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ABSTRACT

Sustainable construction efforts to reduce carbon dioxide emissions from cement production
suggest incorporating pozzolanic and waste materials into concrete composites. This
research focuses on evaluating the compressive strength of concrete composites that include
Mount Lokon volcanic ash, plastic waste, and fish scale waste. The study was conducted
through several stages: preparation of raw materials, production of concrete composites with
varying mix ratios, curing for 14-28 days, and compressive strength testing using a
Compression Testing Machine (CTM). The findings indicate that replacing 7% of cement
with Lokon ash provides the best compressive strength, reaching 2.7 MPa after 14 days of
curing. When plastic is used as an aggregate at 13% in a mix of 13% cement, 7% Lokon ash,
and 67% sand, the compressive strength improves to 3.7 MPa after 28 days of curing. The
inclusion of 7% fish scale waste in the composite increases compressive strength, though it
still falls short of the minimum strength required by SNI standards. Lokon ash, plastic, and
fish scale waste have potential for use in non-structural concrete blocks. Further research is
required to better understand the role of fish scale waste as a filler in concrete blends with
cement, Lokon ash, plastic, and sand. The integration of these materials supports the
advancement of sustainable construction practices.
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Inkorporasi Abu Lokon, Limbah Plastik Dan Sisik Ikan Dalam
Komposit Beton Dan Nilai Kuat Tekan

ABSTRAK

Konstruksi berkelanjutan sebagai upaya mereduksi emisi gas karbondioksida sebagai efek
samping produksi semen mengusulkan penggunaan material pozzolanic dan material limbah
untuk diinkorporasi ke dalam komposit beton. Penelitian ini bertujuan mengkaji kuat tekan
komposit beton yang diinkorporasi abu vulkanik Gunung Lokon, limbah plastik dan limbah
sisik ikan. Metode penelitian meliputi tahap persiapan bahan baku, pembuatan komposit
beton dengan variasi komposisi campuran, proses curing selama 14-28 hari, serta pengujian
kuat tekan menggunakan Compression Testing Machine (CTM). Hasil riset menunjukkan
bahwa subtitusi 7% abu Lokon sebagai komplemen semen telah memberikan kuat tekan
optimum sebesar 2,7 MPa pada pengeringan selama 14 hari. Penggunaan plastik sebagai
agregat dengan persentase 13 % dalam kombinasi semen 13%, abu Lokon 7% dan pasir 67%
memberikan kuat tekan optimum sebesar 3,7 MPa pada lama pengeringan 28 hari.
Penggunaan 7% limbabh sisik ikan dalam komposit beton potensial meningkatkan kuat tekan
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komposit beton meskipun nilai kuat tekan masih di bawah nilai kuat tekan minimun SNI.
Pemanfaatan abu Lokon, limbah plastik dan limbah sisik ikan dalam komposit beton
berpotensi untuk diterapkan sebagai beton berupa batako untuk aplikasi non struktural.
Dibutuhkan kajian lebih lanjut untuk mengetahui konstribusi limbah sisik ikan sebagai
material pengisi dalam campuran beton berbahan semen, abu Lokon, plastik dan pasir.
Pemanfaatan abu Lokon, limbah plastik dan limbah sisik ikan sebagai material suplemen
dalam komposit beton mendukung konstruksi berkelanjutan.

Kata kunci: Abu Lokon; beton; kuat tekan; plastik; sisik ikan
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INTRODUCTION

The development of sustainable construction is a crucial issue because the
construction sector has a significant impact on the environment, energy consumption,
depletion of natural resources, and carbon dioxide (CO;) emissions (Ahmad et al., 2021).
Globally, construction relies heavily on cement as the primary material for concrete
(Ibrahim, 2021;Khawaja et al., 2021). By 2050, global demand for Ordinary Portland
Cement (OPC) is projected to increase by 200%, driving higher cement production (Miller
et al., 2018). Large-scale cement production, however, conflicts with the growing scarcity
of raw materials and rising CO> emissions, which amount to 0.94 tons of CO2 per ton of
cement produced (Robayo-Salazar & de Gutiérrez, 2018). Efforts to enhance sustainability
in the construction sector include incorporating supplementary materials into concrete, such
as waste materials and natural pozzolans (Ahmad et al., 2021; Robayo-Salazar & de
Gutiérrez, 2018; Juenger, Snellings and Bernal, 2019; Luhar, Cheng & Luhar, 2019).

