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Abstract

This study investigates the effect of Polyvinyl Chloride (PVC) fibers on the mechanical properties of brick
aggregate concrete (BAC). Concrete was prepared using a volumetric mix of 1:2:4 with a water-to-cement ratio
of 0.50. PVC fibers were added to the mix at proportions of 0%, 0.25%, 0.40%, and 0.47% by weight of cement.
Cylindrical (100mmx200mm) and prismatic (150mmx150mmx500mm) specimens were cast and cured for 28
days. Mechanical properties were assessed through compressive strength, split tensile strength, and flexural
strength tests. The results demonstrated that BAC incorporating PVC fibers (up to 0.47%) exhibited higher
compressive strength than the control BAC, with the peak value observed at 0.40% fiber content, representing a
19.5% increase compared to the control. Split tensile and flexural strength also improved with increasing fiber
content up to 0.47%. The highest split tensile strength was observed with 0.40% PVC fibers, representing an
8.3% increase compared to the control BAC. However, the highest flexural strength was achieved with 0.47%
PVC fibers, representing a 55% improvement compared to the control BAC. This study also outlines the
correlations between compressive strength and other mechanical properties. Overall, mechanical properties of
BAC were enhanced up to 0.47% of PVC fibers by weight of cement.
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1 Introduction

The global rise of plastic waste has become a major environmental concern, with over 400 million tons produced annually in
2024 (IUCN, 2024). Of this amount, almost 316 million tons (79% of total volume) are used as landfills or open dumps, and
about 14 million tons (3.5% of total volume) are discharged into oceans (National Geographic, 2018). These plastics persist
for centuries and severely impact ecosystems, aquatic life, and air and water quality. To address these challenges, researchers
are trying to recycle PW and utilize it as a novel construction material, especially in concrete. This is specifically relevant
since concrete inherently suffers from low tensile strength, limited strain capacity, and a brittle failure mode (Simdes et al.,
2017). Many concrete scientists (Babu and Babu, 2003; Saikia and Brito, 2014; Sau et al., 2024; Yang et al., 2015) have
incorporated plastics, including polyethylene, polypropylene, and polystyrene as partial replacements of fine aggregates in
concrete, while others (Dong et al., 2022; Islam et al., 2023; Kaliyavaradhan and Ling, 2019; Kanda and Li, 1998; Meena et
al., 2022; Zhihong et al., 2022) have incorporated different plastics, such as polyvinyl alcohol, polyvinyl chloride,
polyethylene terephthalate, and nylon, into concrete in tunnel linings, blast-resistant concrete, concrete overlays, and rigid
pavements as fiber contents. Among these, polyvinyl chloride (PVC) fibers have recently attracted growing interest for their
ability to enhance ductility, energy absorption, and tensile and flexural strength (Akca et al., 2015). About 5.5 million tons of
PVC cables and wires were produced globally from 2017-2018 (Miliute-Plepiene et al., 2021), whereas nearly 2,800 tons are
produced annually in Bangladesh (Waste Concern, 2021). In order to manage this solid waste, they are burned, which
produces harmful gases, or discarded here and there, leading to environmental pollution. Therefore, recycling PVC cables and
wires into fiber can be an effective solution.

In recent eras, hazardous industrial and electronic plastic waste has been used in concrete as aggregate or fiber reinforcement.
Koerner and Koerner (2018) noted that more than 50% of PVC fibers have been used in construction due to their capacity to
improve concrete deformability. It can improve cracking resistance, flexural performance, pull-out strength, and thermal
durability (Aiello et al., 2009; Kim et al., 2010). Similarly, Mashaan and Ouano (2025) suggested that PVC fibers slightly
improve compressive, tensile, and flexural strength, though excessive fiber content can reduce strength due to poor bonding
in the interfacial transition zone caused by the hydrophobic nature of fibers. Meanwhile, Kumar and Baskar (2015) observed
that PVC fibers can reduce workability due to their irregular particle shape and smooth surfaces.

