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 Abstract  

Green mussel (Perna viridis) is a marine organism that is widely 

cultivated and considered a leading commodity in the fisheries sector. 

The increase in mussel production has resulted in a significant amount 

of shell waste. Improperly managed mussel shell waste can have a 

negative impact on the environment. However, green mussel shell waste 

has great potential for reuse, one of which is as a composite material in 

fiberglass manufacturing. The high calcium content in mussel shells can 

serve as an additional reinforcement in fiberglass composites. The wood 

crisis as a raw material for boat construction, which also contributes to 

environmental deforestation, has led to the consideration of alternative 

materials such as fiberglass for boat building. This research is an 

experimental study on the utilization of green mussel shell (GMS) waste 

as a fiberglass mixture material for boat construction. An ideal 

composition between the GMS waste powder and fiberglass material is 

expected to enhance the mechanical strength of fiberglass fishing boats. 

The study shows that the addition of 20% GMS powder in fiberglass 

lamination improves mechanical properties, with a maximum tensile 

stress value of 113.23 MPa. Meanwhile, the maximum flexural strength 

is observed at 15% GMS powder composition, reaching 192.38 MPa. 

The addition of GMS powder has the potential to strengthen fiberglass, 

making it suitable for applications such as fishing boat hulls. However, 

adding more than 30% GMS powder decreases the material’s strength, 

particularly in tensile testing. Further research is needed to explore the 
use of GMS powder for waste reduction and to provide insights into its 

applications in fiberglass boat manufacturing. 

Introduction 

Green mussels (Perna viridis) are marine organisms that are widely cultivated in Indonesia 

(Rudy, Firmani, & Farikhah, 2023). Due to the continuously increasing market demand, green 

mussel production in Indonesia has experienced rapid growth. According to the 2022 report by 

the Ministry of Marine Affairs and Fisheries (KKP), Indonesia’s green mussel production 

reached more than 300,000 tons per year, making it one of the leading commodities 

contributing to the coastal community's economy in the fisheries sector. However, this increase 

in production also results in a significant amount of shell waste. 

Green mussel shell waste (GMSW) is often not properly managed, which can lead to 

environmental pollution and negatively affect marine ecosystems. The accumulation of shell 

waste contributes to the buildup of organic matter and an increase in nutrient levels in the water. 

This condition can trigger excessive algal growth or eutrophication. Eutrophication may lead 

to a decline in water quality and threaten the survival of other marine organisms (Rasidi et al., 

2022; Akinnawo, 2023; Rodgers, 2021; Tiwari & Pal, 2022). 
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To address the problem of green mussel shell waste, there is significant potential to utilize it as 

a valuable alternative material. The use of green mussel shells has already been widely 

explored, such as in the production of handicrafts, flour for human food (Fitriah et al., 2018), 

animal feed nutrients (Istikharoh, 2023), materials for the medical industry and treatments for 

dental sensitivity (Halipah, 2016), additional growing media for earthworms (Darmawan, 

2023), building construction materials such as concrete (Setiawan et al., 2022), and even 

composite materials (Ayu Ariska et al., 2023). Based on its chemical composition, green 

mussel shells contain a high level of calcium, including CaCO₃ (calcium carbonate), CaPO₄ 

(calcium phosphate), Ca(HCO₃)₂ (calcium bicarbonate), Ca₃S, and active calcium. This makes 

green mussel shell waste a potential raw material mixture, including for the production of 

fiberglass composites (Abdullah et al., 2021; Mufidun, 2016). Green mussel shells can be used 

as reinforcement in fiberglass composites, enhancing the material’s strength and durability. 

Rich in calcium carbonate, the shells act as a reinforcing agent in fiberglass composites (Ayu 

Ariska et al., 2023; Rajan et al., 2022; Mohanty et al., 2024; Sundeep et al., 2023). The addition 

of green mussel shell powder can improve the tensile and flexural strength of fiberglass 

materials (Abdullah, 2023; Hosseini & Raji, 2023; Azhar et al., 2024). 

One of the applications of fiberglass material is in the construction of fishing boats (Arif et al., 

2022; Khairi et al., 2023; Rizwan et al., 2024). Fiberglass boats offer several advantages over 

wooden boats, particularly in terms of resistance to decay caused by fungi, heat, weathering, 

and chemical exposure. Wooden boats are more susceptible to such damage compared to 

fiberglass boats (Jamal et al., 2021; Rahman, 2019; Du Plessis, 2013). This study aims to utilize 

green mussel shell waste (GMSW) as a composite material in the production of fiberglass 

fishing boats, providing a solution for waste management while also exploring the potential of 

GMSW as a reinforcing material. The research focuses on enhancing the mechanical strength 

of fishing boats, particularly based on tensile and flexural strength test results. 

