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Abstract

Geopolymer concrete, utilizing industrial byproducts like GGBS, presents a sustainable and environmentally
friendly alternative to Ordinary Portland Cement (OPC) with significant potential for reducing CO: emissions in
the construction industry. This study evaluated the mechanical and durability properties of nylon fiber-reinforced
geopolymer concrete with GGBS as the primary binder. The geopolymer matrix was activated using a binary
alkaline solution with a consistent molarity of 12M NaOH and a Na.SiOs-to-NaOH ratio of 2.5:1. Four distinct
mixes were prepared with nylon fiber volumes of 0%, 0.5%, 1.0%, and 1.5%. All mixes maintained a constant
alkali activator-to-binder ratio of 0.50. The research included tests for compressive strength, split tensile strength,
flexural strength, water absorption, and permeable void volume (VPV). The incorporation of nylon fibers resulted
in a significant enhancement in both tensile and flexural strength. The optimal results for all mechanical properties,
including the highest compressive strength, were achieved at a fiber content of 1.0%. Furthermore, fiber
reinforcement improved durability performance by reducing both water absorption and permeable void volume. A
slight decrease in these improvements was observed beyond the optimal dosage of 1.0%. The findings demonstrate
that the strategic inclusion of nylon fibers at 1.0% by volume can substantially enhance the mechanical strength
and longevity of GGBS-based geopolymer concrete, confirming its potential as a robust and sustainable alternative
to traditional cementitious composites.
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1 Introduction

Concrete structure is considered the foremost priority for the world (Veza et al., 2021). Concrete pavement is
widely used in roads, highways, and other transportation facilities. Concrete pavement is used for pavement
construction due to its strength, cost-effectiveness, and durability. Contemporary transportation systems rely
significantly on concrete pavement, which guarantees safe and enjoyable travel by offering a resilient and smooth
surface for cars (Pompigna & Mauro, 2022). Highways, Airports, and Industrial zones are suitable sites for
concrete pavements owing to their capacity to withstand substantial loads and intense traffic. The most widely
used building material for mortar manufacture worldwide is traditional Portland cement (OPC). To produce OPC,
significant amounts of energy are required from burning fossil fuels, resulting in the release of greenhouse gases,
such as CO,. An estimated 0.8 metric tons of CO; are released into the atmosphere for every metric ton of cement
produced, which requires raw materials totaling 1.5 metric tons (Baykara et al., 2020). Several investigations have
been conducted to reduce the amount of OPC in concrete mixtures by substituting a mineral additive or industrial
by-product, such as fly ash, silica fume, or slag, for a portion or all of the OPC, thereby reducing CO, emissions.
(Sukontasukkul et al., 2018). As aluminosilicate materials have been replaced, geopolymers have emerged as
alternatives to OPC in the building industry. A Raw material can be utilized to make geopolymers if it contains a
lot of alumina (Al.O3) and silica (SiO2) as its main elements, can interact with a concentrated alkaline mixture,
and has the heat energy for curing to speed up the processes (Mermerdas et al., 2017).

Moreover, the minimal maintenance needs of concrete pavements lead to reduced long-term infrastructure
expenses (Singh et al., 2020). The production of traditional concrete primarily relies on Portland cement, leading
to substantial CO, emissions. It is essential to identify various construction materials and techniques that minimize
carbon emissions and conserve resources. Concrete made of traditional Portland cement can be replaced with
geopolymer concrete (GPC), which is an inventive and sustainable alternative (Almutairi et al., 2021). GPC uses

250


mailto:ahmedshaon25@gmail.com
mailto:tafsirulrohan.islam@gmail.com
mailto:moniruzzaman136501@gmail.com
mailto:ztasnim1908@gmail.com
mailto:mehedi@becm.ruet.ac.bd
mailto:robi95@ce.ruet.ac.bd

M. S. Ahmed, M. T. Islam, M. Moniruzzaman, Z. Tasnim, M. Hasan & M. R. Awall
ICCEI 2025

these materials to reduce waste and promote sustainable resource management. Compared to conventional
concrete, GPC can be produced with lower curing temperatures, conserving energy during the manufacturing
process. According to a prior study by Gurbuz et al., 2014 green buildings and sustainable energy have gained
significance in recent years. This pattern underscores the need for innovative building materials and techniques
that enhance energy efficiency and promote environmental sustainability.

