
This is an open access article under the CC BY-SA license. 

 

 

 

 

203 
                                                                                                      Copyright © 2026 by Author 

 

Indonesian Journal of Maritime Technology (ISMATECH) 

Vol. 04, Issue 02, December 2026                            
eISSN: 3025-518X 
DOI: https://doi.org/10.35718/ismatech.v4i2.8482267 

 

  

 

 

 

Flexural Strength Characteristics of Composite Concrete Based on Pet 
Fiber and Fly Ash 

Hijriah1*, Fachreza Akbar1, Andi Sahputra Depari2, Muhammad Satria Ghesit1 

1Civil Engineering Department, Kalimantan Institute of Technology, Balikpapan, 76127, Indonesia 
2Department of Architecture, Kalimantan Institute of Technology, Balikpapan, 76127, Indonesia 

 

ABSTRACT – Conventional Portland cement concrete production entails substantial 

carbon emissions, while the resulting matrix remains susceptible to microcracking. To 

mitigate these drawbacks, incorporating industrial by-products and recycled polymers 

offers a viable sustainable solution. This study investigated the flexural strength 

characteristics of eco-friendly concrete incorporating fly ash as a partial cement 

replacement at 15% by mass and recycled polyethylene terephthalate (PET) fibers at 
volume fractions of 0.25%, 0.5%, 0.75%, and 1%. A plain concrete mixture served as 

the control baseline. Flexural strength was evaluated using beam specimens at 28 days. 

The results showed that the optimum flexural strength was achieved at a PET fiber 

volume fraction of 0.25%, reaching 3.95 MPa. This value was higher than that of 

concrete containing 15% fly ash without PET fibers (3.02 MPa) and the plain concrete 

mixture (3.33 MPa). Increasing the PET fiber content beyond 0.25% resulted in a decline 

in flexural strength, with a value of 3.29 MPa at 1% PET fiber. The findings 

demonstrated that incorporating a low PET fiber content in fly ash concrete improved 

flexural strength, while excessive fiber content reduced flexural performance. These 

results highlight the potential of combining fly ash and recycled PET fibers as materials 

for developing more sustainable concrete. 
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INTRODUCTION 

The global volume of waste generation continues to increase significantly. The World Bank projects that by 

2025, global urban waste production will reach 2.2 billion tons per year, with developing countries serving as the 

primary contributors at 572 million tons per year, and a per capita generation rate of 1.1–3.7 kg per person per 

day [1]. In Indonesia, approximately 65.83% of waste is still disposed of in landfills, with total generation reaching 

68.7 million tons per year. The waste is dominated by organic matter, particularly food waste (41.27%), with 

households contributing 38.28% of the total volume. The increase in waste volume is closely related to human 

activities and socioeconomic development, and is further influenced by geographical factors, demographics, 

culture, time and seasons, technological advancements, as well as waste characteristics [2]. The high daily 

consumption of plastic causes plastic waste to account for approximately 17% of the total municipal waste 
generation, making it a critical issue that garners both national and global attention [3]. 

Based on the influence of temperature, plastics are classified into thermoplastics and thermosets. 

Thermoplastics possess linear polymer chains that are reversible, allowing them to be remelted, recycled, and 

reshaped—such as PET, PE, PP, PS, and PVC—whereas thermosets have a three-dimensional structure that is 

irreversible, meaning they cannot be remelted [4]. Plastic waste, which is difficult to degrade, has the potential to 

cause long-term environmental pollution, public health issues, aesthetic degradation, and flood risks due to 

accumulation. These conditions have driven research to modify the properties of plastic so that it can be utilized 

as an alternative material in construction products [3]. The plastic waste problem in Indonesia remains an 

unresolved challenge due to the high daily consumption of society, which leads to waste accumulation in the 

environment. Given that plastic waste characteristics prevent it from decomposing naturally, utilization 

innovations are required, one of which includes using it as an additive material in concrete mixtures to support 
the concept of sustainable green infrastructure [5]. 