Methods 

This research employs an experimental design by adding green mussel shell (GMS) powder, 

sized at 50 mesh, to fiberglass material for the construction of a 5 GT fishing boat hull. The 

aim of this study is to compare the mechanical properties (tensile and flexural tests) of 

fiberglass material mixed with GMS powder in accordance with the research framework (see 

Figure 1). The study was conducted in Jakarta, with GMS powder samples collected from 

Cilincing District, North Jakarta City, and mechanical testing carried out at the National 

Research and Innovation Agency (BRIN) Laboratory in Serpong. The testing laboratory is 

accredited under SNI ISO/IEC 17025. The research was conducted from August to December 

2024.  

The comparative measurement results in this study are compared with the standard testing 

results applicable to hull material, such as ASTM D638 for tensile testing and ASTM D790 for 

flexural testing. Statistical analysis will be conducted to evaluate the data obtained from the 

comparative measurements. The analytical methods used will include Analysis of Variance 

(ANOVA) and correlation tests to determine if there are significant differences and correlations 

in mechanical values (tensile and flexural tests) across variations of independent and control 

variables. 

 



144 

ISSN 2721-1304 (Print), ISSN 2721-1207 (online) 

Copyright © 2025, Journal La Lifesci, Under the license CC BY-SA 4.0 

 
Figure 1. Conceptual Framework of Experimental Research 

 

Figure 2. Flowchart of Sample Preparation and Testing 

The fabrication of fiberglass specimens with the addition of GMS is carried out using the hand 

lay-up method in accordance with (SNI 8961:2021). The sample preparation begins with the 

preparation of tools and materials; lamination preparation; lamination process; and preparation 

of each tensile and flexural test specimen. In the preparation of tools and materials, the 

composition of the specimen includes Fiberglass Reinforced Plastic (FRP), unsaturated 

polyester resin (UP), Matt with a weight of 300 grams/m2 and 450 grams/m2, and Woven 

Roving with a weight of 600 grams/m2. The GMSW powder is milled to a size of <50 mesh. 

During the lamination process, attention must be paid to the composition of GMS powder to 

be tested with Gel Time and a catalyst usage ratio of 0.01 to achieve a gel time of 9 minutes to 

12 minutes. In this specimen, the Resin Gel Time is 11’50’’. In specimen preparation, the size 

for each sample is adjusted: 165 mm in length and 19 mm in width for tensile testing, and 90 

mm in length and 13 mm in width for flexural testing. 
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composition: 0% (as control); 10% GMS 
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GMS powder; and 50% GMS powder. 
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Results and Discussion 

The results of the tensile test on several specimen compositions. Each specimen was tested 

three times, with the results shown in Figures 3 and 4. 

 

Figure 3. Tension Strength Results from Tensile Testing 

 

Figure 4. Strain Results from Tensile Testing 

The results of the tensile strength test range from 28.61 to 119.30 MPa. In Figure 3, the highest 

average tensile strength value of 113.23 MPa is observed at the 20% GMS powder composition. 

At the 20% GMS powder composition, the tensile strength is higher than that of the control 

specimen (0% GMS powder), with the addition of GMS powder causing a tensile strength 

increase of about 12%. Meanwhile, for other GMS powder compositions, the tensile strength 

results are lower compared to the control specimen. The tensile strength values are directly 

proportional to the tensile strain (%) shown in Figure 4. 

In the flexural test, each specimen was tested three times. The results of the flexural test are 

shown in Figures 5 and 6. 



146 

ISSN 2721-1304 (Print), ISSN 2721-1207 (online) 

Copyright © 2025, Journal La Lifesci, Under the license CC BY-SA 4.0 

 

Figure 5. Tension Strength Results from Flexural Testing 

 

Figure 6. Strain Results from Flexural Testing 

The flexural test results range from 106.35 to 207.92 MPa. In Figure 5, the highest flexural 

stress is observed in the specimen with a 15% GMS powder composition. At the 15% GMS 

powder composition, the flexural stress is higher than that of the control specimen (0% GMS 

powder), with the addition of GMS powder resulting in a 55% increase in flexural stress.  Most 

specimens with GMS powder addition show higher flexural stress values compared to the 

control specimen, except for the specimen with 40% GMS powder, which has a lower value 

than the control specimen. The flexural strain results do not exhibit a uniform pattern with the 

flexural stress results, with the highest strain observed in the control specimen. Statistical 

testing was conducted in this study, including a difference test on various GMS powder 

composition variations and their effect on the material's mechanical strength, as shown in the 

table below. 