Among the waste materials requiring attention are plastic waste and fish scales.
Plastic waste can harm marine life, and microplastics can accumulate in fish, posing health
risks to humans. Meanwhile, fish scales can pollute the environment, emitting foul odors
and harboring bacteria that threaten human health (Yadav ef al., 2019). Addressing plastic
and fish scale waste can be integrated into sustainable green construction efforts.
Additionally, North Sulawesi has abundant natural pozzolans, such as volcanic ash from
Mount Lokon, which remain underutilized. Mount Lokon volcanic ash, rich in silica and
alumina, holds significant potential as a binding agent for use as a cement supplement
(Bobanto et al., 2023).

This study employs Mount Lokon volcanic ash, plastic waste, and fish scale waste
as supplementary materials in concrete composites due to their environmental and technical
potential. Volcanic ash, abundant in North Sulawesi and rich in silica and alumina, serves as
a pozzolanic material that can partially replace cement and reduce CO: emissions from
cement production. Plastic waste, a persistent environmental pollutant, can function as a
lightweight aggregate, reducing the reliance on natural sand while promoting circular use of
resources. Fish scales, an underutilized by-product of the fisheries industry, are explored as
a novel filler to mitigate waste disposal issues, although their effect on strength requires
further optimization.

The integration of these materials supports sustainable construction practices while
addressing waste management challenges. This approach requires an evaluation of the
resulting compressive strength to ensure it meets Indonesian National Standards. Therefore,
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this research aims to incorporate Lokon volcanic ash, plastic waste, and fish scales into
concrete composites and evaluate their impact on compressive strength. The findings are
expected to provide valuable insights for advancing sustainable construction.

RESEARCH METHOD

This research was conducted in the Advanced Physics Laboratory at FMIPA Unsrat
and the Material Testing Laboratory at Politeknik Negeri Manado. The study followed four
main stages: raw material procurement and preparation, concrete composite production,
curing, and compressive strength testing. The raw materials consisted of cement, Lokon
volcanic ash, volcanic sand, shredded plastic waste, and fish scales (Red Snapper and
Parrotfish). These materials were collected and prepared for use in the concrete composites.
The preparation process involved drying and sifting the sand, followed by mixing the raw
materials according to predetermined mix ratios. The mixtures were then molded into
cylindrical samples. The molded concrete samples were subjected to curing (drying) for
different durations (14, 21, and 28 days) to allow hydration and strength development. After
curing, the samples were tested for compressive strength using a Compression Testing
Machine (CTM). The test measured the ability of each composite to withstand applied loads
and provided the data used for evaluating performance.

The materials used included cement, fine volcanic ash from Mount Lokon (44 pm),
crushed Red Snapper and Parrotfish scales, shredded plastic (1-2 cm), fine sand as
aggregate, and water. Three types of concrete composites were developed: Concrete
Composite I comprised cement, Lokon ash, and sand, with four mix variations: Mix X
(control) with a cement-to-sand ratio of 20%:80%, Mix A (13% cement, 7% ash, 80% sand),
Mix B (7% cement, 13% ash, 80% sand), and Mix C (0% cement, 20% ash, 80% sand).
Concrete Composite II incorporated shredded plastic into the mix while maintaining fixed
proportions of cement and Lokon ash, with three variations: Mix PA (13% cement, 7% ash,
60% sand, 20% plastic), Mix PB (13% cement, 7% ash, 67% sand, 13% plastic), and Mix
PC (13% cement, 7% ash, 73% sand, 7% plastic). Concrete Composite III incorporated
powdered fish scales (Red Snapper or Parrotfish) while maintaining fixed cement and ash
ratios, resulting in six variations: Mixes MA, MB, and MC for Red Snapper scales and Mixes
TA, TB, and TC for Parrotfish scales, with proportions matching those in Concrete
Composite II.