Although many studies (Aiello et al., 2009; Akga et al., 2015; Islam et al., 2023; Kaliyavaradhan and Ling, 2019; Kim et al.,
2010; Kumar and Baskar, 2015; Mashaan and Ouano, 2025; Zhihong et al., 2022) have focused on the properties of concrete
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incorporating PVC fibers, these studies have mainly used stone chips as coarse aggregate in producing concrete. As far as the
authors are concerned, there is still a significant research gap in the study of brick aggregate concrete (BAC) with PVC fibers,
in which brick chips are utilized as coarse aggregate. This study focuses on BAC because of the scarcity of stone chips in
Bangladesh, where brick chips are locally available and have been significantly used in concrete construction. Moreover,
stone chips are required to be transported from other regions to the construction sites, leading to an increase in construction
costs. The popularity of brick chips has increased among concrete researchers in this region due to their availability,
affordability, and lightweight nature. Another major research gap is the availability of data on the relationships between
compressive strength and other mechanical properties of BAC with PVC fibers. Therefore, the study on the effect of PVC
fibers on the mechanical properties of BAC is not only meaningful but also significant.

2 Materials and Methodology

2.1 Materials

To launch the experimental works, locally available river sand was utilized as the fine aggregate, and 19 mm
downgraded crushed brick was employed as the coarse aggregate. Ordinary Portland Cement (OPC) was
collected from the local market and used as the binding material. The PVC fibers, with dimensions of 25 mm in
length and 2 mm in width, were collected from an industry in Bangladesh and used as the reinforcement.
Laboratory drinking water was utilized for mixing and curing.

2.2 Tests on Materials

Several tests were carried out as per ASTM standards to evaluate the properties of the raw materials. The test
methods and key characteristics of the materials are presented in Table 1. The results are consistent with findings
reported in previous studies (shown in Table 1). The properties of OPC are presented in Table 2 and compared
against the ASTM specification limits, which confirm that the cement is classified as ASTM Type L.

Table 1. Properties of materials.

Coarse aggregate Fine aggregate PVC fibers
Properties of materials Unit Test standard Present  Noaman et Present Noamanet Present Kurup and  Tulianelli et al.
study al. (2018) study al. (2018) study Kumar (2017) (2010)
Fineness modulus - ASTM C136(2019) 7.69 7.0 2.58 3.11 - -
Bulk specific gravity g/ce ASTM C127(2007) 1.81 2.56 - - 1.33 1.40
Specific gravity (SSD) g/ce ASTM C128(2015) - - 2.65 2.65 - -

Unit weight kg/m®>  ASTM C29(2017a) 1066 925 1691 1504 1355 -
Water absorption % ASTM C127(2007) 14.00 16.38 4.00 1.01 0.0 0.035
Moisture content % ASTM C566(2013) 2.25 - 5.26 2.56 - -

Table 2. Properties of OPC.
Engineering properties Unit Test standard Present study ASTM C150 (2021)

Residue (45um ) % ASTM C430 (2008) 5 <10

Unit weight kg/m? ASTM C188 (2017) 1440 -
Normal consistency % ASTM C187(2016) 33 28-32
Setting time Initial min ASTM C191(2021) 60 >45
Final min ASTM C191(2021) 330 <375

Compressive 3days MPa ASTM C109(2016a) 22.30 12

strength 28 days MPa ASTM C109(2016a) 33.40 28

2.3 Mixing of Materials

The details of the mix materials used to produce 1 m*® of BAC incorporating PVC fibers are presented in Table 3.
The concrete was prepared with a mix proportion of 1:2:4 (cement: fine aggregate: coarse aggregate) and a
water-to-cement ratio of 0.50. PVC fibers were added at 0%, 0.25%, 0.40%, and 0.47% by weight of cement.

Table 3. Details of materials in making 1 m® BAC incorporated PVC fibers.

Mix Cement (kg) PVC fibers (kg) Fine aggregate (kg) Coarse aggregate (kg) Water (kg)
BACO 308.57 0 727.13 916.76 154.29
BACO0.25 308.57 0.77 727.13 916.76 154.29
BACO0.40 308.57 1.23 727.13 916.76 154.29
BAC0.47 308.57 1.45 727.13 916.76 154.29

Note: BACO to BAC0.47 denote BAC containing 0% to 0.47% PVC fibers, respectively.

A tilting-type mixer was used to ensure uniform blending. Initially, all dry constituents, including cement,
aggregates, and PVC fibers, were mixed for approximately one minute to achieve uniform distribution. Water
was then gradually added, and the mixture was blended for an additional 2 to 3 minutes.

2.4 Preparation of Specimens
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Steel cylinder molds (100 mm in diameter and 200 mm in height) and prism molds (150 mm x 150 mm x 500
mm) were brushed, cleaned, and tightened using nut-bolts. The inner surfaces of the molds were coated with oil
to facilitate easy demolding. The fresh concrete was then placed into the molds as per ASTM C31 (2022) and
kept undisturbed for 24 hours in the laboratory. After 24 hours, the specimens were demolded, marked, and
immersed in a curing tank for 7, 14, and 28 days.