Table 1. ANOVA Test Results 

Mechanical Properties p-value Description 

Tensile Strength 0,005* Significant, there is a difference between groups 

Flexural Strength 0,000* Significant, there is a difference between groups 

Tensile Strain 0,353 Not significant, no difference between groups 
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Flexural Strain 0,000* Significant, there is a difference between groups 

*significance level <0,05 

Table 1 shows that the tensile strength has a p-value of 0.005, indicating that there is a 

significant difference in the tensile strength across the GMS powder compositions. Therefore, 

it can be concluded that the variation in material composition affects the material's ability to 

withstand tensile forces before failure. For the flexural stress property, a p-value of 0.000 was 

obtained, suggesting that the variation in GMS powder compositions used in this study 

significantly affects the material's resistance to bending loads. Flexural stress is an important 

parameter in structures that are continuously subjected to bending loads. 

In contrast to the previous results, the tensile strain shows a p-value of 0.353, indicating that 

there is no significant difference across the various GMS powder compositions. The GMS 

composition does not have a significant effect on the material's elasticity when subjected to 

tensile forces. In the flexural strain test, the p-value obtained is 0.000, meaning that different 

material compositions result in different deformation capabilities when the material is 

subjected to bending loads. This property is an important indicator for assessing the material's 

flexibility in applications that require high deformation before fracture. 

Table 2. Correlation Test Results Between Tensile Strength and Tensile Strain 

r Coefficient p-value Description 

0,936 0,000* Significantly correlated, with a strong positive relationship. 

*significance level <0,05 

The test results in Table 2 show that the correlation coefficient (r) is 0.936 with a p-value of 

0.000 (significant result). This correlation value is close to 1, indicating a very strong and 

positive relationship between tensile stress and tensile strain. A positive value means that as 

the tensile stress increases, the tensile strain also tends to increase proportionally. This 

illustrates that the elasticity and strength properties of the material in the tensile test are closely 

related, so that an increase in tensile force will be followed by an increase in deformation until 

the fracture point. 

Table 3. Correlation Test Results Between Flexural Strength and Flexural Strain 

r Coefficient p-value Description 

0,388 0,061 Not significantly correlated, weak positive relationship 

In Table 3, the correlation coefficient (r) value of 0.388 with a p-value of 0.061 indicates that 

the relationship between flexural stress and flexural strain is weak and statistically 

insignificant. Although the correlation is positive, meaning that as the flexural stress increases, 

the flexural strain tends to increase as well, the strength of this relationship is low and cannot 

serve as a reliable basis for a convincing connection. This condition suggests that other 

variables, such as the material's microstructure, porosity, or fiber distribution in the composite, 

may be more dominant in affecting the flexural strain. Additionally, the variation in results 

across samples may also weaken the strength of the correlation. 

Several other studies related to material testing have shown that the highest tensile stress occurs 

at a 20% GMS powder composition, with a value of 113.23 MPa, indicating an increase from 

the control value (0%), which was 100.57 MPa. At the 20% GMS powder concentration, it 

functions optimally as a reinforcement, helping to distribute the tensile load evenly within the 

matrix. However, after exceeding this 20% composition, a sharp decrease is observed. At the 

30% composition, the value of σ decreases to 52.22 MPa, and continues to decline to 41.79 
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MPa at the 50% composition. This decrease is likely caused by the aggregation of GMS powder 

particles, which disrupt the bonding between matrix components, forming voids and resulting 

in inefficient load distribution (Prayoga, 2020; Zhang, 2021). 

For the flexural strength, the sample without green shell powder (control) has a flexural 

strength of 137.69 MPa. The flexural strength increases from the control sample at 

compositions of 10% to 30%, then decreases at the 40% composition and rises again at the 

50% composition. The highest flexural strength occurs at the 15% composition. Overall, this 

study shows that GMS powder compositions of 15% to 25% provide the best improvement in 

the mechanical properties of the composite material. The flexural test is one of the mechanical 

testing methods used to determine the flexural properties of a material, particularly the flexural 

strength. This test is crucial in assessing how well a material can withstand forces that cause 

bending before failure (cracking or breaking) occurs. This testing is highly relevant in 

composite material studies, such as mixtures of epoxy resin and green shell powder, as it can 

demonstrate the effectiveness of filler reinforcement on the material's mechanical properties 

(Radhakrishnan et al., 2025; Sienkiewicz et al., 2022; Sivakumar et al., 2022; Kasinathan & 

Rajamani, 2022; Hiremath et al., 2024). 

