% mixture, with a value of 362.57
kg/cm?, while the lowest percentage was recorded in the 60% mixture, with a value of 270.65 kg/cm?. Palm
kernel shells have the potential to be used as a substitute for coarse aggregates in concrete. However, their
utilization needs to be carefully analyzed and tailored to the specific conditions and requirements of construction
projects. This research provides initial insights into the use of palm kernel shells in concrete and can serve as a
foundation for further research in the development of environmentally friendly concrete using sustainable local
raw materials
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I. INTRODUCTION

The construction industry is one of the key sectors in infrastructure development and sustainable construction.
One of the main materials in the construction industry is concrete, which consists of Portland cement, fine
aggregate, coarse aggregate, and water. Coarse aggregate in concrete typically comes from natural rocks, such as
gravel or crushed stone, using natural aggregates can lead to the degradation of natural resources with adverse
environmental impacts. Currently, the main challenge in the construction world is to find sustainable and
environmentally friendly alternatives to conventional materials. One alternative material can be used by utilizing
agricultural or industrial waste, such as palm kernel shells, as a replacement for coarse aggregate in concrete. The
palm kernel shells depicted in Figure 1, are abundant waste from the palm oil industry's production process, and
their use in construction can provide significant benefits, namely reducing environmental impact and reducing
waste in the palm oil industry.

This study holds great relevance in the context of sustainable development in industrial waste management. If
palm kernel shells are proven effective as a substitute for coarse aggregate in concrete, it can help reduce reliance
on natural aggregates and mitigate their environmental impacts. Additionally, the utilization of palm kernel shell
waste can provide added value to the palm oil industry by creating new opportunities in the circular economy.
This research aims to conduct experimental tests on concrete mixing using palm kernel shells as a substitute for
coarse aggregate. It seeks to identify the potential advantages and drawbacks of using palm kernel shells in
concrete, including their influence on concrete strength. Thus, this study will provide a better understanding of
the potential utilization of palm kernel shells in the construction industry.

The proportions of the concrete mix must meet strength requirements and produce concrete of suitable
quality, including workability that allows ease of concrete placement, compaction, and leveling to fill molds and
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achieve uniformity. Additionally, concrete must meet durability and compressive strength requirements while
remaining cost-effective [1]. Casting methods also affect concrete strength. If casting requirements are not met,
the planned compressive strength of concrete is likely to be compromised [2].

Figure 1. Palm sheIIA

When designing a structural component, it is assumed that concrete carries compressive stress rather than
tensile stress. Therefore, the compressive strength of concrete is typically used as a reference to determine the
quality and grade of concrete material. The compressive strength of concrete can be determined through
compressive strength testing, following the ASTM C39/C39M-12a "Standard Test Method for Compressive
Strength of Cylindrical Concrete Specimens." Typically, test specimens are cylindrical with a diameter of 150
mm and a height of 300 mm. The compressive strength of concrete can be calculated using Equation (1) [3].

. P
Compressive Strength (o) = " (D)

The concrete compressive strength (o) with cylindrical test specimens is expressed in MPa. The axial
compressive force (P) is expressed in Newtons (N), and the cross-sectional area of the test specimen (A) is
expressed in square millimeters (mmz2).

An evaluation of compressive strength with the addition of palm kernel shells at 7% and 12% revealed
concrete compressive strength values exceeding those of normal concrete. In the 7% palm kernel shell mixture,
the compressive strength of concrete was found to be 0.08 MPa greater than that of normal concrete, while for the
12% mixture, the compressive strength was 0.1 MPa higher than that of normal concrete [4]. Considering the
limitations of natural resources, alternative lightweight aggregate materials must be sought from industrial waste.
Palm kernel shells and palm kernel boiler clinker are two solid wastes from the palm oil industry that are
abundant in tropical regions. The use of palm kernel shells alone as lightweight coarse aggregate in concrete has
some drawbacks. However, when palm kernel shells are replaced with palm kernel boiler clinker, there is a
significant increase in compressive strength, tensile strength, and flexural strength. Additionally, the initial and
final water absorption, as well as drying shrinkage strain of concrete with coarse lightweight aggregate mixture
are much smaller compared to concrete with palm kernel shells [5].

