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Abstract

This study investigates the development of sustainable lightweight concrete using Expanded Polystyrene (EPS) beads
as a partial replacement for coarse aggregate and untreated natural jute fibers as a crack-resisting additive. The primary
goal is to reduce the self-weight of concrete while maintaining acceptable mechanical performance for structural
applications. A series of concrete mixes were prepared with 10% and 20% EPS (by volume of coarse aggregate) and
varying jute fiber contents (0% and 0.25% by volume of concrete). Standard cylinder specimens were tested for
compressive and splitting tensile strength at 3, 7, 14, and 28 days. Experimental results revealed that incorporating EPS
decreased both compressive and tensile strengths due to its lightweight and weak interfacial bond, while effectively
lowering concrete density by approximately 6% at 10% EPS and 11.6% at 20% EPS. The addition of jute fibers
effectively mitigated strength loss, especially in tensile performance, by bridging cracks and improving ductility. The
optimum mix containing 10% EPS and 0.25% jute fiber (E10J0.25) regained nearly 32.617% of the compressive and
38.523% of the tensile strength of the control mix’s strength at 28 days. The use of EPS beads reduced the self-weight
of cylinders up to 11.6%, contributing significantly to the development of lightweight structural components without
excessively compromising strength. This composite approach provides a viable alternative for producing eco-friendly,
structurally efficient concrete, particularly suitable for non-load-bearing applications, seismic zones, and thermally
insulated construction. Further research will address the long-term durability, environmental benefits, and thermal
performance of the proposed EPS—jute concrete system.

Keywords: Expanded Polystyrene (EPS) Beads, Lightweight Concrete, Natural Jute Fiber, Sustainable Materials,
Mechanical Properties

1. Introduction

Concrete remains the most extensively used construction material worldwide due to its high compressive strength,
durability, and widespread availability. Its global production exceeds 30 billion tons annually, making it the most
manufactured material on Earth. Despite these advantages, conventional concrete presents notable drawbacks,
particularly its high self-weight with an average density of approximately 2400 kg/m?, which increases the dead load of
structures. Additionally, the large-scale extraction of natural stone for coarse aggregates is harming the environment by
depleting resources and contributing to ecological degradation. These factors have intensified the demand for
alternative concrete formulations that can reduce both the self-weight and ecological footprint of concrete.(Hilal et al.,
2021; Kadhim et al., 2023; Pelisser et al., 2012; Zhang, 2013)

Lightweight concrete is gaining traction for its ability to lower structural mass, offering significant advantages for high-
rise buildings, long-span bridges, precast components, and structures in seismic zones where reduced weight improves
resilience. One promising solution involves incorporating lightweight aggregates like pumice, expanded clay, perlite, or
synthetic materials such as Expanded Polystyrene (EPS) beads to create concrete that’s kinder to both the planet and
the structures it supports. EPS beads, in particular, offer exceptional benefits: they are lightweight, widely available,
non-biodegradable, and provide effective thermal insulation. When used to partially replace coarse aggregates, EPS
significantly reduces concrete density. However, this substitution typically results in decreased compressive strength,
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presenting a challenge for structural applications. (Al-Hadithi et al., 2023; Cao et al., 2023; Liu & Chen, 2014,
Salahaldeen & Al-Hadithi, 2022; Xu et al., 2012; Zhang, 2013)

To overcome this limitation, researchers have utilized both synthetic and natural fibers to enhance the mechanical
properties and restore strength losses caused by EPS beads. (Ling et al., 2022; Song et al., 2021a) Among all the natural
options, jute fiber stands out due to its tensile strength, renewability, availability, low cost, and environmental
friendliness. Predominantly cultivated in South Asia, particularly Bangladesh, jute is biodegradable and contributes
minimal environmental burden compared to synthetic alternatives. Its incorporation in concrete has shown potential in
enhancing ductility, controlling shrinkage cracks, and improving post-cracking performance. Nevertheless, jute fiber
use presents its own challenges, including water absorption, uneven dispersion, and reduced workability.(Asaduzzaman
& Islam, 2023; Islam & Ahmed, 2018; Song et al., 2021a, 2021b)

Several studies have investigated EPS-based lightweight concrete and natural fiber-reinforced cementitious composites
independently. But limited research has explored on EPS-jute combined application in a single concrete matrix.
(Kadhim et al., 2023; Sadon et al., n.d.; Sayadi et al., 2016; Sivakumaresa Chockalingam & Rymond, 2022; Song et al.,
2021b) This dual inclusion, lightweight EPS beads and tensile enhancing jute fibers offers a potentially balanced
solution, addressing both weight reduction and mechanical performance. This study aims to fill that research gap by
investigating the mechanical behavior and sustainability potential of lightweight concrete composites reinforced with
both EPS beads and jute fibers. The primary objective is to develop an optimized mix that reduces self-weight while
maintaining adequate compressive and tensile strength. Key performance metrics include workability, unit weight,
compressive strength, and split tensile strength, with special emphasis on the ability of jute fibers to offset strength
losses induced by EPS replacement.

The outcomes of this investigation are anticipated to be particularly applicable in the construction of non-load-bearing
elements, prefabricated panels, disaster-resilient housing, and lightweight structures in remote or earthquake-prone
regions. Additionally, the proposed approach aligns with circular economy principles by promoting the reuse of EPS
waste and the use of biodegradable, renewable fibers.
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2. Experimental Details

2.1. Material Properties

Portland Limestone Cement (CEM I1/B-L, 42.5N), Sylhet sand (FM 2.5-2.8), a well-graded combination of crushed
stone chips as coarse aggregates used in this study to ensure the standard strength and performance requirements for
general construction. Expanded Polystyrene (EPS) beads, with particle sizes below 4.75 mm, were incorporated at
volumes ranging from 0% to 20% as a lightweight partial replacement for coarse aggregate. To evaluate the raw
performance, untreated jute fibers (20-30 mm in length) were added to mitigate the strength loss due to EPS and
enhance the tensile capacity and crack resistance.