Previous research focused on the development of composite materials with the addition of 

natural nettle plant fibers at compositions of 10%, 15%, and 20%, and found that the highest 

flexural strength was achieved in the composite sample without the addition of natural fiber, 

with a flexural stress value of 80.823 Mpa (Suryawan et al., 2019). In a study conducted by 

Iswidodo et al. (2022), the use of coconut fronds in resin-based material mixtures as an 

environmentally friendly fiber for composites showed that a higher percentage of coconut 

fronds did not necessarily result in higher tensile strength. The 30% coconut frond and resin 

composition exhibited the highest tensile strength compared to other coconut frond 

compositions of 10% and 50%. Meanwhile, in flexural tests, the 50% coconut frond 

composition showed the highest strength compared to other compositions. Flexural strain 

illustrates how much a material can undergo elastic deformation before fracture due to bending 

loads. The decrease in flexural strain in composites with high powder content indicates that the 

material becomes stiffer and more brittle due to the non-homogeneous distribution of powder 

or particle aggregation, which causes weak points in the composite structure (Wang & Monetta, 

2023). 

The results of this study align with previous research, which states that the addition of shell 

powder can improve compressive and flexural strength, but it may reduce tensile strength due 

to uneven filler distribution (Zulfikar et al., 2023). Other studies also indicate that the optimal 

composition is at 10% shell powder, while adding more than that tends to reduce the 

mechanical properties (Saputra et al., 2024). Adding shell powder as a filler up to the optimal 

point significantly increases the mechanical strength of cement particle boards, but excessive 

filler leads to a decrease due to the formation of voids in the matrix (Zulfikar et al., 2023).  

Research by Nayan & Hafli (2022) shows that increasing the volume fraction up to 40% results 

in high tensile strength; however, the microstructure reveals potential aggregation that reduces 

the material's homogeneity . Overall, the results of this study are consistent with various studies 

that indicate that the use of shell waste as a filler in composite materials contributes positively 

to the enhancement of mechanical strength up to a certain limit. Once the optimal limit is 

surpassed, there is a degradation in properties due to uneven particle distribution and ineffective 

interaction with the matrix. 

For small boats (e.g., 5 GT), the material strength requirements are generally more flexible 

compared to large ships, but they must still be safe for maritime operations. Based on references 
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from the Indonesian Classification Bureau (BKI) standards, technical literature, and general 

ISO guidelines for Fiberglass Reinforced Plastic (FRP) (e.g., ISO 12215-5), the commonly 

used minimum strength standards for small boats (especially hulls and main structures) are as 

follows: minimum tensile strength ≥ 50–55 MPa; minimum flexural strength ≥ 100 MPa; and 

minimum elasticity modulus (flexural or tensile modulus) ≥ 2000–3000 MPa. In this study, the 

tensile test results show that the 20% powder composition provides the highest tensile stress of 

113.23 MPa, higher than the fiberglass without any mixture (100.57 MPa). Therefore, the 20% 

shell powder composite mixture can be recommended as a material for making small boats (<5 

GT). Meanwhile, the highest flexural strength value of 192.38 MPa was obtained from the 15% 

shell powder composition, which is recommended as a mixture material for boat construction 

(<5 GT) based on BKI's minimum flexural strength standard. 

The study by Ratik et al. in 2020 compared the tensile strength between pure fiberglass 

composites and those mixed with hemp fibers. The results showed that fiberglass composites 

had a tensile strength of 138.65 MPa, while the composites with hemp fibers only reached 

25.17 MPa, indicating a significant decrease in tensile strength. Therefore, mixing fiberglass 

composites with hemp fibers is not recommended as a standard material for making small 

boats, as their tensile strength is below the BKI standard (Harefa, 2023; Galbi et al., 2021; 

Manik et al., 2021; Hafiz & Sulisetyono, 2022). 

A study by Ahmad Nayan et al. in 2022 used shell powder as a reinforcement in epoxy 

composites. The test results showed that at a volume fraction of 40% and a particle size of 160 

mesh, the average tensile strength reached 103 MPa. Observations using SEM revealed good 

fracture morphology in the composites with a filler size of 200 mesh and a filler composition 

of 40%. Shell powder in this study can be recommended as a material for making small boats 

(Nayan & Hafli, 2022). 

A study by Rahmat Aziz evaluated the use of chicken feathers as a substitute for mat fibers in 

fiberglass composites. The tensile test results showed that composites with chicken feathers 

had the highest tensile strength of 3.51 kN. However, the conclusion of the study is that chicken 

feathers are not suitable as a replacement for mat fibers in fiberglass production. This material 

is also not recommended for making small boats (Zuhuri et al., 2023). The study by Mahardi 

and Andi Ard in 2020 examined hybrid composites consisting of unsaturated polyester, kenaf 

fibers, and CaCO₃ powder. The composite with 5% CaCO₃ by weight showed the highest 

flexural strength of 74.87 MPa (Waluyo & Maidhah, 2020). Shell powder can be recommended 

as a composite material for making small boats.  