It has been demonstrated that geopolymer exhibits mechanical properties similar to those of brittle hardened
cement, characterized by its high compressive strength and low tensile strength. Conventional concrete, sometimes
referred to as fiber-reinforced concrete (FRC), is created by incorporating microscopic fibres into the concrete
mixture at random to increase its brittleness. Plain concrete loses its ability to support loads if a fracture forms
during loading because it spreads swiftly. FRC, on the other hand, slows down or even stops the break because the
fibers dispersed throughout the matrix intercept it. This phenomenon, referred to as the crack bridging effect,
makes the concrete more resilient and keeps it able to sustain a load even after the initial crack has formed
(Sukontasukkul et al., 2018). To improve the mechanical properties of geopolymer concrete (GPC), it is essential
to consider the kind of fibre, fibre content, bonding strength between the fibre and matrix, and mechanical
properties of the fibre. The two most prevalent types of fiber are polypropylene fiber (PF) and steel fiber (SF)
(Wang et al., 2020). PF is believed to improve the efficiency of concrete due to its significant effect on resistance,
greater strain failure rate, fine crack-free finish, superior water permeability resistance, and ultimately
enhanced longevity. Despite this, fibers from a wide range of materials are commonly used in composite materials,
including inorganic fibers like silica and basalt, synthetic fibers like polyvinyl alcohol, polypropylene, and
polyethylene, metal-based fibers like steel and stainless-steel alloys, carbon-based fibers like PAN rayon and
mesophase pitch, and natural fibers like jute, sisal, bamboo, and coconut (Pakravan et al., 2017).

The primary purposes of high-modulus and high-strength fibers, such as asbestos, carbon, glass, steel, and others,
are to improve fracture toughness, fatigue resistance, and strain hardening following peak loads. Enhancing energy
absorption is just one of the many uses for high-elongation and low-modulus fibers like nylon, polyester, PET
(polyethylene terephthalate), polypropylene, and shredded tire waste (Farhan et al., 2021). There were relatively
few polypropylene and steel fibres used in research on nylon fibres. Nylon fibre is one of the most commonly used
synthetic fibres in daily life, aside from its use in concrete. The smooth, thermoplastic material known as nylon
can be melted and transformed into several films, fibres, or forms. Due to its exceptional hardness, toughness, and
durability, nylon fiber was selected for this research. Additionally, it is readily available in a wide variety of colors,
is dyeable, extremely abrasive, and resistant to filth and grime, with the added benefit of being cuttable into
different cross-sections.

Nylon is typically inert, hydrophilic, thermally stable, and resistant to a wide range of substances. Nylon effectively
enhances the flexural toughness, load-bearing capacity, and impact resistance of concrete after the initial crack
(Ahmad et al., 2022). NF has a high tensile strength, good water absorption, and strong wear resistance (Kumar &
Panneerselvam, 2016). Currently, society is growing rapidly, which means that more and more people are
demanding manufactured fiber. Producing a large amount of fibre requires significant energy and pollutes the
environment (Abiola et al., 2014; Anandamurthy et al., 2017; Park et al., 2004). Only a limited percentage of nylon
fibre waste may be recycled; the majority is buried or burned (Caggiano et al., 2017; Leone et al., 2018). We can
help the earth and the economy more if we utilize the fiber recovered from used fabric to make concrete (Merli et
al., 2020). Qin et al. (2019) examined the compressive performance of NFRC and Nylon Fibre Fabrics reinforced
concrete (NFFRC) throughout a 14-day curing period. They assessed the viability of substituting discarded Nylon
Fibre Fabrics for Nylon Fibre. In comparison to unreinforced materials, Spadea et al., 2015 significantly increased
the tensile strength and toughness of NFRC by using recycled nylon fibres from fishing net debris as tensile
reinforcement for mortars. As a result, waste fibre textiles can successfully improve concrete’s mechanical
qualities. The purpose of this study is to examine the strength of GGBS-based geopolymer-based concrete
strengthened fibers following a 28-day curing period. Nylon fiber was chosen for this experiment because of its
advantages.
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2 Materials & Methods
2.1 Materials

This study utilized Nylon Fiber Reinforced Geopolymer Concrete (NFRGC) in conjunction with GGBS, alkali
activator, and aggregates to make geopolymers. An alkali activator with a 2.5:1 ratio was prepared by combining
NazSiOz and NaOH. In this study, a 12M NaOH concentration was employed. It was accomplished by dissolving
the NaOH pellet to the appropriate concentration in distilled water. In the meantime, a ratio of 0.50 was chosen for
the alkali activator-GGBS ratio. All required materials were displayed inaframe in Figure}z_ﬂl: GGBS, NaOH pellet,

.