Palm shells are solid waste from agricultural production in the palm oil extraction process. Replacing
conventional coarse aggregate with palm kernel shell aggregate is an environmentally friendly option offering
several advantages, such as lightweight properties, renewability, and domestic availability. The hybrid
lightweight concrete mixture with 0.4% palm kernel shells (OPSLWC-HYB-0.4%) achieved the highest
compressive strength of 29 MPa at 28 days. The addition of palm shell fibers at 0.3% showed significant results
with the lowest thermal conductivity at 0.55 W/m °C. The research results indicate that the inclusion of a palm
shell enhances the thermal conductivity test performance compared to the addition of palm shell fibers. Therefore,
OPS LWC has proven to be an environmentally friendly aggregate and is highly recommended as an alternative
solution to replace conventional aggregates used in concrete mix compositions [6].

Results from various tests on palm kernel shells indicate that, for sieve analysis, specific gravity, and
absorption, they meet SNI (Indonesian National Standards) standards, allowing their use as aggregate substitutes,
not exceeding 10% for palm kernel boiler ash and not exceeding 30% for palm kernel shells. The average
compressive strength on days 7 and 28 was obtained at 21 MPa, which did not meet the planned compressive
strength of 25 MPa [7]. The average compressive strength results for each variation of palm kernel shell mixture,
starting from 0%, 15%, 20%, and 25%, were 20.18 MPa, 17.20 MPa, 16.27 MPa, and 15.34 MPa, respectively.
The decrease in compressive strength for each successive percentage increase of palm kernel shells (15%, 20%,
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and 25%) was 14.77%, 19.38%, and 23.98%, respectively. The higher the percentage of palm kernel shell mixture
used in the concrete, the lower the compressive strength achieved. Conversely, a higher percentage of palm kernel
shell mixture leads to a lighter test specimen [8]."

When adding 5% palm kernel shells, the compressive strength of the concrete increased. However, with the
addition of 15% and 25% palm kernel shells in the concrete mix, the compressive strength deviated from the
planned compressive strength [9]. The test results of the CKS-5% concrete mixture (f'c;23.33 MPa, fcf;3.6 MPa)
can be used for rigid pavement in low-traffic roads compared to the CKS-2.5% mixture (f'c;14.43 MPa, fcf;2.85
MPa), CKS-7.5% (f'c;17.70 MPa, fcf;3.16 MPa), and CKS-10% (f'c;12.86 MPa, fcf;2.69 MPa). When compared
to the CKS-0% concrete mixture (f'c;23.97 MPa, fcf;3.7 MPa), the CKS-5% mixture (f'c;23.33 MPa, fcf;3.6 MPa)
experienced a decrease in f'c and fcf by 2.7% and 1.4%. The use of 5% palm kernel shells (CKS-5%) can reduce
the use of coarse aggregate sized 1-2 by 69 Kg/m3 [10]. The availability of 2 million tons/year of palm kernel
shell waste in the Riau province represents a potential source for the production of structural lightweight concrete
and can also serve as an alternative to natural coarse aggregates. Compressive strength test results indicate that
the average compressive strength at 7 days is 14.29 MPa, at 14 days is 17.04 MPa, at 21 days is 18.85 MPa, while
the maximum compressive strength is achieved at 28 days, with an average of 20.79 MPa. The overall tested
compressive strength of lightweight concrete is approaching the planned concrete compressive strength of 21
MPa [11]."