Concrete is the dominant composite construction material in infrastructure development due to its durability 

and ease of implementation in the field [6]. However, its brittle nature and low ductility make concrete weak 

against tensile and flexural forces, thereby requiring steel reinforcement [7]. As an alternative to control micro-
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cracks from propagating into macro-cracks, the random use of fibers through a crack-bridging mechanism 

effectively improves concrete ductility [8]. Although conventional steel fibers can enhance tensile strength, their 

susceptibility to corrosion can degrade the long-term performance of the structure [9]. Modern infrastructure 

development is currently shifting toward the concept of sustainability through the utilization of eco-friendly 

materials. The conventional concrete industry contributes significantly to environmental degradation due to high 

energy consumption and carbon emissions generated by cement production. Therefore, material substitution 

strategies utilizing industrial waste and by-products are employed to increase the resource efficiency of 

construction materials [10]. 

The utilization of polyethylene terephthalate (PET) waste as fibers offers an eco-friendly concrete solution 

due to its high tensile strength, as well as its resistance to water and chemicals [11]. The length of plastic fibers 
significantly influences the workability and mechanical performance of concrete. Fibers measuring 40 mm in 

length with a width of 2 mm have been proven to deliver an optimal and balanced performance compared to other 

sizes [12]. The addition rate of PET fibers is also crucial; several studies indicate that the optimal addition ranges 

from 0.5% to 1%, while levels above that actually reduce performance due to a decline in matrix bond quality and 

workability [13]-[16]. On the other hand, the production of cement as the primary binder in concrete contributes 

significant emissions to the environment [6]. Consequently, the partial substitution of cement using industrial 

waste such as fly ash continues to be developed [17]. Fly ash derived from coal combustion waste has the potential 

to pollute the environment if left unmanaged [18]. However, within concrete, fly ash undergoes a pozzolanic 

reaction with calcium hydroxide to form secondary calcium silicate hydrate (C-S-H) compounds, which refine the 

concrete matrix and improve its durability properties [6]. 

On the other hand, maritime and coastal activities are also major contributors to plastic waste pollution in 
Indonesia. This pollution not only threatens marine life and the sustainability of coastal ecosystems but also 

contributes to environmental degradation in the area currently being prepared as the new government center. This 

innovative concrete material is expected not only to meet urban infrastructure needs resilient to tropical-maritime 

climate conditions but also to make a tangible contribution to reducing plastic waste pollution in the waters 

surrounding East Kalimantan. Utilizing PET plastic fibers and fly ash as substitutes in eco-friendly concrete 

mixtures offers a dual approach: first, as a strategy to mitigate marine and terrestrial contamination by reducing 

the volume of waste ending up in the ocean or landfills; and second, as a means of providing innovative 

construction materials that support circular economy principles in the sustainable infrastructure development of 

the IKN (New Capital City). Fly ash functions to density the porous matrix, while PET plastic fibers play an active 

role in controlling cracks and enhancing flexural strength [19, 20]. Based on ACI 232.2R.03 recommendations 

and prior research, a safe fly ash substitution rate to optimize matrix densification without compromising long-
term performance is between 15% and 20% [21, 22, 19, 23]. 

Although independent research on PET fibers or fly ash has been widely conducted, studies investigating the 

macro performance of concrete combining fly ash and PET fibers remain limited. Based on this research gap, this 

study aims to analyze the effect of variations in PET plastic fiber content (0%, 0.25%, 0.5%, 0.75%, and 1%) with 

a fixed fly ash substitution composition of 15% on the macro behavior of concrete. This Study aimed to investigate 

the effect of fly ash and recycled PET fiber incorporation on the flexural strength of concrete. The results of this 

study are expected to provide a new scientific reference in the development of alternative concrete materials that 

are more economical, ductile, and supportive of sustainable construction. 

