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Abstract 

The purpose of this study was to analyze the effect of the additional mass 
composition of fiber and coconut shells on the mechanical properties of porous 
concrete. Porous concrete was made from organic waste fiber and coconut shells 
for flood prevention. Experiments were done by weighing, material mixing, 

molding, and drying process. Porous concrete was made into 5 variations by 
combining variable comparisons of coconut shell and coconut fiber with 
variations of 10.00/; 7.50/0.50; 5.00/1.00; 2.50/1.50; and 0.00/2.00. The porous 
concrete is tested through compression tests and water absorption tests. The 
results showed that the composition of the added concrete affected the strength of 
its water absorption ability. The porous concrete with the best level of strength 
and water absorption is obtained in porous concrete with the addition of 2 g of 
coconut fiber and 0 g of coconut shells with values of 156.1 N/s and  0.196%. The 
addition of coconut fibers at a certain concentration showed a direct proportion to 

the compressive strength and air absorption. This research is required to analyze 
and show evidence of the use of porous concrete with coconut fiber and coconut 
shell addition in overcoming floods and reducing the amount of coconut waste. 

Keywords: Agro-waste, Coconut fiber, Coconut shell, Coconut waste, Porous 
concrete. 
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1.  Introduction 

Concrete is a crucial component in engineering [1-5]. One of the attractive concrete is 

porous concrete. Porous concrete is a distinctive variation of concrete. As the name 
suggests, porous concrete has a porous or hollow structure so it can be passed by water. 

Porous concrete consists only of coarse aggregate, cement, and water. Currently, a lot 

of research is directed at the manufacture of high-quality concrete, the quality of the 

concrete depends on the press. To produce high-quality concrete, fairly strict quality 

control is required. The use of admixture in the manufacture of porous concrete is 

expected to increase the binding capacity with other concrete-forming materials so that 

the expected concrete quality can be achieved.  

Porous concrete is made to prevent flooding that often happens in less water 

catchment areas, especially in several cities in Indonesia. Porous concrete has a 

fairly large cavity because of the use of coarse aggregate and cement admixture as 

a binder. Porous concrete can be a preventive way of overcoming flood problems. 
When it rains, the water flows through the porous concrete and then penetrates the 

ground so the water may be directly absorbed by the soil and there will be no 

stagnant water left.  

Several studies have analyzed strength in concrete, including Gunasekaran et 

al. [6] which reported the compressive strength test of coconut shells as aggregates 

in concrete. Concrete with coconut shell aggregates has a resistance comparable to 

conventional concrete. In addition, Kumar et al. [7] reported on coconut fibers as 

additional concrete. The addition of coconut fibers can increase the flexibility level 

of concrete as well as a good bond to the concrete. Nawati et al. [8] researched 

variations of coconut shells used in normal concrete with a concentration of 0.00; 

2.50; 5.00; 7.50; and 10.00% where they concluded that the addition of coconut 

shells to concrete can affect the strength value of the concrete so that the more 
coconut shell composition in the concrete decreases the strength of the concrete. 

Other research conducted by Prahara et al. [9] on the effect of coconut coir on the 

quality value of concrete with the proportion of the addition of 1.50; 2.00; 2.50; 

and 3.00% conclusion that the addition of coir fiber to the concrete mixture can 

increase the compressive strength of concrete. The drawback of some existing 

research is unrevealed results of mechanical research, especially in the existence of 

porous concrete with the addition of added materials (admixture). 

In this study, coconut shells and coconut fibers were used as additives to the 

porous concrete mixture. Based on data released by the Ministry of Agriculture of 

the Republic of Indonesia [10], Indonesia produced 2,798,980 coconuts in 2020. 

Judging from coconut information sources in Indonesia, coconut waste, one of 
which is a coconut shell, is used as an additive for coarse aggregate in concrete 

because it has different properties. hard. Coconut shells contain 33.61% of 

cellulose, 36.51% of lignin, 29.27% of pentosan, and 0.61% of ash [11]. In addition, 

coconut fibers contain 26.60% of alpha-cellulose, 27.70% of hemicellulose, 

29.40% of lignin, 8.00% of water, 4.20% of extractive components, 3.50% of 

anhydrous uronate, 0.10% of nitrogen, and 0.50% of ash [12]. The cellulose and 

lignin content contained in coconut fibers and shells play an important role in the 

strength of concrete. Cellulose can reduce cracks in concrete  [13]. Besides, lignin 

can be an air-reducing mixture in concrete so that the concrete will be stronger [14]. 

