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ABSTRACT

The utilization of recycled fibers as reinforcing constituents in construction materials has attracted
increasing attention from researchers. Specifically, recycled plastic fibers have become more attractive
owing to their large-scale availability, cost efficiency, sustainability, and low environmental footprint.
In this study, recycled plastic fibers extracted from packaging straps were incorporated. These fibers
were used at volume fractions of 0.5% and 1% to investigate the mechanical performance and damage
behavior of concrete, while concrete without fibers served as control specimens. The mechanical
performance was evaluated through compressive, flexural, and torsional tests. In the flexure test, the
midpoint deflection and strain were measured by three-point bending of beams. In the torsion test, the
angle of twist and strain were determined to assess the load-bearing capacity and ductile performance of
the fiber-reinforced concrete. The results indicated that the fiber incorporated concrete specimens had
lower compressive strength than the control specimen with a reduction of around 25% and 30% for 0.5%
and 1% plastic fiber, respectively. In flexure and torsion tests, fiber-reinforced beams exhibited
considerably lower load-carrying capacity compared to control specimen. However, in flexure, the
control specimen showed greater mid-span deflection and strain, whereas in torsion, fiber incorporated
beams exhibited improved ductility. For example, in the torsion test, fiber mixes demonstrated strain
increases of approximately 42% and 30% for 0.5% and 1% fiber, respectively, compared to the control.
Although the angle of twist before cracking was higher in the control specimens, fiber-reinforced beams
exhibited greater post-cracking strain capacity. In structures where ductility is a primary requirement,
recycled plastic fibers can be employed as a feasible material, especially when a marginal reduction in
compressive strength is acceptable. Considering the importance of both mechanical properties and
environmental impact from a circular economy perspective, these recycled fibers appear to hold potential
for use in innovative and cost-effective structural applications.
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1. INTRODUCTION

Concrete is one of the most widely used construction materials, second only to water in global
consumption, and vital to the health and safety of the global population (Ming et al., 2021). However,
cement production is expected to produce 4.4 billion tons annually and also responsible for nearly 8%
of global CO; emissions due to its energy-intensive processes (Damtoft et al., 2008). Since the rising
demand is expected to go beyond 5.5 billion tons by 2050, developing sustainable alternatives has
become crucial to reducing the building industry's environmental impact (Lehne & Preston, 2018).
Despite these environmental concerns, cement remains indispensable in the construction industry. In
most of the developing countries, the strategy of overcoming environmental challenges is addressed by
reuse and recycling of waste and renewable resources for building materials. This recycled waste can
be utilized as an aggregate and fiber as a replacement of natural raw materials which can assist in making
green and environmentally sustainable structure (Onuaguluchi & Panesar, 2014). To overcome and
enhance the limitation of conventional concrete especially tensile strength, ductility, energy absorption,
shrinkage and crack resistances concrete mixtures have begun to incorporate various types of fiber
(Merli et al., 2020; Foti, 2013). Moreover, using recycled fibers not only enhances mechanical
performance but also reduces industrial waste, supporting circular economy practices (Merli et al.,
2018). There has been plenty of research on different recycled fibers over the years. But among the
recycled fibers that has been studied by the researchers, recycled plastic fibers are the most studied
(Merli et al., 2020). This is due to their wide availability and low cost. The use of plastic in our daily
life has proven its inseparability with its remarkable properties. It is almost present in all types of
commercial products and has become a major commodity on a worldwide scale. From the start of large-
scale production in 1950 until 2015 about 6300 million tons of plastic waste are produced, and the
number is still growing (Liu et al., 2021). With a target of making green concrete, the plastic can be
used as a fiber in concrete which will make it a sustainable construction material, at the same time
enhancing the performance of concrete. Due to its significant influence on global economic,
environmental, and social development, the industry can play a crucial role in achieving the United
Nations Sustainable Development Goals (United Nations General Assembly, 2015). The 17 sustainable
development goals can be achieved by the solution of green concrete production. Green concrete
supports global sustainability goals by promoting durable, low-impact construction through waste
material utilization. The present study focuses on using recycled PET fibers from packaging straps to
enhance sustainability while maintaining mechanical performance. The fibers were incorporated in
different volume fractions. Several literatures have shown that incorporating recycled plastic fibers in
concrete generally reduces its mechanical properties, including compressive strength, tensile strength,
modulus of elasticity, and unit weight (Rai et al., 2012). A study by (Ming et al., 2021) reported a
decline in compressive strength in cement-based composites with varying PET fiber contents and
lengths. Similarly, (Kim et al., 2010) observed reductions in both compressive strength and elastic
modulus with increasing PET fiber content, though fibers helped delay drying shrinkage cracks. In
contrast, (Guendouz et al.,2016) found up to a 25% increase in compressive strength at 1.5% fiber
content, while (de Oliveira & Castro Gomes, 2011) and (Pelisser et al., 2012) reported no such
improvement. In terms of flexural strength, the behavior of fiber-reinforced concrete has shown varying
trends. (Kim et al., 2010) reported that incorporating PET and PP fibers of below a 0.5% volume fraction
in RC beams improved ductility and ultimate load-bearing capacity by up to 1000% and 30%,
respectively. However, further increases in fiber content reduced the ductility index and energy
capacity. Similarly, a study by (Pesi’c et al., 2016) using high-density polyethylene fibers with contents
between 0.4% and 1.25% showed consistent improvement in the flexural strength of cement-based
composites. (Thomas & Moosvi, 2020) observed that a decline in concrete strength at higher fiber
dosages, though waste fibers were found to hinder crack propagation and transfer internal stresses,
thereby enhancing flexural performance. Several studies observed that flexural strength decreases
slightly as fiber size and percentage increase; on average, a 9% reduction in the flexural strength was
reported due to the addition of recycled plastic fiber in concrete (Ming et al., 2021). Existing research
illustrates that the torsional capacity, ductility, and crack resistance of concrete are significantly
increased by the inclusion of fibers, particularly when steel fibers are used. (Amin & Bentz, 2018) and
(Facconi et al., 2021) reported increases of 34—69% in torsional capacity with different fiber volumes,
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while (Patil et al., 2016) achieved up to 54.8% improvement at 1.5% fiber content. The findings indicate
that steel fibers enhance the stiffness and ductility of concrete by bridging cracks and delaying failure.
(Hassan et al., 2020) also reported that fiber geometry significantly influences torsional resistance, with
longer fibers providing superior performance. While most previous studies have focused on
conventional fibers, steel fibers typically yield the greatest strength of improvements, whereas synthetic
fibers primarily enhance ductility. Investigating the use of recycled PET fibers processed from carton
strapping is warranted, as these fibers may improve torsional behavior while reducing waste, lowering
production costs, and minimizing environmental impact. This study therefore examines the
compressive, flexural, and torsional performance of concrete incorporating 0% (PC), 0.5% (RPFRC-
0.5), and 1% (RPFRC-1) recycled PET fibers by volume, with particular emphasis on strain response,
deflection characteristics, and crack development.