MATERIAL AND METHODS 

The research stages initiated with a literature study to collect references related to the characteristics of PET 

fiber and fly ash concrete. The subsequent stage involved gathering and preparing the concrete raw materials, 

followed by testing the characteristics of both fine and coarse aggregates to ensure compliance with technical 

specification standards for concrete mix preparation. Once the material characteristics were obtained, the concrete 

mix design proportion calculations were performed. The concrete mixing process was performed using a concrete 

mixer for approximately 10–20 minutes. The constituent materials were introduced sequentially into the mixer, 

starting with the coarse aggregate, followed by the fine aggregate, PET fibers, cement, fly ash, and water. After 

mixing, the fresh concrete was subjected to a slump test for each casting process to evaluate its workability. The 

concrete was then placed into beam molds measuring 15 × 15 × 60 cm and compacted by rodding, followed by 

tapping the mold with a hammer to improve compaction. After 24 hours, the specimens were demolded and cured 

by water immersion for 28 days at room temperature under normal ambient conditions. Three beam specimens 

were prepared for each mixture variation, and the flexural strength value for each variation was determined from 
the average of the three specimens. The slump test was conducted for each casting, while the baseline concrete 

mix design was used as the primary reference for determining the initial mixture proportions. The final stage of 

this study involved mechanical testing of the concrete, which included flexural strength test, followed by data 

analysis of the test results to draw conclusions 
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Mechanical Properties and Material Characteristics Portland Cement and Fly Ash 

The cement used in this study was Type I Portland Cement under the Conch brand. Fly ash was obtained from 

the coal combustion waste of the Balikpapan Steam Power Plant (PLTU Balikpapan). Fly ash functions to trigger 

a secondary pozzolanic reaction with calcium hydroxide Ca(OH)2 resulting from cement hydration, producing 

additional calcium silicate hydrate (C-S-H) that contributes to densifying the interfacial transition zone.  

 
Figure 1. Fly Ash 

In this study, 15% fly ash was used as a partial substitute for cement because it provides the best balance 

between early strength and microstructural improvement, and enhances the effectiveness of plastic fibers in 

controlling cracking. 

Table 1. Fly Ash Composition 

 

The test results indicate that the fly ash and bottom ash from Balikpapan Bay are classified as Class F, where 

the total content of (SiO2), (SiAl2O3), and (Fe2O3)  is greater than or equal to 70% (24).  

PET Plastic Fibers 

The fibers were manually produced from transparent plastic bottle waste, cut into fibers with a length of 40 

mm and a width of 2 mm. The dimensions of the fibers were selected based on the optimal fiber size value for the 
crack-bridging mechanism without disrupting the concrete mix (Mouna et al., 2024). The volume variations of 

the PET fibers used include 0%, 0.25%, 0.5%, 0.75%, and 1% of the total concrete volume.  

 

Parameter Unit Results Method 

 Fly ash Bottom Ash 

Moisture Content %wt 1.86 0.25 Gravimetric 

Unburned Carbon %wt 0.20 1.52 ASTM D 6316 

Loss on Ignition %wt 2.10 1.07 Gravimetric 

Ash Analysis 

Silicon Dioxide (𝐒𝐢𝐎𝟐) %wt 39.55 74.47 ASTM D 3682-13 

Alumunium Trioxide (𝐒𝐢𝐀𝐥𝟐𝐎𝟑) %wt 12.72 8.22 ASTM D 3682-13 

Iron Oxide (𝐅𝐞𝟐𝐎𝟑) %wt 20.87 6.66 ASTM D 3682-13 

Calcium Oxide (Na𝐎𝟐) %wt 11.20 4.81 ASTM D 3682-13 

Magnesium Oxide (MgO) %wt 7.48 2.08 ASTM D 3682-13 

Potassium Oxide (𝐊𝟐𝐎) %wt 0.68 0.36 ASTM D 3682-13 

Sodium Oxide (𝐍𝐚𝟐 𝐎) %wt 0.16 0.42 ASTM D 3682-13 

Manganese Dioxide %wt 0.21 0.10 ASTM D 3682-13 

Titan Dioxide %wt 1.71 1.47 ASTM D 3682-13 

Phosphorus Pentaoxide %wt 0.55 0.60 ASTM D 2795-95 

Sulfur Trioxide %wt 4.23 0.12 ASTM D 5016-08e1 

Undeternibed %wt 0.64 0.69 Calculation 
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Figure 2. PET Fiber 

Aggregate Characteristics Testing (Moisture Content) 

Aggregate moisture content is utilized to measure the free water content contained within the aggregate pores. 