The difference between this research and previous research is that we examined 

the value of compression tests on porous concrete with additional ingredients of 
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coconut shell and coconut fiber, which tests have not been carried out in previous 

studies, especially in porous concrete. In addition, the high rate of coconut 

production in Indonesia has encouraged us to make porous concrete with a mixture 

of coconut fiber and coconut shells. 

2.  Method 

2.1. Tools and materials 

The main ingredients used in this study are coarse aggregate and fine aggregate. 

Coarse aggregate consists of gravel, coconut fiber, and coconut shell, while fine 

aggregate is in the form of cement. Another material is distilled water. The tools 

used in this study were a scale, molds with dimensions of 6 × 4 × 2 cm, a stirrer, a 

mixing bowl, a scissor, a hammer, and labels. 

2.2. Porous concrete production 

Figure 1 shows an illustration of the process of making porous concrete with the 

addition of fiber and coconut shell composition. Gravel is collected and then 

weighed as much as 30 g for a prototype porous concrete measuring 6 × 4 × 2 cm. 

Cement was weighed as much as 10 g and distilled water as much as 15 ml. The 

coconut fibers are cut into small pieces and the coconut shell is broken using a 

hammer to make it the size of gravel. Table 1 shows the variations in the 

composition of additives (admixture) for the manufacture of porous concrete. 

  

Fig. 1. Flow diagram of the making of porous concrete. 

Table 1. Variations in the composition of porous concrete addition. 

Admixture Varians 1 Varians 2 Varians 3 Varians 4 Varians 5 

Coconut fiber 0.00 g 0.50 g 1.00 g 1.50 g 2.00 g 

Coconut shell 10.00 g 7.50 g 5.00 g 2.50 g 0.00 g 
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The fibers and coconut shells are stirred together with the gravel, cement, and 

air until the cement is evenly mixed. Next, the porous concrete dough is then put 

into a 6 × 4 × 2 cm mold. Porous concrete is dried for 1 day until it is completely 

dry and hard.  

2.3. Mechanical characteristics test of porous concrete 

Physical characteristics of concrete were analyzed. To determine the mechanical 

characteristics of the porous concrete, the hardness test was carried out using a 

hardness test using the Screw Stand Test Instrument (Mode I ALX-J, China) 

equipped with a measuring instrument (a Digital Force Gauge (Model HP-500, 

Serial). No. H5001909262)). In the hardness test, the measurement was carried out 

by applying a compressive force to the porous concrete to produce a curve showing 

the texture profile of the porous concrete. Hardness is expressed as the maximum 

force (peak value) in newton (N) units. 

2.4. Water absorption test of porous concrete 

The test was carried out by weighing the paving block sample first to determine the 

dry weight, then soaking it for 2 minutes and weighing it again to find out the wet 

weight. The absorption test can be calculated using Eq. (1) [15]: 

%100
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1
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W
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W                                (1)

 

3. Results and Discussion 

3.1. Physical appearance of porous concrete 

Figure 2 shows the porous concrete that has been created. The size of the porous 

concrete specimen is 6 × 4 × 2 cm. Porous concrete with an added ratio of coconut 

fiber and coconut shell: 0 g coconut fiber and 10 g coconut shell (a), 0.50 g coconut 

fiber and 7.50 g coconut shell (b), 1 g coconut fiber, and 5 g shell coconut (c), 1.50 g 

coconut fiber and 2.50 g coconut shell (d), 2 g coconut fiber and 0 g coconut shell (e). 

