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A. INTRODUCTION

The textile industry contributes significantly to global
environmental pollution, generating over 110 million tons of
waste annually [1], with severe consequences for the
environment. Out of Textile and apparel waste, when Textile
waste fibers are considered, both pre-consumer and post-
consumer wastes, present a massive challenge. Despite the
potential for recycling, the rates remain low [2]. In this
project, the focus is on repurposing textile waste fibers as a
reinforcement material for pedestrian walkway paving
blocks, addressing both waste management and paving block
performance. By utilizing polyester waste fibers and recycled
polyester waste fibers, the study aims to create a new market
for fiber waste, benefiting multiple industries and the
environment. The project's significance lies in reducing the
environmental impact of the textile fiber-related industry in
Sri Lanka, where textile waste is a major problem. However,
challenges in recycling certain fiber types exist, and more
research is needed to optimize the process and improve the
performance and durability of fiber-reinforced cement paving
blocks. Implementing this approach can lead to a circular
economy, reduced waste management costs, and decreased
greenhouse gas emissions.

This research involved an extensive experimental program,
investigating the effectiveness of short random fibers (2-4 mm
in length) from polyester waste and recycled polyester waste
[3]-[5], at different weight volume contents (0.5%, 0.75%,
and 1% by weight of the cement mixture) [3], [4], as
reinforcement for cement paving blocks.

Mechanical and durability properties such as compressive
strength, weight reduction, tensile splitting strength, and water
absorption were evaluated to determine the optimal fiber
volume content and the best fiber for reinforcement between
polyester waste fiber and recycled polyester waste fiber. The
findings demonstrated the feasibility of using these textile
waste fibers in cement paving block production. Comparing
the results with conventional cement paving blocks, both
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polyester waste fiber and recycled polyester waste fiber
reinforced blocks showed a significant improvement in
compressive strength, with the best outcome achieved at a
fiber volume content of 0.75% in polyester waste fiber-
reinforced cement paving blocks.

In summary, the project addresses the environmental issues
caused by the textile industry's waste and aims to repurpose
fiber waste as reinforcement for paving blocks. By using
polyester and recycled polyester waste fibers, the study can
create a new market and benefit both the textile industry and
construction industry, while also reducing environmental
pollution and saving natural resources in Sri Lanka [6]. The
approach aligns with the demand for sustainable products and
offers economic and environmental benefits for various
industries.

B. LITERATURE REVIEW

Gannoruwa et al. [7] explore the utilization of discarded
polyester spandex fabric in combination with cement to
produce paving blocks for footpaths in Sri Lanka. The study
reveals enhancements in various properties such as
compressive strength, splitting tensile strength, water
permeability, and walking comfort. A study conducted by Lv
et al. [8] focuses on examining the impact of waste polyester
fabric blocks on the strength and mechanical behavior of sand
reinforced with cement. The findings indicate that the
incorporation of fabric blocks increases both peak and residual
shear strengths of cemented sand and alters its brittle nature,
rendering it more ductile. A comprehensive analysis of fabric
waste recycling techniques, applications, and challenges is
presented in the study of Dissanayake et al. [9]. It highlights
the adoption of a national fabric waste management policy and
the establishment of a fabric waste recycling facility in Sri
Lanka as examples.

Most of the research that is done to utilize textile waste as
previously mentioned [7]-[9] is done by utilizing fabric waste
but not textile fiber waste. Therefore, there’s a research gap in
utilizing textile waste fibers in fiber-reinforced cement paving
blocks as a remedy for textile waste disposal. The existing
literature on the use of textile waste in cement paving blocks
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mainly focuses on the incorporation of textile fabric waste in
the form of pieces or blocks. However, the use of textile waste
fibers, especially polyester and recycled polyester fibers, has
not been adequately investigated. Therefore, there is a
research gap to explore the feasibility and effectiveness of
using textile waste fibers as reinforcements of cement-based
materials. Determining the ideal amount and length of basalt
fibers in concrete is crucial as it impacts the workability,
strength, and toughness of the material. Excessive or
excessively long fibers can lead to issues such as balling and
segregation problems [10], [11].

The interaction between various types of fibers and their
combinations in concrete can significantly affect the
rheological, mechanical, and durability properties of the
material. Certain fibers may have negative effects on one
another or on the cement matrix itself [12]—[15]. Therefore,
according to Saha [10] Bheel [11] Anas et al. [12] Pichardo
et al. [13] Bagher Shemirani [14], and Hadeed et al. [15] it is
clear that it is important to find the optimum mixing ratios of
fibers when it is adding to the cement mixture and also find
the compatibility of different fibers with the cement mixture.

Therefore, there’s a research gap in finding the optimum fiber
mixing ratios when reinforcing textile fibers in cement paving
blocks. Further research in these areas could help improve the
performance and durability of fiber-reinforced cement paving
blocks and make them more attractive for a broader range of
applications.