The moisture content can be calculated using the following equation:  

Moisture Content =  
W1 − W2

W2

 x 100%         (1) 

Where: 

𝑊1 = initial weight of the aggregate sample 

𝑊2  = weight of the sample after being oven-dried for 24 hours 

 

Specific Gravity 
Specific gravity is used to determine the ratio of the material's unit weight to the unit weight of water. 

The specific gravity can be calculated using the following equation:  

Specific Gravity =  
Wd

Ws−(Ww−Wa)
  (2) 

 

Where: 

𝑊𝑑 = dry sample weight 

𝑊𝑠 = weight of the sample in saturated surface-dry (SSD) condition 

𝑊𝑤 = weight of the pycnometer filled with the sample and water 

𝑊𝑎 = weight of the pycnometer filled only with water 

 

Mix Design  

The mix design proportioning, the mixture proportions can be seen in Tables 2 below.  

Table 2. Mix Proportion of Concrete Beams 

Description Cement Water Fine Aggregate Coarse Aggregate Unit 

Proportion (1m3) 390.48 204.42 694.14 960.97 Kg 

1 sample 5.27 2.76 9.37 12.97 Kg 

3 sample 15.81 8.28 28.11 38.92 Kg 

SF 1.5 23.72 12.42 42.17 58.38 Kg 

 

Fabrication and Testing of Specimens 

The mixing process was carried out using a concrete mixer, introducing the constituent materials, fly ash, and 

plastic fibers gradually. Subsequently, a slump test was performed to measure the workability of the concrete. The 

concrete was cast 15 x 15 x 60 cm beam molds. After 24 hours, the specimens were demolded and cured using 

the water immersion method up to 28 days. The equations for the compressive and flexural strength tests are 

detailed as follows:  
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Flexural Strength of Beam Concrete 

The compressive strength of concrete is determined through laboratory testing by gradually applying a 

compressive load using a testing machine to a cylindrical test specimen until it fails. The compressive strength of 

concrete is calculated by dividing the maximum compressive load at the point of failure by the cross-sectional 

area of the test specimen, and is expressed in megapascals (MPa). 

 

Flexural Strength =  
P x L

b x h2  (3) 

Where: 

P = maximum flexural load 

L = span length between supports (mm)  

b = width of the beam cross-section (mm)   

h = height of the beam cross-section (mm)  

   

 

RESULTS AND DISCUSSION 
Slump Test 

The slump test results for all concrete mixtures are presented in Table 3. The measured slump values ranged 

from 9.0 to 11.4 cm, which were within the target slump range of 10 ± 2 cm. The plain concrete mixture recorded 

a slump of 11.4 cm, while the concrete containing 15% fly ash had a slump of 10.0 cm. 

Table 3. Mix Proportion of Concrete Beams 

Description 
Slump Value (cm) 

Design Slump Field Slump 

Normal Concrete 10 ± 2  11.4 

Fly ash 15% 10 ± 2  10 

FA 15% PET 0,25% 10 ± 2  9 

FA 15% PET 0,5% 10 ± 2  11.3 

FA 15% PET 0,75% 10 ± 2  10.4 

FA 15% PET 1% 10 ± 2  11 

The addition of PET fibers resulted in slump values of 9.0, 11.3, 10.4, and 11.0 cm for PET fiber contents of 

0.25%, 0.5%, 0.75%, and 1%, respectively. These results indicate that all mixtures satisfied the predetermined 

slump requirement and were considered acceptable for the casting process. 

Flexural Strength Analysis of Concrete 

Flexural strength testing was performed on beam specimens measuring 15 × 15 × 60 cm at an age of 28 days.  