 

Fig. 2. The physical appearance of porous concrete with  

various admixtures containing coconut shells and coconut fiber. 
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Concrete with more coconut shell added material has larger and larger pores, as 

well as a coarse and strong structure, while concrete with more coconut fiber added 

material has smaller pore space. This is caused by the size of the coconut fibers which 

are smaller than the coconut shell. The addition of coconut fibers fills the empty space 

in the porous concrete. The distribution of coconut shell, coconut fiber, and gravel 
are uneven due to the coconut fibers clumping together when mixed with cement and 

water. However, when the gravel, coconut fiber, and coconut shell are placed in the 

mold, they are made to be spread out and not just agglomerate on one side. 

3.2. Physical and mechanical characteristics of porous concrete 

Figure 3 shows the hardness test results of the porous concrete. Based on Fig. 3, 

Porous concrete without coconut shell and with 2 g of coconut fiber has the highest 

curve with values of 156.10 N/s, which indicates that the porous concrete has hard 

properties. The lowest curve is owned by the variety of porous concrete with 10 g 

of coconut shell and without coconut fiber with values of 103.1 N/s. This indicates 
the more coconut fiber is added, the harder the properties of the porous concrete. 

Conversely, the less coconut fiber is added, the weaker the properties of porous 

concrete can be obtained. 

 

Fig. 3. The hardness test of porous concrete. 

The fibers have a physical shape that is smaller than coconut shells. This causes 

the strength of porous concrete to increase because the pores produced from porous 

concrete with a fiber mixture have fewer and smaller pores [16]. Coconut fibers 

have a small diameter, allowing coconut fibers to fill the pores between aggregates 

and contribute to resisting the tension between aggregates so that there is no 

destruction of porous concrete [17]. Porous concrete with variations in the 

concentration of 2 g of fiber and without coconut shells still has pores, but not as 

many and as large as the pores of porous concrete with variations in the 

concentration of 10 g of shells and without coconut fibers. The more pores the 
concrete has, the easier it will be to break down [18]. The use of water and cement 

also affects the compressive strength of the porous concrete. The compressive 

strength results of the porous concrete decrease when a large amount of water is 

used while a small amount of cement is used [19]. 
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In addition, as already presented in the introduction, coconut fibers contain the 

most alpha-cellulose, hemicellulose, and lignin [12]. The cellulose and lignin 

contained in coconut fibers play an important role in the strength of porous 

concrete. Cellulose reduces concrete cracking [13] while lignin can be a mixture of 

reducing air in concrete [14]. Thus, porous concrete can be stronger. 

3.2. Physical and mechanical characteristics of porous concrete 

Figure 4 shows the results of the percentage of the water absorption test. Paving 

block samples that have high absorption power are found in the composition 

concentration of 2-g coconut fiber and 0-g coconut shell with values of 0.196%. 

Meanwhile, samples of paving blocks that have low absorption power are found in 

the material composition of 10-g coconut shell and 0-g coconut fiber with values 

of 0.0675%. 

 

Fig. 4. The water absorption test results in porous concrete. 

Based on the research of Bui et al. [20], coconut fibers are hygroscopic, which 

means that coconut fibers can absorb water. The use of coconut fiber as a material for 

making porous concrete is as a water absorber and as a support for coconut shells and 

gravel so that they are not easily broken [21]. The more coconut fiber added, the 

higher the percentage value of the concrete that absorbs water. In addition, the 

shrinkage rate and water absorption test results increase when a large amount of water 

and cement is used [22]. This study is in line with previous studies [23-32]. 

4. Conclusion 

The effect of coconut shell and coconut fiber on the properties of the porous 

concrete mixture has been investigated. Based on the research, the results of the 

mechanical characteristics test of porous concrete and water absorption test showed 

that the porous with the addition of 2 g of coconut fiber and without the addition of 

coconut shell had the best strength and water absorption with values of 156,1 N / s 

and 0.196%. It shows that the addition of coconut fiber is directly proportional to 

the value of the compressive test and water absorption test.  
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Nomenclatures 

WA water absorption, % 

W1 dry sample weight, g 

W2 wet sample weight, g 

References 

1. Ghinaya, Z.; and Masek, A. (2021). Eco-friendly concrete innovation in civil 

engineering. ASEAN Journal of Science and Engineering, 1(3), 191-198. 