Palm shells are lightweight and have a hard shell, making them a potential aggregate for lightweight concrete.
Non-sand concrete is a type of lightweight concrete obtained by eliminating fine aggregate from the normal
concrete mix. In tests conducted at 28 days, non-sand concrete with a cement-to-gravel volume ratio of 1:3
achieved a compressive strength of 8.71 MPa. Meanwhile, for non-sand concrete with cement-to-palm kernel
shell volume ratios of 1:3, 1:6, and 1:8, compressive strengths of 4.64 MPa, 3.62 MPa, and 3.06 MPa were
obtained, respectively. Furthermore, for cement-to-palm kernel shell volume ratios of 1:10 and 1:12, compressive
strengths were below 3 MPa. These results indicate that non-sand concrete with palm kernel shell aggregates at
ratios of 1:3, 1:6, and 1:8 meet the criteria for non-sand concrete compressive strength, ranging from 2.8 MPa to
10 MPa. Thus, non-sand concrete made with palm kernel shell aggregates can be used as environmentally
friendly non-structural lightweight concrete due to its water permeability [12]. Palm kernel shell waste has
significant potential in the construction industry, considering the increasing extent of palm oil plantations each
year. Compressive strength tests on paving blocks with mixing percentages of 0%, 5%, 10%, and 15% resulted in
strengths of 8.08 MPa, 7.18 MPa, 6.46 MPa, and 5.94 MPa, respectively. The water absorption values of paving
blocks with mixing percentages of 0%, 5%, 10%, and 15% were 9.88%, 10.25%, 12.27%, and 12.44%,
respectively [13]. The workability and dry density of palm kernel shell concrete (OPSC) increase with the age
category of OPS species. The compressive strength of CD3 specimens increased significantly compared to CT3
specimens by 21.8%. The maximum compressive strength achieved at 28 days and 90 days was 54 MPa and 56
MPa, respectively. Water absorption was found to be within the range suitable for good concrete performance for
various OPSC species. Additionally, ultrasonic pulse velocity (UPV) results indicated that OPS HSLWC reached
a favorable condition at 3 days of age [14].

Palm kernel shell concrete (OPSC) treated with full OPS (Wash-Dry-Sieve) exhibited the highest compressive
strength values, increasing by 65% compared to untreated OPS (Wash-Dry-Sieve). The strength enhancement
may be attributed to 1) the removal of residual oil on the OPS surface through washing with detergent, with a
mass of 2% of the dry OPS mass, and 2) the elimination of sub-2mm particles in OPS through sieving, which
includes soil and OPS fibers. OPSC can develop higher compressive strength levels with the washing, drying, and
sieving treatment applied to OPS compared to concrete casting with untreated OPS [15]. Palm kernel shell in
concrete mix undergoes shrinkage expansion during the hardening process, causing the bond between palm kernel
shell and cement matrix to weaken, which is the main reason for the low compressive strength of concrete. Cost
analysis was also conducted to compare the cost between palm kernel shells and normal concrete with the same
quality. The cost of palm kernel shells was found to be 2% lower than the cost of normal concrete [16]. The
addition of palm kernel shells to concrete is an innovation and breakthrough in the more productive utilization of
palm waste. The compressive strength of concrete was obtained with the following data: For FAS 0.35, the
average compressive strength of BTCS is 348.15 kg/cm2, BDCSA (7%) is 363.07 kg/cm2, and BDCSB (14%) is
302.90 kg/cm2. For FAS 0.45, the average compressive strength of BTCS is 292.59 kg/cm2, BDCSA (7%) is
303.20 kg/cm2, and BDCSB (14%) is 249.27 kg/cm2. For FAS 0.50, the average compressive strength of BTCS
is 273.09 kg/cm2, BDCSA (7%) is 271.53 kg/cm2, and BDCSB (14%) is 219.47 kg/cm2. The test results show
that the average compressive strength of concrete is influenced by the water-cement factor (FAS) and the
percentage of palm kernel shell addition in the concrete mix [17]. Palm kernel shell material coated with
nanomaterials exhibits comparative strength with regular cement. The mixture of regular cement with palm kernel
shell concrete can address modern waste that can be utilized to create strong and durable concrete [18]. Palm
kernel shells, as a biomaterial (renewable resource), can be used as a substitute for natural coarse aggregates. The
optimum fly ash content is 10%, and SP 1% is used to reduce water content. The use of palm kernel shells as a
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substitute for aggregates means reducing waste from the palm kernel industry while also decreasing the use of
natural materials. Additionally, in Indonesia, there are many areas where natural stone resources are scarce, while
palm oil plantations are quite extensive [19]