2. METHODOLOGY

2.1 Materials

The recycled plastic fiber used in this study was Polyethylene terephthalate (PET), in the form of
packaging strap fibers. The PET strap fibers were cut into lengths of 35 mm and widths of 2 mm, with
hooked ends of 5 mm on both sides, resulting in an effective embedded length of 25 mm. The fiber has
an average thickness of 1 mm (Figure 1). The target strength of concrete was 30 MPa. Fiber volume
fractions of 0%, 0.5%, and 1.0% were adopted for recycled PET fibers. For the binder material, CEM
II/B type cement was used. The coarse aggregate consisted of ¥-inch crushed stone, while the fine

aggregate comprised a blend (1:1) of river sand with a fineness modulus (FM) of 1.65 and selected sand
with an FM of 2.65.
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Figure 1: Fiber preparation

2.2 Specimen Preparation

The standard cylinder specimens (100 mm x 200 mm) were cast to evaluate compressive performance,
and twelve prismatic beams (150 mm x 150 mm x 600 mm) were prepared for flexural and torsional
tests. Each fiber variation included three cylinders and four beams (Table 1). The specimens were
demoulded after 24 hours and then cured using burlap with water for 28 days to ensure the quality of
concrete.

Table 1: Summary of specimens and tests performed

Designation Description No. of Cylinders  No. of Beams Tests Performed
PC Plain Concrete 3 4 Compressive, Flexure,
0% Fiber content Torsion
RPFRC-0.5 PET Strap FRC 0.5% of 3 4 Compressive, Flexure,
Volume Torsion
RPFRC-1 PET Strap FRC 1% of 3 4 Compressive, Flexure,
Volume Torsion
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2.3 Test Setup

Compressive Strength Test

Compressive strength tests were carried out in accordance with (ASTM C39, 2018) using a universal
testing machine (UTM). Cylindrical specimens (100 mm x 200 mm) were loaded axially until failure.
Axial deformation was monitored using compressometer (Figure 3b). The resulting stress—strain data
were used to evaluate stiffness, ductility, and compressive behaviors.