Conclusion 

In this study, the tensile test results showed that the 20% shell powder composition provided 

the highest tensile strength of 113.23 MPa, which is higher than fiberglass without any mixture 

(100.57 MPa). Therefore, the 20% shell powder composite mixture can be recommended as a 

material for making small boats (<5 GT). Meanwhile, the highest flexural strength of 192.38 

MPa was achieved with a 15% shell powder composition, which is recommended as a mixed 

material for making boats <5 GT based on the BKI flexural strength standard. In this study, the 

increased strength of samples reinforced with various compositions of green shell powder 

compared to the control sample occurred due to the strong bond between the fibers and the 

matrix. Thus, when the shell powder composition percentage is increased in the resin mixture, 

the fibers' ability to distribute the load decreases. In this study, the flexural strength with 

variations in the shell powder composition was able to exceed the flexural strength of the 

control sample, as the control sample was less effective in distributing the load evenly. 
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In general, the statistical results indicate that variations in material composition have a 

significant effect on most mechanical properties, particularly on strength and flexibility under 

bending loads. This suggests that selecting the right composition can improve the mechanical 

performance of the material according to the structural application needs. Further research 

could be conducted, particularly on the environmental aspect of using GMS powder in the 

fiberglass boat manufacturing mixture, as it can reduce the impact of green shell waste. 

Additionally, it would provide valuable information to the public and shipyards about the need 

for fiberglass materials mixed with green shell powder. The gratitude is extended to the Center 

for Marine and Fisheries Education (Pusdik KP) of the Ministry of Marine Affairs and Fisheries 

for providing the 2023-2025 Master's Degree Scholarship Program and to all the members of 

the Polytechnic of AUP Jakarta. 

References 

Abdullah, A., Hidayat, T., & Seulalae, A. V. (2021). Moluska: Karakteristik, Potensi dan 

Pemanfaatan Sebagai Bahan Baku Industri Pangan dan Non Pangan. Syiah Kuala 

University Press. 

Abdullah, K. (2023). Identifikasi Frekuensi Natural Sandwich Plate dengan Core Berbahan 

Limbah Cangkang Indoneisa. Jurnal Kemaritiman: Indonesian Journal of Maritime, 

1(2), 45–52. https://doi.org/10.17509/ijom.v2i1.33930 

Akinnawo, S. O. (2023). Eutrophication: Causes, consequences, physical, chemical and 

biological techniques for mitigation strategies. Environmental Challenges, 12, 100733. 

https://doi.org/10.1016/j.envc.2023.100733  

Arif, M. S., Supomo, H., Hasanuddin, S. R. W. P., Putra, W. H. P. A., Purwanto, D. B., Wahidi, 

S. I., ... & Ariesta, C. (2022). Technical and Economic Analysis Repair of the Wooden 

Boat using Fiberglass Laminates on Fishing Boats in Lamongan District. Revolution, 4, 

128-135. 

Ayu Ariska, L. P., Sahlan, M. A., & Hikmah, U. (2023). Analisis Sifat Mekanis Komposit 

Matriks Polyester dengan Penguat Cangkang Kerang Hijau. Jurnal Fisika, 13(1), 20–

28. https://doi.org/10.15294/jf.v13i1.38835  

Azhar, M. N. S., Velayutham, S., Sugiman, S., Chin, D. D., Lee, S. Y., Goh, R. H., & Ahmad, 

M. H. (2024). Static Shear Strength of Double-Strap and Single-Lap Joints 

incorporating Toughened Mussel Epoxy. International Journal of Sustainable 

Construction Engineering and Technology, 15(3), 178-191. 

http://dx.doi.org/10.30880/ijscet.2024.15.03.016  

Darmawan, C. D. (2023). Produktivitas Cacing Tanah (Pheretima sp.) dengan Penambahan 

Tepung Cangkang Kerang Hijau sebagai Media Pemeliharaan. 

Du Plessis, H. (2013). Fibreglass Boats: Construction, Gel Coat, Stressing, Blistering, Repair, 

Maintenance. Bloomsbury Publishing. 

Fitriah, E., Maryuningsih, Y., & Roviati, E. (2018). Pemanfaatan daging dan cangkang kerang 

hijau (Perna viridis) sebagai bahan olahan pangan tinggi kalsium. The 7th University 

Research Colloqium, 412-423. 