| \ G % & e oF
NaSiOj3 solution, nylon fiber, and appropriate mixing. All the ratios used in Table 1 pertain to GGBS formation.
Figure 1: (i) GGBS, (ii) NaOH pellet, (iii) Na,SiOs solution, (iv) Nylon Fiber & (v) proper mixing in a frame

_|

Table 1: Materials’ Chemical composition, density & specific surface area used in this research

Chemical Composition

] . . Specific
Materials S|02 A|203 F6203 CaO MgO 803 Nazo Kzo T|02 DenSlty Surface Area
% % % % % % % % % gricm? cm?/gr
GGBS 32 1711 041 3492 1124 180 024 094 049 291 4500-4700

2.2 Mix Proportion

In this investigation, four series of mixes were examined. Table 2 displays the specific experimental schedule and
mix ratios for each of the four series. The first mix, designated as the control series with no nylon fiber addition,
and marked as GPO. To partially replace NCA, the remaining three series of geopolymer concrete comprise 0.5%,
1.0%, and 1.5% (by volume) NF; they are marked as GP-0.5, GP-1.0, and GP-1.5.

Table 2: Percentage of materials in concrete mix

) GGBS Alk_aline NaO_H Na;Si_Os NaOH N_ylon Aggregate Supe_r Extra
Mix ID Activator Solution Solution Molarity Fiber plasticizer ~ Water
(kg/m?) (kg/m?) (kg/m?3) (kg/m?) M) (%) (kg/m?) (%) (kg/m3)
200
GP-0 400 (Na2SiOs: 57 143 12M 0% 1200 2% 12
NaOH =2.5)

GP-0.5 400 200 57 143 12M 0.5% 1200 2% 12

GP-1.0 400 200 57 143 12M 1.0% 1200 2.5% 10

GP-15 400 200 57 143 12M 1.5% 1200 3% 8

2.3 Experimental Procedure

Before homogenizing the mixture, aggregates, sand, and the appropriate amount of GGBS and alkaline activators
were combined. The concrete was thoroughly mixed and cured in accordance with ASTM C192/C192M-19. The
mechanical and durability properties of various mixes, such as compressive strength, splitting tensile strength,
flexural strength, water absorption, and volume of permeable voids, were determined after the concrete casting
and curing procedure was completed. ASTM C143 tested each combination using the Slump test. A compression
test was conducted on 150 mm x 150 mm x 150 mm cubic samples at 28 days, using ASTM C140 criteria. A
tensile splitting strength test was performed on cylindrical samples measuring 150 mm in diameter and 300 mm in
length, in accordance with the ASTM C496 standard. At 28 days, 100 mm x 100 mm x 300 mm specimens were
cast to determine their flexural strength features in accordance with the ASTM C78 standard. The percentage of
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voids in the concrete specimens after a 28-day curing period was ascertained using the volume of permeable voids
(VPV) and water absorption test following ASTM C642.

3 Results & Discussions
3.1 Mechanical Properties

Table 3 displays the mechanical and durability performance of geopolymer concrete reinforced with nylon fiber
and GGBS.

Table 3: Mechanical & Durability parameters of nylon fiber GGBS-based GPC

Compressive Spl'.t Flexural Water Volume of
Mix Slump Strength Tensile Strength Absorption Permeable
ID Strength Voids
(mm) (MPa) (MPa) (MPa) (%) (%)

GP-0 91 45.2 3.1 5.8 4.2 12.5
GP-0.5 86 48.6 3.6 6.4 3.8 11.2
GP-1.0 83 52.3 4.0 7.1 35 10.0
GP-1.5 79 49.8 3.8 6.8 3.9 10.8

3.1.1 Compressive Strength

The compressive strength improved by around 7.5% and 15.7%,

from 45.2 MPa in the control mix (GP-0) to a high of 48.6 MPa 3

and 52.3 MPa after 0.5% (GP-0.5) and 1% fiber addition (GP- Z

1.0). This improvement is attributed to the nylon fibers’ ability £

to bridge microcracks and slow the spread of cracks during the p

geopolymerization process, thereby increasing the load-bearing E

capacity. The compressive strength dropped to 49.8 MPa at a S

1.5% fiber concentration, most likely due to fiber agglomeration i

and the formation of weak areas in the matrix that hindered

efficient stress transfer. Figure 2 shows the compressive test o

results.

Figure 2: Compressive strength test result

3.1.2 Split Tensile Strength

404

A similar pattern was observed in split tensile strength, which
improved by 16.13% and 29% from 3.1 MPa in the control to 3.6
MPa and 4.0 MPa with 0.5% and 1% fiber addition. This
phenomenon demonstrates nylon fibers’ ability to resist cracking,
thereby increasing the material’s resistance to tensile stresses.
Excessive fibers limit future strength gains by compromising fiber
dispersion and interfacial bonding, as evidenced by a minor
decrease to 3.8 MPa at 1.5% dose. Figure 3 shows the split tensile 1
test results.