The compressive strength test results at 28 days of age show an increase in concrete compressive strength.
However, as the percentage of palm kernel shell content increases, the compressive strength decreases. Normal
concrete (0% palm kernel shell) has a compressive strength of 46.188 MPa, while substitutions of 15%, 30%,
45%, and 60% result in compressive strengths of 42.917 MPa, 23.287 MPa, 18.860 MPa, and 8.468 MPa,
respectively. There is a decrease in compressive strength from 0% substitution to 60% substitution, and there is
also a decrease in the weight of the concrete with palm kernel shell substitutions of 0%, 15%, 30%, 45%, and
60%, resulting in densities of 2528 kg/m3, 2359 kg/m3, 2053 kg/m3, 1990 kg/m3, and 1809 kg/m3, respectively.
The test results show that concrete with 0% palm kernel shell substitution can be categorized as high-quality
concrete, as 60% palm kernel shell substitution results in non-structural and lightweight concrete [20]. The
addition of a 10% mixture of palm kernel shell (PKS) as a substitute for coarse aggregate in concrete is very
beneficial without significantly reducing the concrete's strength [21]. The compressive strength and density of
concrete continuously decrease with the addition of palm kernel shell into the concrete mix for all tested curing
ages. The compressive strength of palm kernel shell concrete at 28 days ranges from 12.71 to 16.63 N/mmz2,
while its density ranges from 1562 to 2042 kg/m3. Physical property tests include sieve analysis, density, water
content, and density analysis to describe the aggregates. The density of sharp sand, crushed granite, and palm
kernel shell is found to be 2500 kg/m3, 2760 kg/m3, and 1,301 kg/m3, respectively, with respective water
absorption capabilities of 6% in 1 hour and 24 hours for granite, and 11% in 1 hour and 21.5% in 24 hours for
palm kernel shell. All aggregates examined are suitable for concrete production based on the observed physical
properties [22].

Il. RESEARCH METHOD

The first step is the collection of palm kernel shells. Palm kernel shells should be gathered from various
sources and inspected to ensure consistent quality and size. Additionally, conventional coarse aggregates should
also be collected for use as a comparison, and Portland cement should be gathered as the binding material.
Afterward, prepare the materials as depicted in Figure 2.

Figure 2. Prepare the materials

Palm kernel shells must be cleaned of impurities and unwanted materials. Initial material testing involves
conducting laboratory tests to determine the physical and chemical properties of palm kernel shells and
conventional coarse aggregates, such as density, particle size, strength, and moisture content. After the materials
are prepared, the next step is to design the concrete mix, with different mix variations using varying ratios of
palm kernel shells and conventional coarse aggregates. These variations should encompass different substitution
percentages of palm kernel shells, such as 0%, 25%, and 60%, using three cube test specimens per planned age.
Maintain a consistent ratio of cement to aggregates for all mixtures. Conduct a concrete consistency test using the
slump test method or other consistency tests to ensure that the mixture achieves the desired consistency, as shown
in Figure 3.
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2

Figure 3. Iump Test ‘

The concrete samples should be prepared in the form of cubes, following the standard concrete strength
testing procedures as depicted in Figure 4. Dry and cure the concrete samples, and then conduct concrete strength
tests by testing the samples at different ages, such as 7, 14, and 28 days, using a concrete compression test.

R e 5
Figure 4. Specimens

Compare the concrete strength of mixtures with palm kernel shells and conventional coarse aggregates at
various substitution percentages. Perform statistical analysis to determine whether the differences between the
concrete mixtures vary significantly.

I1l. RESULT AND DISCUSIION

From the results presented in table 1, for the mixtures with aggregate substitution percentages of 0%, 25%,
and 60% at the planned age of 7 days, the respective average compressive strengths are 367.12 kg/cm?, 355.83
kg/m?, and 238.07 kg/cm?. This indicates that the composition with 0% substitution has the highest average
compressive strength, while the mixtures with 25% and 60% substitution experience a decrease in compressive
strength. Furthermore, at the planned age of 21 days, the respective average compressive strengths are 374.21
kg/cm?, 359.65 kg/m?, and 259.37 kg/cm?. This condition is consistent with the 7-day age results, where the
composition with 0% substitution has the highest average compressive strength, and the mixtures with 25% and
60% substitution experience a decrease in compressive strength. Lastly, at the planned age of 28 days, the results
are not significantly different from those at 3 and 7 days. There is a decrease in compressive strength as the
dominance of palm kernel shells in the concrete mixture increases.
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TABLE 1. AVERAGE CONCRETE COMPRESSIVE STRENGTH TEST RESULTS