Galbi, M., Tua, L. M., & Hakim, A. R. (2021). Feasibility of Mechanical Properties of Lamina 

Hybrid Composite Ramie Fiber-Coconut Fiber-Fiberglass as an Alternative Hull 

Substitution of Material Structure Under 25M-V Type. In E3S Web of 

https://doi.org/10.17509/ijom.v2i1.33930
https://doi.org/10.1016/j.envc.2023.100733
https://doi.org/10.15294/jf.v13i1.38835
http://dx.doi.org/10.30880/ijscet.2024.15.03.016


151 

ISSN 2721-1304 (Print), ISSN 2721-1207 (online) 

Copyright © 2025, Journal La Lifesci, Under the license CC BY-SA 4.0 

Conferences (Vol. 328, p. 05006). EDP Sciences. 

http://dx.doi.org/10.1051/e3sconf/202132805006   

Hafiz, M. A., & Sulisetyono, A. (2022, September). Structural Reliability Analysis for the 

Construction Design of the High-Speed Ship with CFRP Material. In IOP Conference 

Series: Earth and Environmental Science (Vol. 1081, No. 1, p. 012041). IOP 

Publishing. http://dx.doi.org/10.1088/1755-1315/1081/1/012041  

Halipah, S. (2016). Pembuatan Nanokalsium dengan Metode Presipitasi dari Limbah Cangkang 

Kerang Hijau (Perna sp.) dan Aplikasinya sebagai Sediaan Antihipersensitivitas 

Dentin. 

Harefa, D. K. (2023). Study of The Potential of Palm Oil Empty Core Fiber As Composite 

Materials for Ship Hull. Indonesian Journal of Maritime Technology, 1(1). 

http://dx.doi.org/10.35718/ismatech.v1i1.883  

Hiremath, A., Nayak, S. Y., Heckadka, S. S., & Pramod, J. J. (2024). Mechanical behavior of 

basalt-reinforced epoxy composites modified with biomass-derived seashell 

powder. Biomass Conversion and Biorefinery, 14(20), 26281-26291. 

http://dx.doi.org/10.1007/s13399-023-04571-5   

Hosseini, A., & Raji, A. (2023). Enhancement of high-performance structures with sustainable 

seashell filler-based GFRP composites in static loading. Materials Research 

Express, 10(6), 065301. http://dx.doi.org/10.1088/2053-1591/acd910  

Istikharoh, I. (2023). Analisis Potensi Ekonomi dan Strategi Pengelolaan Limbah Cangkang 

Kerang Hijau (Perna Viridis) Berkelanjutan. Jurnal Bekasi Development Innovation 

Journal, 1(1), 42–52. 

Iswidodo, W., Lungiding, A., & Prasetyo, T. (2022). Pemanfaatan Serat Pelepah Kelapa Dalam 

Pembuatan Komposit Sebagai Bahan Lambung Kapal. Technology of Renewable 

Energy and Development, 50–58.  

Kasinathan, R. K., & Rajamani, J. (2022). Investigation on mechanical properties of 

basalt/epoxy fiber reinforced polymer composite with the influence of turtle shell 

powder. Polymer Composites, 43(9), 6150-6164. http://dx.doi.org/10.1002/pc.26920  

Khairi, A., Ismail, S. B., & Abdul Hamid, S. E. (2023). Between Batik and Fiberglass: The 

Hybrid-Technology of Boat Construction. In Materials and Technologies for Future 

Advancement (pp. 47-53). Cham: Springer Nature Switzerland. 

http://dx.doi.org/10.1007/978-3-031-38993-1_6  

Manik, P., Suprihanto, A., Sulardjaka, N. S., & Nugroho, S. (2021). Analysis of salinity from 

seawater on physical and mechanical properties of laminated bamboo fiber composites 

with an epoxy resin matrix for ship skin materials. Int Rev Mech Eng, 15(7), 365-77. 

http://dx.doi.org/10.15866/ireme.v15i7.20824  

Mohanty, S., Dutta, N. R., Jena, H., Pradhan, P., Purohit, A., & Pati, P. R. (2024). Enhancing 

mechanical properties of basalt fibre composites with clamshell waste from sea 

bed. The Journal of Solid Waste Technology and Management, 50(3), 532-542. 

https://doi.org/10.5276/jswtm/iswmaw/503/2024.532  

Mufidun, A. (2016). Pengaruh variasi komposisi dan ukuran filler serbuk cangkang kerang 

simping (Placuna placenta) pada matriks poliester terhadap sifat fisis dan mekanis 

papan komposit (Doctoral dissertation, Universitas Islam Negeri Maulana Malik 

Ibrahim). 

http://dx.doi.org/10.1051/e3sconf/202132805006
http://dx.doi.org/10.1088/1755-1315/1081/1/012041
http://dx.doi.org/10.35718/ismatech.v1i1.883
http://dx.doi.org/10.1007/s13399-023-04571-5
http://dx.doi.org/10.1088/2053-1591/acd910
http://dx.doi.org/10.1002/pc.26920
http://dx.doi.org/10.1007/978-3-031-38993-1_6
http://dx.doi.org/10.15866/ireme.v15i7.20824
https://doi.org/10.5276/jswtm/iswmaw/503/2024.532