The percentage composition of Mount Lokon ash, plastic waste, and fish scale waste
in the concrete composites was determined based on three main considerations ((Yusra et
al., 2024; Dhanalakshmi et al., 2025; Sulaiman et al., 2025). First, reference was made to
previous studies, which indicate that moderate replacement levels (around 5-10%) of
pozzolanic and waste materials usually provide the best balance between strength and
sustainability, while higher levels (>20%) often cause strength reduction. Second, the chosen
percentages were designed to ensure comparability across composite groups: Concrete
Composite I varied ash content from 7% to 20%, while Composites II and III used 7%, 13%,
and 20% of plastic or fish scales to evaluate both low and moderate inclusion levels. Third,
practical and environmental considerations were taken into account: 7—13% substitution is
realistic for non-structural concrete applications, while 20% was deliberately included to test
the upper limit of substitution. In summary, the selected percentages reflect a balance
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between scientific relevance, comparability, and practical applicability, while also exploring
the boundaries of material substitution in sustainable concrete composites. The composites
were cured for 14, 21, or 28 days at room temperature, and their compressive strength was
tested using a Compression Testing Machine (CTM) at the Material Testing Laboratory of
Politeknik Negeri Manado.

Cement Volcanic sand Concrete Composne I
e B i

Lokon volcanic ash Plastic waste Mixing raw materials Concrete y)gm Concrete Composm Compressing Testing

Machine
u I
Red Sniper Fish Parrot Fish Scale Concrete molding results Concrete (‘omposlte
Scale
1. Procurement of raw 2. Concrete molding processes 3. Concrete 4. Compressive
materials drving Strength Test

Figure 1. Research Procedure

RESULTS AND DISCUSSION

Compressive Strength of Concrete Composite I

The results of the compressive strength tests for Concrete Composite I are shown in
Figure 2. The composite made of cement and sand (Mix X) demonstrated the highest
compressive strength across all curing durations: 3.4 MPa at 14 days, and 3.9 MPa at both
21 and 28 days. Mix A, which incorporated cement, Lokon ash, and sand in a 13%: 7%: 80%
ratio, showed compressive strengths of 1.5 MPa, 2.7 MPa, and 2.2 MPa after 14, 21, and 28
days of curing, respectively. Mix B, with a 7%: 13%: 80% ratio of cement, Lokon ash, and
sand, achieved compressive strengths of 0.6 MPa at 14 and 21 days and 0.4 MPa at 28 days.
Mix C, which replaced all cement with Lokon ash, showed no measurable compressive
strength at 14 and 21 days but achieved 0.1 MPa after 28 days of curing.
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Figure 2. Compressive Strength vs Curing Time of Concrete Composite I

Curing duration significantly affected the compressive strength of Concrete
Composite 1. The incorporation of fine Lokon ash influenced the composite's strength,
resulting in lower values compared to the cement-sand mixture. Notably, the use of 7%
Lokon ash as a partial replacement for cement yielded a compressive strength of 2.7 MPa
after 21 days of curing, exceeding the minimum standard of 2.5 MPa set by Indonesian
National Standards (SNI 03-0349-1989) for lightweight non-structural wall bricks. These
findings indicate that substituting 7% of the cement with fine volcanic ash from Mount
Lokon produces a concrete composite that meets the quality standards for non-structural
concrete blocks. Substituting 13% of the cement or replacing all of the cement material did
not achieve compressive strength that meets the quality standards set by SNI. The complete
replacement of cement with fine ash still failed to provide the required density and firmness
in the composite after 14 and 21 days of curing. Even after 28 days of curing, no significant
increase in compressive strength was observed.