Table 4. Flexural Test Results of Beams 
Sample Code Mix Proportion Weight (kg) Flexural Strength (MPa) 

BN1 Normal Concrete 31.76 3.33 
BF1 Fly ash 15% 31.81 3.02 
BFP11 FA 15% PET 0.25% 32.58 3.95 

BFP12 FA 15% PET 0.5% 32.36 3.64 
BFP13 FA 15% PET 0.75% 31.33 3.38 
BFP14 FA 15% PET 1% 31.67 3.29 

 

The optimum PET fiber content obtained in this study was 0.25%, which differs from the higher PET contents 

reported in several previous studies. This difference may be attributed to variations in fiber geometry, fiber surface 

characteristics, concrete composition, and incorporation method. For example, Khalid et al. [16] used PET fibers 

measuring 45 × 2 mm with a scrubbed surface and reported the highest split tensile strength at 0.5% PET. In 

contrast, the present study used manually cut PET fibers measuring 40 × 2 mm without surface treatment and 
incorporated them into concrete containing 15% fly ash. The difference in fiber geometry and surface condition 

may influence fiber–matrix interaction and the resulting mechanical response. Furthermore, Adajar and Ubay-

Anongphouth [13] investigated fly ash concrete with a substantially higher fly ash content of 30% and PET used 

as a partial replacement for fine aggregate, with 5% PET producing the highest flexural strength. These differences 
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in fly ash content, PET incorporation method, and fiber characteristics indicate that the optimum PET content is 

strongly dependent on the composition and configuration of the concrete mixture. Therefore, the optimum value 

of 0.25% obtained in the present study reflects the specific interaction between 15% fly ash and the PET fibers 

used in this experimental configuration. 

  
Figure 3. Specimens and Flexural Strength Test 

 

 
 

 

 

 

 

 

 

  

 

 

 
 

 

 

 

Figure 4. Flexural Test Resut Diagram of Concrete Beam 

 

CONCLUSION 

This study demonstrates that incorporating recycled PET fibers into concrete containing 15% fly ash can 

improve flexural performance, with 0.25% PET identified as the optimum fiber content within the investigated 
range. The findings highlight the importance of fiber content, geometry, and mixture composition in determining 

the mechanical performance of fly ash–PET concrete, and demonstrate that a lower PET content can provide 

favorable flexural performance compared with higher contents reported in some previous studies. From a 

sustainability perspective, the combined use of fly ash and recycled PET fibers provides a practical approach for 

reducing reliance on conventional cement and utilizing plastic waste in concrete applications. Future research 

should investigate the durability performance of the developed concrete, evaluate its behavior at structural scale, 

and examine the effects of different fly ash replacement levels and PET fiber characteristics. 

 

ACKNOWLEDGMENT 

We would like to express our deepest gratitude to the Institute for Research and Community Service (LPPM) 

for its support and financial assistance in the form of a research grant under the IKN Support Research program. 

We would also like to thank the Faculty of Sustainable Development, the Civil Engineering Laboratory, and all 

those who have contributed to the success of this research. 

 

208   



Open Access: https://journal.itk.ac.id/index.php/ismatech 

 

Hijriah et al. │ Indonesian Journal of maritime Technology│ Vol. 04, Issue 02 (2026) 

 

REFERENCES 

[1] R. Andrianto, F. Fajrini, N. Romdhona, and N. Latifah, “Faktor-Faktor yang Berhubungan dengan 

Perilaku Pengelolaan Sampah Rumah Tangga Di Kelurahan Cilandak Barat Kecamatan Cilandak Tahun 

2022,” Sci. J. Educ. Horizons, vol. 9, no. 10, pp. 547–560, 2023. 

[2] A. A. Sukirman, P. Adhriani, and E. Dariatno, “Pengaruh Produk Domestik Regional Bruto Terhadap 

Jumlah Timbulan Sampah di Provinsi Aceh,” Ekon. J. Ilmu Ekon. dan Stud. Pembang., vol. 24, no. 2, 

pp. 257–265, 2024, doi: 10.30596/ekonomikawan.v24i2.21259. 

[3] M. F. D. Ikram, G. Utomo, and A. M. Indriani, “Analisis Daya Serap Air Paving Block Plastik 

Polypropylene,” J. Komposit, vol. 9, no. 1, pp. 87–92, 2025, doi: 10.32832/komposit.v9i1.17592. 

[4] R. Shofiyah and I. Irawati, “Pengolahan Sampah Polimer Termoplastik dan Termoset di Lingkungan 

Bank Sampah Induk Kabupaten Jember,” J. Komunitas  J. Pengabdi. Kpd. Masy., vol. 6, no. 2, pp. 180–

190, 2024, doi: 10.31334/jks.v6i2.3548. 