2. Boumehraz, M.A.; Mellas, M.; and Kriker, A. (2018). Study on durability of 

the concrete of sanitation network in Ouargla Algeria under the existence of 
sulphates attack. Indonesian Journal of Science and Technology, 3(1), 11-17. 

3. Asmara, Y.P.; Kurniawan, T.; Sutjipto, A.G.E.; and Jafar, J. (2018). 

Application of plants extracts as green corrosion inhibitors for steel in 

concrete-A review. Indonesian Journal of Science and Technology, 3(2), 158-

170. 

4. Awan, M.S.; Ali, A.; Perviz, S.; and Awan, Y.S. (2019). Carbon nano fibre 

reinforcements in concrete. Indonesian Journal of Science and Technology, 

4(1), 1-16. 

5. Tolmatti, S.; Jadhav, S.; Jadhav, S.; and Maske, M. (2021). Concrete mix 

design using particle packing method: Literature review, analysis, and 

computation. International Journal of Informatics, Information System and 

Computer Engineering (INJIISCOM), 2(1), 83-102. 

6. Gunasekaran, K.; Annadurai, R.; and Kumar, P.S. (2015). A study on some 

durability properties of coconut shell aggregate concrete. Materials and 

Structures, 48(5), 1253-1264. 

7. Kumar, G.R.; and Kesavan, V. (2020). Study of structural properties 

evaluation on coconut fiber ash mixed concrete. Materials Today: 
Proceedings, 22, 811-816. 

8. Nawati, N.; Tumingan, T.; and Tistro, R. (2019). Pengaruh tempurung kelapa 

sebagai bahan tambah terhadap agregat kasar dalam campuran beton normal. 

Teknologi Sipil, 3(1), 16-20. 

9. Prahara, E.; Liong, G.T.; and Rachmansyah, R. (2015). Analisa pengaruh 

penggunaan serat serabut kelapa dalam presentase tertentu pada beton mutu 

tinggi. ComTech: Computer, Mathematics and Engineering Applications, 6(2), 

208-214. 

10. Dewi, S.S.; and Xia, L. (2021). Analysis of trade specialization and 

competitiveness of indonesian coconut oil in the international market (2010-

2020). Open Journal of Business and Management, 10(1), 245-262. 

11. Shelke, A.S.; Ninghot, K.R.; Kunjekar, P.P.; and Gaikwad, S.P. (2014). 

Coconut shell as partial replacement for coarse aggregate. International 

Journal of Civil Engineering Research, 5(3), 211-214. 



1762       A. B. D. Nandiyanto et al. 

 
 
Journal of Engineering Science and Technology               June 2022, Vol. 17(3) 

 

12. Paskawati, Y.A.; and Retnoningtyas, E.S. (2017). Pemanfaatan sabut kelapa 

sebagai bahan baku pembuatan kertas komposit alternatif. Widya Teknik, 9(1), 

12-21. 

13. Sargaphuti, M.; Shah, S.P.; and Vinson, K.D. (1993). Shrinkage cracking and 

durability characteristics of cellulose fiber reinforced concrete. Materials 

Journal, 90(4), 309-318. 

14. Takahashi, S.; Hattori, M.; Morimoto, M.; Uraki, Y.; and Yamada, T. (2014). 

Performance of softwood soda-anthraquinone lignin as water-reducing 

chemical admixture in concrete. Journal of Wood Chemistry and Technology, 

34(1), 31-38. 

15. Jonbi, J.; and Fulazzaky, M.A. (2020). Modeling the water absorption and 

compressive strength of geopolymer paving block: An empirical approach. 

Measurement, 158, 107695. 

16. Lian, C.; Zhuge, Y.; and Beecham, S. (2011). The relationship between 

porosity and strength for porous concrete. Construction and Building 

Materials, 25(11), 4294-4298.  

17. Sahrudin, S.; and Nadia, N. (2016). Pengaruh penambahan serat sabut kelapa 

terhadap kuat tekan beton. Konstruksia, 7(2), 1-8. 

18. Lee, J.W.; Jang, Y.I.; Park, W.S.; and Kim, S.W. (2016). A study on 

mechanical properties of porous concrete using cementless binder. 

International Journal of Concrete Structures and Materials, 10(4), 527-537.  