Compressive Strength of Concrete Composite 11

Concrete Composite II is made from cement, Lokon ash, sand, and plastic. The
incorporation of plastic into the composite resulted in somewhat fluctuating compressive
strength values (Figure 3). Mix PA achieved compressive strengths of 3.3 MPa, 2.7 MPa,
and 3.2 MPa after 14, 21, and 28 days of curing, respectively. Mix PB, after curing for 14,
21, and 28 days, showed compressive strengths of 2.4 MPa, 1.8 MPa, and 3.7 MPa. Mix PC
exhibited compressive strengths of 2.4 MPa, 1.5 MPa, and 1.9 MPa after curing for 14, 21,
and 28 days. The 28-day curing period provided the most optimal compressive strength for
Mix PB. In general, compressive strength decreased after 21 days of curing but increased
again after 28 days. The extended curing time demonstrated a fluctuating trend in
compressive strength values.
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Figure 3. Compressive Strength vs Curing Time of Concrete Composite 11

Figure 3 illustrates that increasing the volume percentage of plastic in concrete
composites reduces the compressive strength. This decrease in strength may be due to
several factors, including the irregular shape of the plastic particles (Babafemi et al., 2018),
as well as the increase in water absorption and pore index (Resende ef al., 2024). Although
there is a reduction in compressive strength with a higher plastic content, this study's data
shows that a 7% plastic inclusion in the concrete mixture still results in a compressive
strength above the minimum standard required by SNI. Plastic, when used as a substitute for
sand aggregate in the composite, provides a relatively lower unit weight, which can be
beneficial for applications requiring lightweight structures.

Compressive Strength of Concrete Composite 111
Concrete Composite III consists of two types: Concrete Composite III M and

Concrete Composite IIIT. Concrete Composite III_ M incorporates Red Snapper fish scales
as a substitute for sand aggregates and as a filler material. Figure 5.9 shows the compressive
strength values of the composite with three variations in the amount of Red Snapper fish
scale powder. When 20% of the volume is replaced with Red Snapper fish scales, the
compressive strength is 0.8 MPa, 0.8 MPa, and 1.0 MPa after 14, 21, and 28 days of drying,
respectively. With only a 13% incorporation of fish scales, the compressive strength
increases to 1.0 MPa, 1.0 MPa, and 1.4 MPa at the same drying intervals. When the
percentage is further reduced to 7%, the compressive strength increases to 1.4 MPa, 1.1 MPa,
and 1.7 MPa at 14, 21, and 28 days of drying. In general, incorporating Red Snapper fish
scales into the concrete composite reduces the compressive strength. The compressive
strength of the concrete with fish scales remains below the minimum standard required by
SNI for non-structural lightweight blocks (SNI 03-0349-1989).
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Figure 4. Compressive Strength vs Curing Time of Concrete Composite III. M

In addition to Red Snapper fish scales, Parrot fish scales were also incorporated into
the concrete mixture. The compressive strength results are shown in Figure 5. Concrete
composites with Parrot fish scale powder incorporated at volume percentages of 20%, 13%,
and 7% exhibited a trend of increasing compressive strength. Substituting fish scale powder
into the composite reduces its strength and density, thus decreasing its ability to withstand
pressure. Figure 5 presents the compressive strength data of Concrete Composite 111 T. A
7% inclusion of Parrot fish scales resulted in compressive strengths of 1.0 MPa, 1.4 MPa,
and 2.3 MPa after 14, 21, and 28 days of drying, respectively. A 13% inclusion resulted in
strengths of 0.8 MPa, 1.3 MPa, and 1.5 MPa, while a 20% inclusion yielded strengths of 1.0
MPa, 1.1 MPa, and 1.1 MPa, for the same drying periods.
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Figure 5. Compressive Strength vs Curing Time of Concrete Composite III_ T
This research indicates that incorporating fish scales into concrete mixtures has a
significant effect, notably causing a reduction in the compressive strength of the concrete.
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The resulting compressive strength values fall below the minimum standard for non-
structural brick applications (SNI 03-0349-1989). This decline is attributed to the fish scales
increasing the water content in the mixture and reducing the material's density, which
impacts the concrete's ability to withstand compressive loads (Resende et al., 2024).
Furthermore, the study shows that at a 7% inclusion rate of fish scales, compressive strength
exhibited an increasing trend after 28 days of curing. This suggests potential for using fish
scales as an aggregate material in concrete composites for non-structural applications,
although special treatment is required before incorporating them into the mixture.