Flexure Strength Test

Flexural behavior was evaluated using a three-point bending test (ASTM C78, 2018). Beam specimens
measuring 150mm x 150mm x 600 mm had a clear span of 450 mm between supports (Figure 7a). A
mid-span load was applied at a constant rate until failure. Mid-span deflection was recorded with a dial
gauge, and strain gauges affixed to the bottom tension face measured surface strain. Load—deflection
curves were generated for each mix to assess flexural capacity, crack resistance, and post-crack
behavior.

Torsional Strength Test

Torsional strength tests were conducted on beam specimens identical to those used in the flexural tests,
using a custom-fabricated test frame made from an [-beam, plates and bolts (Figure 2). Each specimen
was clamped at both ends using 6-mm-thick steel plates. A 203 mm (8-inch) lever arm was attached to
each end to apply torque through controlled vertical loading. The applied torque was computed as the
product of the applied load and lever arm length. A CBR proving ring was used to measure the applied
load, which was subsequently calibrated using a calibration equation. A dial gauge was placed beneath
the lever arm to measure its vertical displacement which was subsequently used to calculated the angle
of twist, while strain gauges were attached to the most vulnerable surface at an angle of 45°. All
specimens were water-cured for 28 days. Before installing strain gauges, beam surfaces were sanded
with 80- and 120-grit papers, cleaned with alcohol, and the gauges bonded using pressure-sensitive
adhesive (Figure 3c and 3d).

Dial Gauge

I-Beam

Lever Arm

Connecting Bolts

Holding Plates

Bearing/Rotating System

Lever Arm Deflection
Reading

Figure 2: Torsion setup
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Figure 3: a) Installation of compressometer, b) Curing of cylinders, ¢) Strain gauge for
flexural test, d) Strain sauge for torsional test

3. RESULT AND DISCUSSION

3.1 Workability

Workability refers to the behavior of fresh concrete and is defined as the internal work required to
achieve full compaction (Neville & Brooks, 1987). It is well-established in the literature that the
physical, mechanical, and durability performance of concrete can be significantly influenced by its fresh
properties (Mehta and Monteiro, 2006). The workability was evaluated using the slump test (ASTM
C143, 2012), and the results, shown in (Figure 4), indicate a reduction of slump due to the addition of
recycled plastic fiber. Numerous studies have revealed that the increase in fiber percentage reduces
workability of fresh concrete mixtures. In a study conducted by (Bhogayata and Arora, 2017) on
metalized recycled plastic fibers with different lengths and volume fractions, an increase in fiber length
and volume percentage caused a significant reduction in slump value. The experimental study also
explained the possible causes of this behavior. The addition of fibers reduces mix consistency and
increases viscosity. Additionally, the fiber engages a substantial amount of cement paste due to its larger
surface area compared to the typical components of the concrete. The fibers obstruct the movement of
the concrete mixture by forming a structure akin to a mesh that holds the cement, fine aggregate, and
coarse aggregate together. Similarly, (Khatab et al., 2019) found reductions of slump of 16%, 37% and
50% due to the addition of 0.1% ,0.25% and 0.5% fiber, respectively. Higher aspect ratio further reduces
the slump. The fiber used in that study is also extracted from strapping straps but the surface was
smoother. The ability of fiber to prevent the flowability of the concrete mixture and increasing surface
area of the mixed constituents causes the reduction. Moreover, fiber—aggregate interactions and cross-
linking effects contribute additional resistance to flow, further lowering slump values.

3.2 Compressive strength

Compressive strength is a vital mechanical property that represents concrete’s performance and quality
(Neville and Brooks, 1987). Compressive strength tests were conducted on standard cylindrical
specimens (ASTM C39, 2014) after curing for 28 days using a UTM and compressometer (Figure 3a).
The control mix (0% PET fiber) demonstrated the highest compressive performance, with an average
compressive strength of 32.2 MPa, the average strain at ultimate load was 0.00214895, while RPFRC-
0.5 and RPFRC-1 exhibited ultimate strain of 0.002075131 and 0.001853675, respectively (Figure 5).
These results validate the typical brittle and stiff behaviour of plain concrete. The addition of 0.5% and
1% fibers reduced compressive strength to 24.15 and 22.46 MPa - 25% and 30% lower than the control.
Similar results have been found in the literature; a study (Bhogyata and Arora, 2017) utilizing PET
fibers of different lengths (5 mm, 10 mm, and 20 mm) and volume fractions (0.5%, 1%, 1.5%, and 2%)
observed a marginal reduction in compressive strength at lower fiber contents, while higher fiber
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volumes resulted in a more pronounced decrease. Overall, increasing fiber length led to reduced
compressive strength.
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Figure 6: a) PC, b) RPFRC-0.5, ¢c) RPFRC-1