2.5 Tests on Specimens

After the specified curing periods, compressive strength, split tensile strength, and flexural strength tests on BAC
with PVC fiber (0%-0.47%) specimens were conducted as per ASTM C39 (2021), ASTM C496 (2011), and
ASTM C293 (2016), respectively. For each dosage level, three specimens were tested, and their average values
were reported.

3 Results and Discussion

3.1 Mechanical Properties of BAC with PVC fibers

Figure 1 illustrates the mechanical properties, including (a) compressive strength, (b) split tensile strength, and
(c) flexural strength, of BAC with several percentages of PVC fibers, as discussed in the following sections.

3.1.1 Compressive Strength

The compressive strength of BAC with different percentages of PVC fibers (0%, 0.25%, 0.40%, and 0.47%) for
7, 14, and 28 days of curing is illustrated in Figure 1(a). The figure shows that compressive strength increases
with increasing fiber content. At 7, 14, and 28 days, the strength of BAC with 0% PVC fibers (control) is 7.54,
7.81, and 18.89 MPa, respectively. At 7 days, all mixes exhibited nearly similar strengths with minor variation.
However, at 14 and 28 days, BAC with PVC fibers (up to 0.47%) shows an increase in strength compared to
control concrete (0% PVC fibers), with increases of 18.31%, 38.16%, and 34.44%, and 17.68%, 19.48%, and
17.26% for 0.25%, 0.40%, and 0.47% PVC fibers, respectively. While BAC reaches its peak strength with 0.40%
PVC fibers, 0.47% PVC fiber content appears to be the optimal limit. This improvement may be attributed to the
specific surface texture of the fibers, which may have promoted better bonding within the matrix (Kurup and
Kumar, 2017). Moreover, the 0.47% PVC fiber mix shows a slight decline compared to the 0.40% mix. This may
be due to the inclusion of a higher percentage of fibers, which can reduce strength because of poor bonding in the
interfacial transition zone caused by the hydrophobic nature of the fibers (Mashaan and Ouano, 2025).

4 7 4
| D0%PVC  DO2%PVC  @O40%PVC  BO4T%PVC | ‘ Q%PVC  BO2S%PVC @040%PVC  BOAT%PVC \ OUGPVC  BOIPVC B040%PVC  BO4TPVC

= T
30 o v
[

0.50
0.44

]
oo

0=0.16

0.02

-
4 .,
s 4a
o

<

o=1.33
0.46
=0.45
0.47
0.54

L o=021

e e

.
o

Compressive strength (MPa)
v p
split tensile strength (MPa)
o
{ 6=035
0.39
5= 0.30
I o 0.33
o
o
Flexural strength (MPa)
o =024

i

in

14
14 2
Curing periods (days) Curing periods (days) Curing periods (days)

(2) (b) (©)

Figure 1. (a) Compressive strength, (b) split tensile strength, and (c) flexural strength of BAC with several
percentages of PVC fibers.

3.1.2 Split Tensile Strength

Figure 1(b) illustrates the split tensile strength of BAC with 0%, 0.25%, 0.40%, and 0.47% PVC fibers for 7, 14,
and 28 days of curing. The figure reveals that the strength increases with increasing fiber content at all curing
ages. At 7, 14, and 28 days, the strength of BAC with 0% PVC fibers (control) is 2.72, 2.74, and 3.24 MPa,
respectively. At 7, 14, and 28 days, the split tensile strength of BAC with 0.25% PVC fibers increased by 7.72%,
8.76%, and 1.85%, with 0.40% PVC fibers by 11.03%, 14.60%, and 8.33%, and with 0.47% PVC fibers by
4.04%, 10.58%, and 4.94%, respectively, compared to the control mix. While BAC reaches its peak strength with
0.40% PVC fibers, 0.47% PVC fiber content appears to be the optimal limit. This improving behavior is likely
due to the incorporation of PVC fibers, which can minimize cracks and transfer tensile stresses from weaker or
damaged zones into the PVC fibers due to their superior tensile capacity (Islam et al., 2023). The figure also
demonstrates that the 0.47% PVC fiber mix exhibits slightly less strength than that of the 0.40% mix. This may
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be due to the inclusion of a higher percentage of fibers, which leads to poor bonding in the interfacial transition
zone caused by the hydrophobic nature of the fibers (Mashaan and Ouano, 2025).