In comparing the three composites, Concrete Composite II exhibited the best
performance. Composite I, which combined cement, Mount Lokon ash, and sand, achieved
acceptable compressive strength when 7% of cement was substituted with volcanic ash,
reaching 2.7 MPa after 21 days. However, higher proportions of ash significantly reduced
strength. Composite II, which incorporated shredded plastic as part of the aggregate, showed
the highest improvement; the optimal mix (13% cement, 7% ash, 67% sand, and 13% plastic)
achieved 3.7 MPa after 28 days, surpassing the results of both Composites I and III. By
contrast, Composite III, which included fish scales, generally produced lower compressive
strength values, with a maximum of 2.3 MPa at 7% fish scale content, below the SNI
standard for non-structural applications. These findings indicate that the integration of
plastic waste, in controlled proportions, offers the most effective approach to enhancing
compressive strength while supporting sustainable construction practices.

The compressive strength results of the three concrete composites can be explained
by the role and interaction of each supplementary material in the cementitious matrix. At
low substitution rates (around 7%), Lokon volcanic ash contributed positively to
compressive strength. Its fine particles, rich in silica and alumina, reacted pozzolanically
with calcium hydroxide released during cement hydration to form additional calcium silicate
hydrate (C—S—H) gel, thereby densifying the matrix. This explains the optimum strength of
2.7 MPa observed at 7% substitution. When the ash replacement increased to 13-20% or
was used as a full replacement, insufficient cementitious material remained to initiate and
sustain hydration, leading to reduced binding capacity and lower strength. This threshold
effect aligns with other international studies, which also reported optimum performance at
5-10% volcanic ash substitution and strength reduction at higher levels (Agboola
Shamsudeen Abdulazeez et al., 2020; Ahmad et al., 2024).

Shredded plastic acted as a lightweight aggregate replacement. Plastic is
hydrophobic and has weak interfacial bonding with cement paste; therefore, higher plastic
content typically reduces compressive strength due to increased voids and weak interfaces.
However, at a balanced content (13% plastic with 7% ash), the composite achieved the
highest overall compressive strength of 3.7 MPa after 28 days. This can be attributed to a
favorable balance between reduced density and adequate cementitious bonding, with Lokon
ash helping to densify the paste around plastic particles. These results are consistent with
international findings showing that small to moderate levels of plastic aggregate can be
tolerated in non-structural concretes, while higher contents cause significant reductions in
strength (Babafemi et al., 2018; Resende et al., 2024; Zulkernain et al., 2021).

Unlike ash and plastic, the inclusion of fish scale waste generally reduced
compressive strength. Fish scales, containing organic matter and hydroxyapatite, increased
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water demand and reduced the density of the mixture. Even at the lowest content (7%),
compressive strength peaked at only 2.3 MPa, below the SNI minimum for non-structural
lightweight blocks. This result differs from some international studies, where fish scale
powders processed by calcination or used at nanoscale exhibited positive effects on
compressive strength (Arain et al., 2022; Sulaiman et al., 2025). The difference highlights
the importance of pre-treatment; raw fish scales in this study acted as weak fillers, while
treated or nano-sized fishery wastes reported elsewhere enhanced matrix densification and
strength.