Percentage of Compression Strength
Coarse
Aggregate | Planned Load (k) (MPa) CO/;Anverage_ .
ega pression | Compression
Substitution Age Sample | Sample | Sample | Area | Sample | Sample | Sample Strength Strength
(%) (day) 1 2 3 (cm?) 1 2 3 (MPa) (kglcm?)
7 679 663 675 225 30,18 29,47 30,00 29,88 367,12
0 21 680 686 690 225 30,22 30,49 30,67 30,46 374,21
28 680 712 695 225 30,22 31,64 30,89 30,92 379,86
7 654 648 653 225 29,07 28,80 29,02 28,96 355,83
25 21 658 673 645 225 29,24 29,91 28,67 29,27 359,65
28 647 675 670 225 28,76 30,00 29,78 29,51 362,57
7 440 438 430 225 19,56 19,47 19,11 19,38 238,07
60 21 480 475 470 225 21,33 21,11 20,89 21,11 259,37
28 480 520 487 225 21,33 23,11 21,64 22,03 270,65

The research results presented in

Graph 1, Show a comparison of compressive strength. The blue line

represents the composition with 0% substitution, indicating that it has the highest average compressive strength at
both the planned ages of 7 days, 21 days, and 28 days. The red line on the graph represents the composition with
25% substitution, with the average compressive strength falling between 0% and 60% substitution. Meanwhile,
the composition with 60% substitution exhibits the lowest compressive strength
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Graph 1. Comparison of concrete compressive strength

The research results presented in Graph 2, show the optimum composition mixture percentage. The blue line
represents the planned age of 7 days, indicating that the optimum composition mixture is at 0% substitution with
a compressive strength value of 367.12 kg/cm?. The red line, which represents the planned age of 21 days, also
shows the optimum composition mixture at 0% substitution, with a compressive strength value of 374.21 kg/cm?2.
Furthermore, at the planned age of 28 days, the results are the same, with the optimum composition mixture at
0% substitution and a compressive strength value of 379.86 kg/cm?.
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Based on the analysis of cube-shaped test specimens regarding the cracking behavior observed in concrete test
specimens with 0% variation, after testing, the average failure type observed is parallel to the vertical axis
(columnar). The fracture pattern occurs due to the placement of the test specimen at a pivot point centered in the
middle of the sample, as shown in Figure 5.

Figure 5. Crack Pattern of Concrete in the 0% Mixture.

In the data presented in Figure 6, the crack pattern or fracture type observed in concrete test specimens with a
25% variation, after testing, on average, results in a cone-type failure. The fracture pattern occurs due to the
placement of the test specimen at a pivot point centered on the surface of the specimen. Meanwhile, the crack
pattern or fracture type observed in concrete test specimens with a 60% variation, after testing, on average, results
in a shear-type failure. The fracture pattern occurs due to the excessive voids caused by palm kernel shell
fragments, leading to numerous cracks, as depicted in Figure 7.

Figjure 6. Crack Pattern of Concrete in the 25% Mixture.

<
4
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Figure 7. Crack Pattern of Concrete in the 60% Mixture.
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IV. CONCLUSION

The research results indicate that the highest compressive strength is achieved in concrete without palm kernel
shell mixtures at 0%, which is 379.86 kg/cm2 at 28 days of age. In contrast, the percentage of palm kernel shell
mixtures in concrete results in a decrease in compressive strength as the percentage of palm kernel shell mixtures
in the concrete increases. It can be concluded that the more palm kernel shell mixtures are added, the lower the
compressive strength of the concrete. For the highest compressive strength at the age of 28 days, a composition
with 25% palm kernel shell mixtures yields a compressive strength of 362.57 kg/cm2, while the lowest
compressive strength is found in the 60% mixture, which is 270.65 kg/cm2 at 28 days. The compressive strength
test results for concrete with 0%, 25%, and 60% substitution of palm kernel shell waste as a coarse aggregate
replacement do not exceed that of normal concrete. Based on the analysis of cube-shaped test specimens
regarding the cracking behavior observed in concrete test specimens, it can be concluded that for the 0%
variation, the fracture pattern results in columnar-type failure. The fracture pattern occurs due to the placement of
the test specimen at a pivot point centered in the middle of the sample. In contrast, for the 25% variation, the
fracture pattern results in cone-type failure. Finally, for the test specimens with a 60% mixture, the fracture
pattern results in shear-type failure. The fracture pattern occurs due to the excessive voids caused by palm kernel
shell fragments, leading to numerous cracks.