3.1.3 Flexural Strength

The flexural strength of BAC with varying proportions of PVC fibers (0%—0.47%) is shown in Figure 1(c) for 7,
14, and 28 days of curing. The figure shows that the flexural strength increases with increasing fiber content at
all curing ages, except for 7 days. At 7 days, BAC appears to reach its peak value with 0.25% PVC fiber content,
then declines up to 0.47%, but remains higher than the control BAC (0% PVC fibers). At 7, 14, and 28 days, the
flexural strength of BAC is 1.08, 1.29, and 1.43 MPa, respectively. This strength increases by 52.78%, 41.86%,
and 41.96% for 0.25% PVC fibers; 47.22%, 44.19%, and 40.56% for 0.40% PVC fibers; and 34.26%, 58.14%,
and 55.24% for 0.47% PVC fibers at 7, 14, and 28 days of curing, respectively. BAC exhibits its peak value with
0.47% PVC fibers at 14 and 28 days of curing. The increasing behavior may be due to the inclusion of PVC
fibers, which can minimize tension-zone cracks, facilitate load transfer, enhance energy absorption, and promote
stress redistribution (Awal and Mohammadhosseini, 2016).

3.2 Relationships between Split Tensile Strength and Compressive Strength of BAC with PVC Fibers
Figure 2(a) illustrates the relationships between compressive strength ( £, ) and split tensile strength ( fip) of

BAC with PVC fibers after 28 days of curing. The figure reveals that £, increases with an increase in 1.
The f;, of BAC with PVC fibers can be expressed by the following equation (Equation 1):

fip =0.50/ . +1.04,R* =0.78 (1)

Where, £, and /sp are in MPa. The high regression coefficient ( R?=0.78) indicates that £ is strongly related to
the f;, of BAC containing PVC fibers. It is also noted that a best-fit equation requires a high regression

coefficient. The figure also shows that the present study proposes a linear equation with a Y-intercept. However,
ACI 318 (2011) and Noaman et al. (2018) provided linear relationships with zero intercepts for normal weight
concrete and BAC with rice husk ash, respectively, while Akhtaruzzaman and Hasnat (1983) and Rashid et al.
(2012) proposed equations specifically for BAC. Therefore, it may be concluded that the present study offers a

realistic relationship between £, and f5p for BAC with PVC fibers.
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Figure 2. Relationships between (a) split tensile strength and compressive strength, and (b) flexure strength and
compressive strength of BAC with PVC fibers

3.3 Relationships between Flexure Strength and Compressive Strength of BAC with PVC Fibers
The relationships between compressive strength ( /. ) and flexure strength ( £, ) of BAC with PVC fibers after 28

days of curing is shown in Figure 2(b). The figure indicates that f, increases with increasing /. . The f. of BAC
with PVC fibers can be represented by the following equation (Equation 2):
£ =131Jf". —42,R*=0.87 2)
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Here, f, and /. are in MPa. The high regression coefficients (R*=0.87) denotes that f.is strongly related to
the /. of BAC containing PVC fibers. As expected, a best-fit equation is associated with a higher regression

coefficient. The figure also demonstrates that this study proposes a linear equation with a non-zero intercept.
However, ACI 318 (2011) and Noaman et al. (2018) provided linear relationships with zero intercepts for normal
weight concrete and BAC with rice husk ash, respectively, while Akhtaruzzaman and Hasnat (1983) and Rashid
et al. (2012) proposed equations with zero intercepts, particularly for BAC. Therefore, the present study offers a

customary relationship between £, and £, for BAC with PVC fibers.

4 Conclusion

The following conclusions can be drawn based on the outcomes of this study:
i.  BAC yielded higher compressive strength with the inclusion of PVC fibers up to 0.47% by weight of
cement than that of the control BAC.
ii. BAC exhibited higher split tensile strength with the inclusion of PVC fibers up to 0.47% by weight of
cement compared to the control BAC, and Eq. (1) can be used to calculate the £, of BAC with PVC fiber.

iii. BAC showed greater flexural strength with the inclusion of PVC fibers up to 0.47% by weight of cement
compared to the control BAC, and Eq. (2) can be used to estimate the 7, of BAC with PVC fiber.

iv. Opverall, the mechanical properties of BAC can be enhanced by incorporating PVC fibers up to 0.47% by
weight of cement.
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