The reduced compressive strength may be due to the reduced bonding between the aggregate and
cement paste when recycled plastic fiber is used. It may also result from internal structural defects in
the recycled plastic fiber, which reduce the tensile strength and stiffness of the concrete. However,
adding PET as a fiber to the concrete mix increases the compressive strength if the addition ratio remains
below 0.4%, according to several usage evaluation studies (Askar et al., 2023). The primary reason for
this reduction in compressive strength is the presence of pores and micro-defects, which are uncommon
in high-strength concrete due to its dense and compacted internal structure. Nevertheless, the addition
of fibers increases the matrix's voids and imperfections, resulting in weak spots that facilitate the
initiation and propagation of cracks (Mohammed and Rahim, 2020). Comparably, several studies have
discovered a drop in compressive strength when assessing the mechanical behavior of concrete and
cement mortars containing waste PET fibers of different lengths and volume percentage (Ahmed et al.,
2021). In a related study on mortar specimens, no improvement in compressive strength was observed
at 1% PET fiber content, while a noticeable reduction occurred at 1.5% fiber addition (Orasutthikul et
al., 2017). The reduction in concrete strength is caused by the addition of fibers, which create more
voids in the mix. Consequently, the negative effects of these air voids on compressive strength were
more apparent than the fibers capacity to restrict crack openings. This outcome might be advantageous
when ductile performance is required (Belmokaddem et al., 2020). The hooked end of the fiber used in
this study was expected to absorb more energy during the crack propagation. In a study (Borg et al.,
2016), the strength reduction was higher for straight fiber in lower dosage, whilst the deformed fiber
effect was noticed in higher dosage. The (Figure 6a-c) shows the crack patterns of the cylinder
specimen. The control specimen shows vertical crack pattern running through caps with no well-defined
cone on another end. Whereas, the RPFRC-0.5 and RPFRC-1 mostly show inclined shear crack which
possibly due to the crack bridging by the fiber.
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3.3 Flexural Strength

Flexural strength, also known as modulus of rupture, represents the stress at failure in a flexure test and
is a key indicator of concrete’s tensile behavior. Several studies have been claiming the increase in
flexural strength when WRPF (Waste Recycled Plastic Fiber) was included in concrete (Ming et al.,
2021). An investigation by (Marthong & Marthong, 2016) revealed that the maximum flexural strength
improvement is achievable with waste recycled plastic FRC at 0.5% fiber content in cement-based
concrete. Moreover, increasing the fiber content beyond 0.5% resulted in a reduction in the concrete
flexural strength compare to control mix.
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Figure 8: Flexural strength of beams Figure 9: Load vs deflection of beams

In this study, the control mix achieved 5.15 MPa, while 0.5% and 1% fiber mixes showed 11% and 5%
lower flexural strength, respectively (Figure 8). The RPFRC-1 performed better compare to RPFRC-
0.5 with a difference of 0.28 MPa. Moreover, the mid-span deflection also did not exhibit significant
improvement in terms of fiber addition. The control specimen shows a deflection of around 1 mm while
the 0.5% and 1% fiber revealed a deflection of 0.78mm and 0.82mm which are 21% and 17% lower
compared to control specimen, respectively (Figure 9). In terms of strain behaviour at mid-span, the
control specimen exhibited the highest strain of 0.00023, followed by the 1% PET specimen at 0.0002,
and the lowest strain was observed in the 0.5% PET specimen, which measured 0.00017. On average,
waste recycled plastic fiber reinforced concrete samples exhibited about a 9% lower flexural strength
compared to plain concrete specimen. The slight reduction in load capacity possibly attributable to the
lower workability of concrete (Figure 4) and lower modulus of PET compared to the cementitious