C. MATERIALS AND METHODS

The study utilized fibers collected from textile fiber-related
industries in Sri Lanka, which funded the project. The utilized
fiber waste types are polyester fiber waste: 7D 64mm long
hollow fibers and 150D/75f 70mm long recycled polyester
waste fibers. Though it was given as 2 - 40mm in literature,
due to the cutting limitations and enhancement of bridging
activity, the fibers were manually cut using scissors to an
average length of 40mm. Different fiber packets were created
to achieve 0.5%, 0.75%, and 1% fiber content in the cement
mixture. Plastic fiber molds with the dimensions of
100*200*80mm were used for fabricating paving blocks.

The cement mixture was prepared by mixing cement, finer
aggregates, coarser aggregates, and sand in a ratio of
1:0.6:6:5 using a cement mixer. Fibers of both types were
separately mixed in 0.5%, 0.75%, and 1% of the mixture. The
mixture was filled to the mold in three layers and was
compacted in layers using a vibrating table to remove air
bubbles and ensure strong particle cohesion. Due to the
higher volume occupied by the fibers due to the crimp nature,
the excess amount of the mixture is removed such that the
weight fraction of each component is kept constant. After 24
hours, the blocks were removed from the molds, labeled, and
immersed in water for 28 days for curing.

D. RESULTS AND DISCUSSION

Table 1 Important performance measures specified in codes

of practice.
Requirement BS EN ASTM Sri Lanka
1338:2003 C936 1425
(2011)
Compressive - >55.2 Class A —
Strength (MPa) 50N/mm?
Class B —
40N/mm?
Class C —
30N/mm?
Footpath —
15N/mm?
Tensile > 3.6 - -
Splitting
Strength (MPa)
Water - <5 <6
Absorption
Test (%)

The tests have done according to the standards mentioned in
Table 1. According to the test results, the weight of the fiber-
reinforced cement paving blocks was significantly less than
the conventional cement paving block. The higher the volume
of fibers added, the lighter the paving blocks became. Lighter
blocks offer advantages like easy transportation, handling,
installation, and improved durability due to reduced dead
load. The compressive strength test showed that all samples
met the required strength according to the Sri Lankan
standards for footpath paving blocks. Fiber-reinforced
cement paving blocks have increased the compressive
strength immensely and the best performance was observed
in blocks reinforced with 0.75% polyester fiber waste.

The strength-to-weight ratio of fiber-reinforced cement
paving blocks was very high and significant so higher
strength could be achieved with a lower volume of materials
used and the highest strength-to-weight ratio was showed by
0.75% polyester fiber-reinforced cement paving blocks.
However, the split tensile strength of fiber-reinforced cement
paving blocks was lower than that of conventional blocks due
to the presence of voids in between components.
Nevertheless, when considering fiber-reinforced cement
paving blocks, the higher the fiber content, the higher the
splitting tensile strength achieved. Water absorption of the
fiber-reinforced cement paving blocks failed due to the
trapping of water molecules inside the voids present because
of the bulky nature of fibers. However, it was clear it has not
affected the most significant property of compressive
strength of fiber-reinforced cement paving blocks. The
summary of the test results have included in the Table 2.
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Table 2 Summary of the test results

Type of the Paving | Avg | Avg Avg | Water
Block Wei | Compre | Tens | Absor
ght | ssive ile ption
of Strengt | Splitt | Percen
the h (MPa) | ing tage
Pavi Stren | (%)
ng gth
Blo (MP
ck a)
Polyester P1% | 1.87 | 36.2 1.6 8%
1
P 2.15 | 419 1.5 11%
0.75% | 1
P 243 | 293 1.1 21%
05% |6
Recycled RP 211 | 37.6 1.7 13%
polyester 1% 9
RP 229 | 36.5 1 16%
0.75% | 9
RP 247 | 28.1 0.8 18%
05% |6
Normal N 3.00 | 33 3.7 4%
5

E. CONCLUSION

Though the intention was to embed waste textile fibers in
cement paving blocks as a practical method of waste disposal,
it also improved the prominent properties of the cement
paving blocks by reinforcing them. Therefore, we have
achieved the aims and objectives of the project successfully.
Overall, polyester waste fiber-reinforced cement paving
blocks with an optimal fiber weight of 0.75% showed the best
performance in terms of strength-to-weight ratio and
compressive strength. The fiber-reinforced cement paving
blocks show immense results in the most significant property
of compressive strength.

To address the reduction of tensile splitting strength of fiber-
reinforced cement paving blocks, the use of the compression
method during fabrication instead of a vibration table and
adding a binding agent was suggested. Moreover, to reduce
water absorption, adding a waterproof coating and using the
compression method for fabrication can be used. The study
faced challenges in cutting fibers to precise lengths, but this
can be overcome through the development of mechanical
equipment for fiber cutting. Moreover, further tests can be
followed to investigate the durability and the finishing of the
fiber-reinforced cement paving blocks.
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