304

204

Split Tensile Strength (MPa)

GP-0 GP-0.5 GP-1.0 GP-1.5

Figure 3: Split Tensile strength test result
3.1.2 Flexural Strength

Additionally, flexural strength peaked at 6.4 MPa and 7.1 MPa for GP-0.5 and GP-1.0, respectively, compared to
5.8 MPa for the control, demonstrating the fibers’ role in enhancing the concrete’s ductility and post-cracking load
resistance. Flexural strength slightly decreased to 6.8 MPa at a 1.5% fiber dosage, indicating that higher fiber
concentrations compromised matrix compactness and uniform stress distribution. Figure 4 shows the flexural
strength test results. The graph presenting the flexural strength data is provided on the following page.
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Flexural Strength (MPa)
=
1

GPo GP-0.5 GP-1.0 GP-1.5

Figure 4: Flexural strength test result

3.2 Durability Properties

3.2.1 Water Absorption and Volume of Permeable Voids

Figure 5 demonstrates the results of the
research’s water absorption and volume Ve Ao
permeable voids test. The more fiber added, 43 — —— ———
the more water the geopolymer concrete
absorbed. The maximum water absorption
for geopolymer concrete is 3.8% when the +14 4 a
nylon fibers are present at a concentration of a0
1.0%. The reason for this is that this study
found that adding nylon fibers decreases
workability, which may lead to an increase
in pore formation. Water absorption was
4.2%, 3.8%, and 3.9% for additions of 0%, : )
0.5%, and 15% nylon fiber. The 36 ‘ 1
incorporation of nylon fibers influenced the
volume of permeable voids (VPV) in GGBS-
based geOpOIymer concrete. A notable H—o: 00 02 04 06 08 10 12 14 16
reduction in VPV was observed with fiber

addition up to 1.0%, where the lowest value
(10.0%) was recorded. Compared to the ) ) )
control mix (12.5%), the 0.5% and 1.0% Figure 5: Water absorption & volume permeable voids test result
fiber additions resulted in 10.4% and 20% reductions in VPV, respectively, indicating improved microstructural
densification due to fiber-induced packing effects. However, a slight increase to 10.8% at 1.5% fiber content
suggests possible fiber agglomeration and disruption of matrix continuity at higher dosages. These findings
indicate that a fiber content of 1.0% is optimal for minimizing permeable voids while maintaining microstructural
integrity in nylon fiber-reinforced geopolymer concrete.

=
i
1
nn

Volume of Permeable Voids (%)

Water Absorption (%
| B |

354 u
| |

Percentage of Nylon Fiber (%)

4 Conclusion

Nylon fibers showed a slight but significant impact on the durability and mechanical performance of GPC based
on GGBS. Due primarily to improved geopolymerization and the fibers’ capacity to control crack propagation, the
concrete mix with a 1% fiber dosage had the highest compressive strength of 52.3 MPa and flexural strength of
7.1 MPa. Additionally, the failure mode changed from brittle to more ductile without any indication of fiber pull-
out. Notwithstanding these advancements, increased fiber content compromises fresh characteristics by decreasing
slump values, reducing workability, and increasing porosity and water absorption due to fiber aggregation. To
support the broader objective of developing environmentally responsible alternatives to traditional cement-based
systems, this study aimed to assess the feasibility of utilizing nylon fibers as a reusable reinforcement material that
can enhance the performance of geopolymer concrete. The results demonstrate that although nylon fibers can
improve ductility and provide certain mechanical benefits, their drawbacks at greater contents need to be carefully
taken into account. This article promotes further research into the types, geometries, and surface treatments of
fibers to maximize the potential for long-lasting and high-performance geopolymer composites.

254



M. S. Ahmed, M. T. Islam, M. Moniruzzaman, Z. Tasnim, M. Hasan & M. R. Awall
ICCEI 2025

Acknowledgement

The authors are deeply grateful for the assistance provided by the professionals from the Department of BECM
and Civil Engineering, Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh.

5 References

Abiola, O. S., Kupolati, W. K., Sadiku, E. R., & Ndambuki, J. M. (2014). Utilisation of natural fibre as modifier
in bituminous mixes: A review. Construction and Building Materials, 54, 305-312.