152 

ISSN 2721-1304 (Print), ISSN 2721-1207 (online) 

Copyright © 2025, Journal La Lifesci, Under the license CC BY-SA 4.0 

Nayan, A., & Hafli, T. (2022). Analisa Stuktur Mikro Material Komposit Polimer Berpenguat 

Serbuk Cangkang Kerang. Malikussaleh Journal of Mechanical Science and 

Technology, 6(1), 15. https://doi.org/10.29103/mjmst.v6i1.8184  

Prayoga, I. (2020). Tinjauan Pengaruh Jenis Nanopartikel Terhadap Morfologi Dan Sifat 

Mekanik Pada Komposit Unsaturated Polyester/Nanopartikel. 

Radhakrishnan, S., Krishna, J. S., Dwivedi, S. P., Gupta, S., Gupta, P., & Chaudhary, V. (2025). 

Experimental investigation of mechanical and physical properties of coconut shell and 

eggshell filler-based bio-fiber reinforced epoxy hybrid composites. Biomass 

Conversion and Biorefinery, 15(2), 3201-3213. http://dx.doi.org/10.1007/s13399-023-

05037-4  

Rahman, M. A. (2019, November). Repair technique for wooden fishing boats using fibreglass. 

In IOP Conference Series: Earth and Environmental Science (Vol. 370, No. 1, p. 

012081). IOP Publishing. http://dx.doi.org/10.1088/1755-1315/370/1/012081  

Rajan, S., Marimuthu, K., Ayyanar, C. B., Khan, A., Siengchin, S., & Rangappa, S. M. (2022). 

In-vitro cytotoxicity of zinc oxide, graphene oxide, and calcium carbonate nano 

particulates reinforced high-density polyethylene composite. Journal of Materials 

Research and Technology, 18, 921-930. http://dx.doi.org/10.1016/j.jmrt.2022.03.012  

Rasidi, M., Wafi, A., Nur Aisyah Jamil, S., Sandra, L., & Jasila, I. (2022). Social Enterpreneur: 

Pengolahan Limbah Cangkang Kerang Hijau Menjadi Pasir Cangkang Kerang. 1(3), 

1–12. https://doi.org/10.55047/prima.v1i3.183 

Rizwan, T., Nourra Mahya, D., Rizqi, R., Setiawan, I., El Rahimi, S. A., Thaib, R., & Arif, M. 

(2024). Economic Comparison of Wood and Fiberglass Fishing Vessels Produced in 

Traditional Yards. Transactions on Maritime Science, 13(1). 

http://dx.doi.org/10.7225/toms.v13.n01.w06  

Rodgers, E. M. (2021). Adding climate change to the mix: Responses of aquatic ectotherms to 

the combined effects of eutrophication and warming. Biology Letters, 17(10), 

20210442. https://doi.org/10.1098/rsbl.2021.0442  

Rudy, M., Firmani, U., & Farikhah, F. (2023). Identifikasi Ektoparasit Dan Kompetitor Kerang 

Hijau (Perna Viridis) Yang Dibudidayakan Dalam Bagan Tancap Di Laut Jawa 

Kecamatan Sidayu Kabupaten Gresik. Jurnal Perikanan Pantura (JPP), 6(2), 352. 

https://doi.org/10.30587/jpp.v6i2.6337   

Saputra, I. N. A., Sudia, B., & Aksar, P. (2024). Analisa Pengaruh Penambahan Cangkang 

Kerang Terhadap Sifat Mekanik Material Komposit Berpenguat Serat Pinang. 

Enthalpy : Jurnal Ilmiah Mahasiswa Teknik Mesin, 9(2), 32. 

https://doi.org/10.55679/enthalpy.v9i2.47051  

Setiawan, Y. W., Septyawan, B. A., Husodo, I. T., & Budirahardjo, S. (2022). Analisis 

Pengaruh Serbuk Cangkang Kerang Hijau Sebagai Fine Agregat Terhadapkuat Tekan 

Dan Kuat Lentur Campuran Beto. Jurnal Teknik Sipil Giratory Upgris, 1(2), 98–106. 

https://doi.org/10.26877/goratory.v1i2.9449   

Sienkiewicz, N., Dominic, M., & Parameswaranpillai, J. (2022). Natural fillers as potential 

modifying agents for epoxy composition: A review. Polymers, 14(2), 265. 