19. Schulze, J. (1999). Influence of water-cement ratio and cement content on the 

properties of polymer-modified mortars. Cement and Concrete Research, 

29(6), 909-915. 

20. Bui, H., Sebaibi, N., Boutouil, M.; and Levacher, D. (2020). Determination 

and review of physical and mechanical properties of raw and treated coconut 

fibers for their recycling in construction materials. Fibers, 8(6), 37. 

21. Carvalho, K.C.C.; Mulinari, D.R.; Voorwald, H.J.C.; and Cioffi, M.O.H. 

(2010). Chemical modification effect on the mechanical properties of 

HIPS/coconut fiber composites. BioResources, 5(2), 1143-1155. 

22. Nandiyanto, A.B.D.; Putra, Z.A.; Andika, R.; Bilad, M.R.; Kurniawan, T.; 

Zulhijah, R.; and Hamidah, I. (2017). Porous activated carbon particles from 

rice straw waste and their adsorption properties. Journal of Engineering 

Science and Technology (JESTEC), 12(8), 1-11. 

23. Nandiyanto, A.B.D. (2018). Cost analysis and economic evaluation for the 

fabrication of activated carbon and silica particles from rice straw waste. 

Journal of Engineering Science and Technology (JESTEC), 13(6), 1523-1539. 

24. Ragadhita, R.; Nandiyanto, A.B.D.; Nugraha, W.C.; and Mudzakir, A. (2019). 

Adsorption isotherm of mesopore-free submicron silica particles from rice 

husk. Journal of Engineering Science and Technology (JESTEC), 14(4), 2052-
2062. 

25. Nandiyanto, A.B.D.; Al Husaeni, D.F.; Ragadhita, R.; and Kurniawan, T. 

(2021). Resin-based brake pad from rice husk particles: From literature review 

of brake pad from agricultural waste to the techno-economic analysis. 

Automotive Experiences, 4(3), 131-149. 

26. Anggraeni, S.; Girsang, G.C.S.; Nandiyanto, A.B.D.; and Bilad, M.R. (2021). 

Effects of particle size and composition of sawdust/carbon from rice husk on 



The Effect of The Addition of Coconut Fibers and Coconut . . . . 1763 

 
 
Journal of Engineering Science and Technology               June 2022, Vol. 17(3) 

 

the briquette performance. Journal of Engineering Science and Technology 

(JESTEC), 16(3), 2298-2311. 

27. Anggraeni, S.; Hofifah, S.N.; Nandiyanto, A.B.D.; and Bilad, M.R. (2021). 

Effects of particle size and composition of cassava peels and rice husk on the 

briquette performance. Journal of Engineering Science and Technology 

(JESTEC), 16(1), 527-542. 

28. Ragadhita, R.; and Nandiyanto, A.B.D. (2021). How to calculate adsorption 

isotherms of particles using two-parameter monolayer adsorption models and 

equations. Indonesian Journal of Science and Technology, 6(1), 205-234. 

29. Putri, S.R.; Hofifah, S.N.; Girsang, G.C.S.; and Nandiyanto, A.B.D. (2022). 

How to identify misconception using certainty of response index (CRI): a study 
case of mathematical chemistry subject by experimental demonstration of 

adsorption. Indonesian Journal of Multidiciplinary Research, 2(1), 143-158. 

30. Anshar, A.M.; Taba, P.; and Raya, I. (2016). Kinetic and thermodynamics 

studies the adsorption of phenol on activated carbon from rice husk activated 

by ZnCl2. Indonesian Journal of Science and Technology, 1(1), 47-60. 

31. Khuluk, R.H.; and Rahmat, A. (2019). Removal of methylene blue by 

adsorption onto activated carbon from coconut shell (Cocous nucifera L.). 

Indonesian Journal of Science and Technology, 4(2), 229-240. 

32. Dewi, R.; Shamsuddin, N.; Bakar, M.S.A.; Santos, J.H.; Bilad, M.R.; and Lim, 

L.H. (2021). Progress in emerging contaminants removal by 

adsorption/membrane filtration-based technologies: A review. Indonesian 

Journal of Science and Technology, 6(3), 577-618. 