[5] Riyan Benny Sukmara et al., “Substitusi Sampah Plastik sebagai Agregat Kasar Pada Inovasi Saluran 

Beton Precast Ramah Lingkungan,” Borneo Eng. J. Tek. Sipil, vol. 9, no. 1, pp. 94–107, 2025, doi: 

10.35334/be.v9i1.84. 

[6] P. Gaikwad and S. Sathe, “Effect of fly ash on compressive strength, carbonation and corrosion resistance 

of reinforced concrete: a systematic review,” World J. Eng., vol. 22, no. 1, pp. 40–60, 2025, doi: 

10.1108/WJE-07-2023-0240. 

[7] A. Farizi, A. A. Ulfa, and Fatmawati, “Kinerja Lentur Beton dengan Pemanfaatan Limbah Kulit Kayu 

Ekaliptus yang Dimodifikasi sebagai Substitusi Parsial Agregat Halus,” Nusant. Civ. Eng. J., vol. 3, no. 

02, pp. 76–89, 2025. 

[8] E. Chia, H. B. K. Nguyen, K. N. Le, K. Bi, and T. M. Pham, “Performance of hybrid basalt-recycled 

polypropylene fibre reinforced concrete,” Structures, vol. 75, no. March, p. 108711, 2025, doi: 

10.1016/j.istruc.2025.108711. 

[9] S. Mahdi, S. Venkatesan, and R. J. Gravina, “Flexural behaviour and post-cracking performance of 

polypropylene fibre-reinforced waste cardboard blended concrete,” Case Stud. Constr. Mater., vol. 21, 

no. July, pp. 1–17, 2024, doi: 10.1016/j.cscm.2024.e03806. 

[10] Hijriah, Fakhruddin, A. Hidayat, and A. Fallevi, “High-Quality Composite Concrete Based on Eco 

Materials from Nickel Slag Waste as an Implementation of Sustainable Infrastructure,” Eng. Technol. 

Appl. Sci. Res., vol. 15, no. 6, pp. 29929–29934, 2025, doi: 10.48084/etasr.14487. 

[11] A. Asrar, E. Bachtiar, S. Gusty, F. Rachim, R. Ritnawati, and A. Setiawan, “Pemanfaatan Daur Ulang 

Limbah Plastik Polyethylene Terephthalate (Pet) Sebagai Pengganti Agregat Kasar Pada Beton,” J. 

Kacapuri  J. Keilmuan Tek. Sipil, vol. 3, no. 2, p. 156, 2020, doi: 10.31602/jk.v3i2.4076. 

[12] Y. Mouna, B. Irfan, M. S. Rahman, and M. Batikha, “A statistical-experimental study to investigate the 

optimal parameters of fibres made from waste PET bottles for strengthening concrete,” Constr. Build. 

Mater., vol. 420, no. March, p. 135613, 2024, doi: 10.1016/j.conbuildmat.2024.135613. 

[13] M. A. Adajar and I. O. Ubay-Anongphouth, “Effects of Polyethylene Terephthalate (Pet) Plastics on the 

Mechanical Properties of Fly Ash Concrete,” Int. J. Geomate, vol. 23, no. 95, pp. 162–167, 2022, doi: 

10.21660/2022.95.1576. 

[14] A. Firmansyah, “Analisis Kuat Tekan Beton dengan Penambahan Serat Plastik Daur Ulang sebagai 

Bahan Tambahan,” J. Eng. Technol. Sci., vol. 1, no. 3, pp. 324–339, 2025, doi: 

https://doi.org/10.70716/jets.v1i1.57 Analisis. 

[15] Renaldi Renaldi, Jasman Jasman, and Adnan Adnan, “Pemanfaatan Limbah Serat Plastik PET Terhadap 

Kuat Tekan Beton,” Konstr. Publ. Ilmu Tek. Perenc. Tata Ruang dan Tek. Sipil, vol. 2, no. 2, pp. 01–08, 

2024, doi: 10.61132/konstruksi.v2i2.207. 