ICCESD_2026_0807_7



Proceedings of the 8" International Conference on Civil Engineering for Sustainable Development
(ICCESD 2026), 5~7 February 2026, KUET, Khulna, Bangladesh

matrix, which may limit stiffness gains. Besides, there is a possibility that the hooked ends of strap
fibers contributed to effective crack bridging, enabling the fiber reinforced beams to maintain
competitive load resistance and reducing brittleness in post-cracking behavior. This reduction also
merges with the research (Fraternali et al., 2014) where experimental results showed that increasing
fiber content caused a marginal decrease in flexural strength for various fiber dimensions. However,
(Kim et al., 2010) stated that the enhanced crack resistance by PET fiber delays the occurrence of
cracking, reinforcement debonding, and spalling of the concrete cover caused by macro-crack
propagation, thereby enhancing the overall stability of the structural RC member. Consequently, this
delay leads to a rise in both the ductile performance and flexural strength of the RC member.
Furthermore, the improvement in the flexural strength of concrete composites is mainly due to the fibers
in the tension zone, which resist tensile stresses, delay the formation of microcracks, and strengthen the
microcrack bridging effect (de Oliveira & Castro-Gomes, 2011). But the fiber used in this study didn’t
show any influence of improving its crack mechanism and energy absorption. However, improper
concrete placement and pouring could reduce this flexural strength by void formation and pores in the
matrix. The crack pattern followed a common trend in this study. All the specimen failed at the exact
mid span in the tension zone (Figure 7b-d). Also, the fiber dispersion can also be seen in (Figure 7e).
The hooked end enhanced the pull-out resistance in a manner that the fibers are still inside the concrete.

3.4 Torsional Performance

Torsional tests were conducted on control and RPFRC under torsional loading. The results showed
distinct performance differences among the three specimens containing 0%, 0.5%, and 1% recycled
plastic fiber. There are very limited studies examining torsional behavior of plastic fiber-reinforced
concrete. The tortional test results of this study (Figure 10) illustrated that, the control specimen had the
highest crushing load of 38.3 kN, while 0.5% and 1% fiber mixes showed 17% and 38% reductions,
respectively. Thus, no significant strength improvement was observed with fiber addition. The control
specimen had highest lever-arm deflection of 10.94 mm. Whereas, the specimen with 0.5% and 1%
fiber exhibited 7.6 mm and 7.1 mm deflection, respectively. However, the strain exhibited a significant
improvement with a more ductile behaviour, as the 0.5% fiber incorporation illustrated a strain of
0.00029 which is almost 53% higher than that of control specimen (Figure 11). Furthermore, the
specimen with 1% fiber also stated some improvement in strain with around 36% compared to control
specimen. The angle of twist for control, 0.5% and 1% was 0.03913°, 0.02719444° and 0.025406°,
respectively (Figure 12). The crack of the control specimen was initiated more to the side of the beam
closer to the supports while the RPFRC-0.5 and RPFRC-1 show crack somewhere middle of the
specimens maintaining approximately 40-45° angle, (Figures 13). The reviewed studies indicate that
adding fibers to concrete improves its torsional strength, ductility, and resistance to cracking. While
steel fibers have shown 28.6—49.5% improvements in torsional capacity for 0.5%-1% volume of the
fibers (Hameed & Al-Sherrawi, 2018), PET fibers in this study did not enhance strength but improved
ductility, indicating potential for applications where deformation capacity is essential.
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4. CONCLUSIONS

This study evaluated the behavior of concrete integrated with recycled plastic fiber. The results are
summarized below for compressive, flexural and torsional loading conditions:

i.  The experimental outcomes indicated that the incorporation of recycled plastic fibers reduced
the compressive strength by approximately 25% and 30% for RPFRC-0.5 and RPFRC-1,
respectively. However, the RPFRC-1 exhibited the lowest strain.

ii.  In flexure test, the mid-span deflection was higher for control specimen (PC) in comparison to
RPFRC-0.5 and RPFRC-1. Furthermore, the concrete did not show the ductile behavior as the
maximum strain was found for 0.00023 for PC and reduced around 15% and 26% for RPFRC-
0.5 and RPFRC-1. The cracks were initiated at the mid span failed due yield of tension zone’s
bottom fiber.

iii.  The torsional test results revealed that the control specimen exhibited the highest lever-arm
deflection (10.94 mm), while 0.5% and 1% PET fiber mixes showed reduced deflections of 7.6
mm and 7.1 mm, respectively. Despite the decrease in crushing load and angle of twist, the
incorporation of PET fibers significantly enhanced strain capacity and ductile behaviour, with
the 0.5% mix achieving about 53% higher strain than the control. The observed crack patterns
demonstrate that the inclusion of fibers delayed crack initiation and shifted the failure
mechanism from brittle to more ductile modes. While torsional strength remains unchanged,
the increased ductility indicates that recycled PET fibers may be advantageous in applications
where deformation capacity and energy absorption are prioritized over ultimate strength.
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