V. REFERENCES

[1] Badan Standarisasi Nasional. 2000. SNI 03-2834-2000. Tata cara pembuatan rencana campuran beton normal. Penerbit Badan Standar
Nasional. Jakarta.

[2] Badan Standarisasi Nasional. 1995. SNI 03-3976-1995. Tata cara pengadukan beton. Penerbit Badan Standar Nasional. Jakarta.

[3] Badan Standarisasi Nasional. 1990. SNI 03-1974-1990. Metode Pengujian Kuat Tekan Beton. Penerbit Badan Standar Nasional.
Jakarta.

[4] Purnama, Reza & Farizal, Teuku & Ikhsan, Muhammad. (2022). Penelitian Kuat Tekan Beton Menggunakan Bahan Tambahan
Cangkang Sawit Pada Pekerjaan Gorong-Gorong Di PT. Socfindo. Jurnal Illmiah Teknik Unida. 3. 206-212.
http://dx.doi.org/10.55616/jitu.v3i2.384

[5] Aslam, Muhammad & Shafigh, Payam & Jumaat, Zamin. (2017). High Strength Lightweight Aggregate Concrete using Blended
Coarse Lightweight Aggregate Origin from Palm Oil Industry. Sains Malaysia. 46. 667-675. http://dx.doi.org/10.17576/jsm-2017-
4604-20

[6] Loh, Leong & Yew, Ming Kun & Yew, Ming & Torbjorn, Magnusson & Lee, Foo Wei & Lim, Siong Kang & Kwong, Kok. (2021).
Mechanical and Thermal Properties of Synthetic Polypropylene Fiber-Reinforced Renewable Oil Palm Shell Lightweight Concrete.
Materials (Basel, Switzerland). 14. http://dx.doi.org/10.3390/ma14092337

[7] Vitri, G. ., & Herman, H. (2019). Pemanfaatan Limbah Kelapa Sawit Sebagai Material Tambahan Beton. Jurnal Teknik Sipil Institut
Teknologi Padang, 6(2), 78-87. https://doi.org/10.21063/jts.2019.V602.078-87

[8] Haniza, S., & Hamidi, A. (2017). Analisa Perubahan Nilai Karakteristik Kuat Tekan Beton K 200 Yang Menggunakan Cangkang
Sawit Sebagai Pengganti Sebagian Agregat Kasar. Sainstek (e-Journal), 5(2), 82-89. Retrieved from https://ejournal.sttp-
yds.ac.id/index.phpl/js/article/view/89

[9] P, J., & satriani, s. (2019). Studi Pengaruh Penambahan Limbah Cangkang Sawit Terhadap Kuat Tekan Beton. Density (Development
Engineering Of University) Journal, 1(2), 46-52. https://doi.org/10.35747/density.v1i2.432

[10] M, M., Adibroto, F., L, L., Ali, S., & Archenita, D. (2020). Pemanfaatan Cangkang Sawit Sebagai Subtitusi Agregat Kasar Pada Beton
Perkerasan Kaku Untuk Jalan Lalu Lintas Rendah. Jurnal limiah Rekayasa Sipil, 17(2), 113-120. https://doi.org/10.30630/jirs.12.2.406

[11] Hidayat , A. ., & Ariyanto, A. . (2019). Peningkatan Kekuatan Melalui Penambahan Cangkang Sawit Pada Beton Ringan Struktural
Sebagai Agregat Kasar. Aptek, 11(1), 25-30. Retrieved from https://journal.upp.ac.id/index.php/aptek/article/view/466

[12] Alkhaly, Yulius Rief. (2016). Beton Non-Pasir Dengan Agregat Cangkang Kelapa Sawit. Teras Jurnal. 3.
http://dx.doi.org/10.29103/tj.v3i1.49

[13] Wiratno, & Layang, Samuel & Pera, Wandra. (2020). Utilization Of Palm Qil Shell Waste As Alternative Additives In Manufacturing
Paving Block. Balanga: Jurnal Pendidikan Teknologi dan Kejuruan. 8. 30-35. http://dx.doi.org/10.37304/balanga.v8i1.1678

[14] Ming Kun Yew, Hilmi Bin Mahmud, Bee Chin Ang, Ming Chian Yew, "Effects of Oil Palm Shell Coarse Aggregate Species on High
Strength  Lightweight Concrete”, The Scientific World Journal, vol. 2014, Article ID 387647, 12 pages, 2014.
https://doi.org/10.1155/2014/387647