[16] H. Khalid, Y. Yasin, M. U. Farooq, U. Munir, M. A. Qaisrani, and S. Shahani, “An experimental 

investigation of mechanical properties of concrete composites reinforced with PET fibers as per ASTM 

standard,” Sustain. Chem. Environ., vol. 10, no. March, p. 100241, 2025, doi: 

10.1016/j.scenv.2025.100241. 

 

209   



Open Access: https://journal.itk.ac.id/index.php/ismatech 

 

Hijriah et al. │ Indonesian Journal of maritime Technology│ Vol. 04, Issue 02 (2026) 

[17] A. Nurhadi, “Analisis Kekuatan Struktur Beton Bertulang Menggunakan Material Tambahan Abu 

Terbang (Fly Ash),” J. Eng. Technol. Sci., vol. 1, no. 3, pp. 324–339, 2025. 

[18] A. Ermiyati, E. R. Indrayatie, U. T. Santoso, and A. Nugroho, “Natural resources management using fly 

ash in South Kalimantan, activated with acid and alkali as an adsorbent to reduce metal cations from acid 

mine drainage,” J. Degrad. Min. Lands Manag., vol. 12, no. 5, pp. 8571–8581, 2025, doi: 

10.15243/jdmlm.2025.125.8571. 

[19] A. Sayed et al., “Assessing the influence of fly ash and polypropylene fiber on fresh , mechanical and 

durability properties of concrete,” J. King Saud Univ. - Eng. Sci., vol. 35, no. 7, pp. 474–484, 2023, doi: 

10.1016/j.jksues.2021.06.005. 

[20] A. Kumar and N. P. Kaushik, “Mechanical and Microstructural Evaluation of Fly Ash – GGBFS Alkali 

Activators Reinforced with Steel and Polypropylene Fibers,” Int. J. Intell. Syst. Appl. Eng., vol. 13, no. 

1, pp. 573–583, 2025. 

[21] H. M. Magbool, “Sustainability of utilizing recycled plastic fiber in green concrete: A systematic 

review,” Case Stud. Constr. Mater., vol. 22, no. January, p. e04432, 2025, doi: 

10.1016/j.cscm.2025.e04432. 

[22] N. Z. Nkomo, L. M. Masu, and P. K. Nziu, “Optimisation of mechanical properties of polyethylene 

terephthalate fibre/fly ash hybrid concrete composite,” Case Stud. Constr. Mater., vol. 17, no. July, p. 

e01395, 2022, doi: 10.1016/j.cscm.2022.e01395. 

[23] M. Sofyan, E. Lestari, A. Amiruddin, and I. W. Kustanrika, “Selected Fresh and Hardened Self 

Compacting Concrete Incorporating PP Macro Fibers, Crushed Brick Aggregate, and Fly Ash,” Eng. 

Technol. Appl. Sci. Res., vol. 15, no. 3, pp. 22698–22704, 2025, doi: 10.48084/etasr.10068. 

[24] A. I. Arobi et al., “Utilization of Fly Ash and Bottom Ash Coal-Fired Power Plant Teluk Balikpapan as 

Subgrade,” Int. J. Civ. Eng., vol. 9, no. 4, pp. 1–7, 2022, doi: 10.14445/23488352/ijce-v9i4p101. 

 

 

 

210   



  Ca (   OH ) 2


  𝐒 𝐢   𝐎  𝟐


  𝐒 𝐢   𝐀 𝐥  𝟐   𝐎  𝟑


      𝐅 𝐞  𝟐 𝐎  𝟑


    𝐎  𝟐


    𝐊  𝟐 𝐎


    𝐍 𝐚  𝟐   𝐎


  Si  O 2


  Si  Al 2  O 3


     Fe 2 O 3


  Moisture   Content =      W 1 −  W 2   W 2   x   100 %


    W 1


    W 2


  Specific   Gravity =      W d   W s −   ( W w −  W a )  


    W  d


    W  s


    W  w


    W  a


  1  m 3 )


  Flexural   Strength =     P   x   L  b   x    h 2  


  P


  L


  b


  h