Ahmad, J., Zaid, O., Pérez, C. L. C., Martinez-Garcia, R., & Lépez-Gayarre, F. (2022). Experimental Research on
Mechanical and Permeability Properties of Nylon Fiber Reinforced Recycled Aggregate Concrete with
Mineral Admixture. Applied Sciences 2022, Vol. 12, Page 554, 12(2), 554.

Almutairi, A. L., Tayeh, B. A., Adesina, A., Isleem, H. F., & Zeyad, A. M. (2021). Potential applications of
geopolymer concrete in construction: A review. Case Studies in Construction Materials, 15, e00733.

Anandamurthy, A., Guna, V., llangovan, M., & Reddy, N. (2017). A review of fibrous reinforcements of concrete.
Journal of Reinforced Plastics and Composites.

Baykara, H., Cornejo, M. H., Espinoza, A., Garcia, E., & Ulloa, N. (2020). Preparation, characterization, and
evaluation of compressive strength of polypropylene fiber reinforced geopolymer mortars. Heliyon, 6(4),
e03755.

Caggiano, A., Folino, P., Lima, C., Martinelli, E., & Pepe, M. (2017). On the mechanical response of Hybrid Fiber
Reinforced Concrete with Recycled and Industrial Steel Fibers. Construction and Building Materials, 147,
286-295.

Farhan, K. Z., Johari, M. A. M., & Demirboga, R. (2021). Impact of fiber reinforcements on properties of
geopolymer composites: A review. Journal of Building Engineering, 44, 102628.

Gurbuz, A., Akbulut, U., & Ozsaban, M. (2014). Comparison of Energy Performance and Static Loads on a
Building Integrated Wind, Solar, and Rainwater Harvester. Progress in Exergy, Energy, and the
Environment, 875-884.

Kumar, S., & Panneerselvam, K. (2016). Two-body Abrasive Wear Behavior of Nylon 6 and Glass Fiber
Reinforced (GFR) Nylon 6 Composite. Procedia Technology, 25, 1129-1136.

Leone, M., Centonze, G., Colonna, D., Micelli, F., & Aiello, M. A. (2018). Fiber-reinforced concrete with low
content of recycled steel fiber: Shear behaviour. Construction and Building Materials, 161, 141-155.

Merli, R., Preziosi, M., Acampora, A., Lucchetti, M. C., & Petrucci, E. (2020). Recycled fibers in reinforced
concrete: A systematic literature review. Journal of Cleaner Production, 248, 119207.

Mermerdas, K., Algin, Z., Oleiwi, S. M., & Nassani, D. E. (2017). Optimization of lightweight GGBFS and FA
geopolymer mortars by response surface method. Construction and Building Materials, 139, 159-171.
Pakravan, H. R., Latifi, M., & Jamshidi, M. (2017). Hybrid short fiber reinforcement system in concrete: A review.

Construction and Building Materials, 142, 280-294.

Park, S. B., Lee, B. C., & Kim, J. H. (2004). Studies on mechanical properties of concrete containing waste glass
aggregate. Cement and Concrete Research, 34(12), 2181-2189.

Pompigna, A., & Mauro, R. (2022). Smart roads: A state of the art of highways innovations in the Smart Age.
Engineering Science and Technology, an International Journal, 25, 100986.

Qin, Y., Zhang, X., & Chai, J. (2019). Damage performance and compressive behavior of early-age green concrete
with recycled nylon fiber fabric under an axial load. Construction and Building Materials, 209, 105-114.

Singh, A., Vaddy, P., & Biligiri, K. P. (2020). Quantification of embodied energy and carbon footprint of pervious
concrete pavements through a methodical lifecycle assessment framework. Resources, Conservation and
Recycling, 161, 104953.

Spadea, S., Farina, I., Carrafiello, A., & Fraternali, F. (2015). Recycled nylon fibers as cement mortar
reinforcement. Construction and Building Materials, 80, 200-209.

Sukontasukkul, P., Pongsopha, P., Chindaprasirt, P., & Songpiriyakij, S. (2018). Flexural performance and
toughness of hybrid steel and polypropylene fibre reinforced geopolymer. Construction and Building
Materials, 161, 37-44.

Veza, |, Farid, M., Said, M., Widodo, T., Riyadi, B., Abas, M. A., & Latiff, Z. A. (2021). Issues in the Science
and Engineering Education in Indonesia: How to Improve Competitiveness Through STEM Mastery.
International Journal of Advanced Research in Future Ready Learning and Education, 24(1), 1-6.

Wang, Y., Aslani, F., & Liu, Y. (2020). The effect of tensile and bond characteristics of NiTi shape memory alloy,
steel and polypropylene fibres on FRSCC beams under three-point flexural test. Construction and Building
Materials, 233, 117333.

255