[15] Ng, Daryl & Lau, Teck & Parvez, Anwar & Elleithy, Wael & Hama, Mohammed. (2023). Effects of treatment for raw oil palm shell
on compressive strength of oil palm shell concrete. IOP Conference Series: Earth and Environmental Science. 1205. 012027.
http://dx.doi.org/10.1088/1755-1315/1205/1/012027

[16] Hama, Mohammed & Parvez, Anwar & Lau, Teck & Ng, Daryl. (2023). Emerging Tenera oil palm shell concrete: Mix design and cost
analyses. 1OP Conference Series: Earth and Environmental Science. 1205. 012054. http://dx.doi.org/10.1088/1755-
1315/1205/1/012054

[17] Farizal, Teuku & Samsunan, Samsunan & Rahman, Aulia & Murhaban, Murhaban & Munawir, Al & Darsan, Herri. (2023). Effect Of
Variation Of Cement Water Factor In Concrete Mixture With The Addition Of Palm Shell On The Pressive Strength Of Normal
Concrete. Morfai Journal. 3. 104-116. http://dx.doi.org/10.54443/morfai.v3i1.806

[18] Paramasivam, Prabhu & L, Natrayan. (2021). Structural Behavior of Nanocoated Oil Palm Shell as Coarse Aggregate in Lightweight
Concrete. Journal of Nanomaterials. 2021. http://dx.doi.org/10.1155/2021/4741296

181


http://dx.doi.org/10.55616/jitu.v3i2.384
http://dx.doi.org/10.17576/jsm-2017-4604-20
http://dx.doi.org/10.17576/jsm-2017-4604-20
http://dx.doi.org/10.3390/ma14092337
https://doi.org/10.21063/jts.2019.V602.078-87
https://ejournal.sttp-yds.ac.id/index.php/js/article/view/89
https://ejournal.sttp-yds.ac.id/index.php/js/article/view/89
https://doi.org/10.35747/density.v1i2.432
https://doi.org/10.30630/jirs.12.2.406
https://journal.upp.ac.id/index.php/aptek/article/view/466
http://dx.doi.org/10.29103/tj.v3i1.49
http://dx.doi.org/10.37304/balanga.v8i1.1678
https://doi.org/10.1155/2014/387647
http://dx.doi.org/10.1088/1755-1315/1205/1/012027
http://dx.doi.org/10.1088/1755-1315/1205/1/012054
http://dx.doi.org/10.1088/1755-1315/1205/1/012054
http://dx.doi.org/10.54443/morfai.v3i1.806
http://dx.doi.org/10.1155/2021/4741296

International Journal of Engineering, Technology and Natural Sciences
E-ISSN: 2685-3191 | P-ISSN: 2775-7706
Vol 5 No 2 (2023)

[19] Purwanti, Heny & Artiningsih, Titik. (2019). Palm Kernel Shell As An Alternative Aggregate On High Performance Concrete
Concrete. Journal of Science Innovare. 1. 68-75. http://dx.doi.org/10.33751/jsi.v1i02.1004

[20] Yusra, Andi & Opirina, L. (2019). The Influence of Palm Shell as Aggregate Substitution to The Compressive Normal Concrete
Strength. Journal of Physics: Conference Series. 1376. 012001. http://dx.doi.org/10.1088/1742-6596/1376/1/012001

[21] Ifeanyi, Ogunjiofor & Daniel, Chima & Chukwudubem, Nwabunwanne. (2023). Structural Behavior of Concrete Produced Using
Palm Kernel Shell (PKS) as a Partial Substitute for Coarse Aggregate. American Journal of Innovation in Science and Engineering. 2.
1-7. http://dx.doi.org/10.54536/ajise.v2i1.1228

[22] Oti, Okechukwu & Nwaigwe, Kevin & Okereke, Ngozi. (2017). Assessment of palm kernel shell as a composite aggregate in concrete.
Agricultural Engineering International: CIGR Journal. 19.

182


http://dx.doi.org/10.33751/jsi.v1i02.1004
http://dx.doi.org/10.1088/1742-6596/1376/1/012001
http://dx.doi.org/10.54536/ajise.v2i1.1228