Overall, the findings confirm a general trend widely observed in international
research: supplementary waste materials can improve or maintain compressive strength only
within a narrow optimum window, typically around 5-13%. Beyond this level, matrix
dilution, weak bonding, or increased porosity dominate, resulting in lower strength. The
similarity of results for Lokon ash and plastic with global studies indicates that the threshold
concept is broadly valid. The difference in fish scale outcomes underscores the need for
processing strategies to unlock their potential. This comparison strengthens the international
relevance of the present research by showing that local materials (Lokon ash, Indonesian
fish scales, and plastic waste) follow global sustainability patterns while offering unique
challenges and opportunities in tropical contexts.

This research reveals the potential of Mount Lokon volcanic ash, plastic waste
pieces, and fibers from Red Snapper and Parrotfish scales as supplementary components in
concrete mixtures. Using volcanic ash as a substitute in concrete improves its compressive
strength. The pozzolanic reaction between volcanic ash and cement generates calcium
silicate hydrate, creating a dense gel that strengthens the concrete (Bashir & Elahi, 2023).
Replacing 7% of cement with Lokon volcanic ash produced an optimal compressive strength
of 2.7 MPa, suitable for non-structural applications. For structural concrete, substituting 10%
of cement with volcanic ash significantly enhanced matrix strength, achieving a compressive
strength of about 25 MPa (Bashir & Elahi, 2023). However, exceeding the optimal volcanic
ash proportion leads to a decrease in compressive strength. Alternative approaches, such as
calcining the volcanic ash, can further enhance the strength of cement-volcanic ash
composites (Karolina et al., 2023). Calcination increases the pozzolanic activity of Lokon
ash by elevating its amorphous phase (Bobanto et al., 2023).

The addition of plastic to concrete composites presents a challenge as increasing
plastic content negatively impacts mechanical properties (Zulkernain ef al., 2021). A higher
amount of cement reduces the interaction between plastic particles and the matrix, such as
cement or volcanic ash. The weak bond between plastic waste and cement paste, caused by
plastic's hydrophobic properties that hinder cement hydration on its surface, contributes to a
decline in compressive strength (Zulkernain ef al., 2021). This issue can be mitigated by
enhancing adhesion at the plastic-matrix interface using fillers (Lazorenko et al., 2022).
Plastic-mixed concrete offers benefits such as improved impact resistance, reduced
shrinkage and micro-cracking, increased impermeability, and better resistance to salt scaling
(Kamal et al., 2021). It also enhances thermal and electrical insulation, lowers water
absorption, and reduces alkali content in the concrete (Kadam et al., 2021). However,
plastic-reinforced concrete is less suitable for applications involving heat exposure (Kadam
et al.,2021; Wiswamitra et al., 2021). This study corroborates prior findings that fish scale
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incorporation lowers concrete's compressive strength. Therefore, fish scales and similar
fishery waste are recommended for use in concrete composites at low concentrations (Yusra
et al., 2022; Arain et al., 2022). To overcome the limitations of plastic in concrete, several
studies propose using fishery waste in nanoscale form as a filler material (Luhar et al., 2019;
Osman et al., 2020).

CONCLUSION

The addition of Lokon volcanic ash, plastic waste, and fish scale waste influences
the compressive strength of concrete composites. Optimal compressive strength can be
achieved by substituting these materials in appropriate proportions. Replacing 7% of cement
volume with Lokon volcanic ash results in a compressive strength of 2.7 MPa, while
incorporating 13% plastic waste in a mixture with 13% cement, 7% Lokon ash, and 63%
sand delivers the highest strength of 3.7 MPa among the tested combinations. Fish scale
waste demonstrates potential as a limited-use aggregate. Further studies are required to
evaluate its role as a filler in concrete composites enhanced with Lokon ash and plastic waste.
Integrating Lokon ash, plastic waste, and fish scale waste as supplementary materials in
concrete composites contributes to sustainable construction practices.
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