https://doi.org/10.3390/polym14020265   

https://doi.org/10.29103/mjmst.v6i1.8184
http://dx.doi.org/10.1007/s13399-023-05037-4
http://dx.doi.org/10.1007/s13399-023-05037-4
http://dx.doi.org/10.1088/1755-1315/370/1/012081
http://dx.doi.org/10.1016/j.jmrt.2022.03.012
https://doi.org/10.55047/prima.v1i3.183
http://dx.doi.org/10.7225/toms.v13.n01.w06
https://doi.org/10.1098/rsbl.2021.0442
https://doi.org/10.30587/jpp.v6i2.6337
https://doi.org/10.55679/enthalpy.v9i2.47051
https://doi.org/10.26877/goratory.v1i2.9449
https://doi.org/10.3390/polym14020265


153 

ISSN 2721-1304 (Print), ISSN 2721-1207 (online) 

Copyright © 2025, Journal La Lifesci, Under the license CC BY-SA 4.0 

Sivakumar, A. A., Sankarapandian, S., Avudaiappan, S., & Flores, E. I. S. (2022). Mechanical 

behaviour and impact of various fibres embedded with eggshell powder epoxy resin 

biocomposite. Materials, 15(24), 9044. https://doi.org/10.3390/ma15249044  

Sundeep, M., Limbadri, K., Manikandan, N., Savio, A. P., & Joseph, J. (2023). Study of 

mechanical properties of pineapple leaf fiber and E-glass fiber reinforced hybrid epoxy 

matrix composite materials. Materials Today: Proceedings. 

http://dx.doi.org/10.1016/j.matpr.2023.06.319  

Suryawan, I. G. P. A., Suardana, N., Suarsana, I. K., Lokantara, I. P., & Lagawa, I. K. J. (2019). 

Kekuatan Tarik dan Lentur pada Material Komposit Berpenguat Serat Jelatang. Jurnal 

Energi Dan Manufaktur, 12(1), 7. https://doi.org/10.24843/jem.2019.v12.i01.p02  

Tiwari, A. K., & Pal, D. B. (2022). Nutrients contamination and eutrophication in the river 

ecosystem. In Ecological significance of river ecosystems (pp. 203-216). Elsevier. 

http://dx.doi.org/10.1016/B978-0-323-85045-2.00001-7  

Waluyo, M. B., & Maidhah, A. A. (2020). Pemanfaatan Limbah Cangkang Kerang Sebagai 

Pengisi Pada Komposit Hybrid Dengan Metode Hand Lay-Up. Mustek Anim Ha, 9(03), 

126-129. http://dx.doi.org/10.35724/mustek.v9i03.3569  

Wang, Y., & Monetta, T. (2023). Systematic study of preparation technology, microstructure 

characteristics and mechanical behaviors for SiC particle-reinforced metal matrix 

composites. Journal of Materials Research and Technology, 25, 7470-7497. 

https://doi.org/10.1016/j.jmrt.2023.07.145  

Zhang, D. (2021). Ultrafine grained metals and metal matrix nanocomposites fabricated by 

powder processing and thermomechanical powder consolidation. Progress in Materials 

Science, 119, 100796. https://doi.org/10.1016/j.pmatsci.2021.100796  

Zuhuri, R. A. D. S., Ihza, Z. K., Ainindia, N. B., Hendriatiningsih, S. L., & Radianto, D. O. 

(2023). Analisis Kekuatan Tarik Pada Material Komposit Fiberglass Dengan Limbah 

Bulu Ayam Sebagai Serat Pengganti Matt Dan Fiberglass. Jurnal Sains dan 

Teknologi, 2(1), 192-198. https://doi.org/10.58169/saintek.v2i1.156  

Zulfikar, A. J., Ritonga, D. A. A., Pranoto, S., Nasution, F. A. K., Arif, Z., & Junaidi, J. (2023). 

Analisis Kekuatan Mekanik Komposit Polimer Diperkuat Serbuk Kulit 

Kerang. Jurnal Rekayasa Material, Manufaktur Dan Energi, 6(1), 30-40. 

https://doi.org/10.30596/rmme.v6i1.13599  

https://doi.org/10.3390/ma15249044
http://dx.doi.org/10.1016/j.matpr.2023.06.319
https://doi.org/10.24843/jem.2019.v12.i01.p02
http://dx.doi.org/10.1016/B978-0-323-85045-2.00001-7
http://dx.doi.org/10.35724/mustek.v9i03.3569
https://doi.org/10.1016/j.jmrt.2023.07.145
https://doi.org/10.1016/j.pmatsci.2021.100796
https://doi.org/10.58169/saintek.v2i1.156
https://doi.org/10.30596/rmme.v6i1.13599

	Methods
	Results and Discussion
	Conclusion
	References