Table 1 - The Gradation of Coarse Aggregates.

Sieve Size Cumulative passing (%0)
(mm) Coarse Aggregate EPS Beads
25 100 100
19.5 70 100
12.5 40 100
9.5 15 100
4.75 5 100
Below 4.75 0 0 Figure 2: EPS Beads Figure 3: Jute Fiber
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2.2. Mixing of the Materials

Concrete was designed for a target strength of M20 using a nominal mix ratio of 1:1.5:3 by weight. EPS beads replaced
coarse aggregate at 0%, 10%, and 20% by volume, while jute fibers were added at 0%, 0.25% by volume of concrete. A
water—cement ratio of 0.50 was maintained for all mixes, with an extra 0.01-0.03 of water added in jute fiber-
containing mixes to maintain workability. EPS beads were added after 5 minutes of initial mixing and blended until a
uniform mix was achieved. Fresh concrete density was measured before pouring into moulds, followed by hand
compaction. Each mould was filled in three layers, and each layer was compacted by tamping 25 times with 5/8 inch
steel tamping rod to minimize air voids and ensure proper consolidation.

2.2. Casting, curing, and testing of concrete specimens

Compression Testing Machine (CTM) was used to test 60 cylindrical concrete specimens (100 x 200 mm), where
loads were applied uniformly. The compressive strength of concrete samples was measured at 3, 7, 14, and 28 days of
curing. Again, 60 cylindrical concrete specimens were cast and tested for splitting tensile strength. The fiber volumes,
lengths, and treatment conditions were kept the same for this test. For the splitting tensile test, the curing age and other
procedures were same. The curing was done continuously underwater until both tests, since it was demolded 24 hours
after casting.
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Figure 4. Casting of Concrete in standard moulds

Figure 5. Compression Testing Figure 6. Curing of concrete
Machine (CTM) specimens

Figure 7. Compressive Strength Test Figure 8. Splitting Tensile Test

Throughout the testing program, accuracy and safety were maintained to uphold the integrity of the data and reflect
realistic performance outcomes of the composite mixes. The load was applied uniformly until failure, and the results
were recorded with precision.
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3. Results and Discussion

The experimental investigation evaluated the effect of EPS Beads for lightweight concrete construction and improved
the mechanical properties by incorporating jute fiber into lightweight concrete. The compressive and splitting tensile
strengths of seven different mixes were evaluated at 3, 7, 14, and 28 days. The experiment results indicate that both
compressive and splitting tensile strengths of concrete were significantly influenced by the percentage of EPS beads
and the addition of jute fibers.

Table 2 : Testing results of the samples

Sample EPS Jute Compressive Strength fc (Mpa) Splitting Tensile Strength (Mpa)
ID Beads  Fiber 3 7 14 28 3 7 14 28
(%0) (%0) Days Days Days Days Days Days Days Days
E0JO 0 0 11.94 15.87 19.07 22.55 1.584 1.775 2.160 2.322
E10J0 10 0 9.48 13.05 15.09 17.43 1223 1520 1.628 1.821
E10J0.25 10 0.25 10.54 14.04 15.79 19.10 1.326 1.681 1.752 2.014
E20J0 20 0 8.19 10.52 13.23 15.22 1.086 1.270 1.515 1.657
E20J0.25 20 0.25 9.14 10.61 12.34 15.37 1.175 1.358 1.528 1.773

The control mix (E0JO), containing no EPS or jute, exhibited the highest mechanical performance as usual, with a 28-
day compressive strength of 22.55 MPa and a splitting tensile strength of 2.322 MPa. Introduction of 10% EPS in mix
E10J0 led to a substantial reduction in both compressive (17.43 MPa) and tensile (1.821 MPa) strengths, highlighting
the detrimental effect of EPS beads due to their lightweight nature and weak bonding with the cement matrix.
Incorporating 0.25% jute fibers (E10J0.25) effectively mitigated this strength loss, achieving 19.10 MPa compressive
and 2.014 MPa tensile strength at 28 days by bridging microcracks and enhancing internal cohesion. At higher EPS
replacement (20%), the degradation was more pronounced: E20J0 recorded only 15.22 MPa in compression and 1.657
MPa in tension, whereas the addition of 0.25% jute fibers (E20J0.25) improved performance slightly to 15.37 MPa
compressive and 1.773 MPa tensile strength.
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Figure 11. Failure mode of E10J0 vs E10J0.25 samples

These results indicate that while EPS beads reduce concrete strength due to their lightweight, non-structural
characteristics, the inclusion of natural jute fibers can substantially compensate for this loss. The addition of natural jute
fiber notably improves tensile performance by enhancing post-cracking ductility and microcrack bridging. Figure 11
shows that natural jute fibers improve the concrete's crack resistance in the splitting tensile test, transforming the
typical brittle failure observed in the 10% EPS mix (E10J0) into a more gradual, ductile failure characterized by
distributed micro-cracks in the fiber-reinforced mix (E10J0.25). Among all the tested mixes, E10J0.25 demonstrated
the most favorable balance between mechanical performance and weight reduction, achieving adequate compressive
and tensile strength while maintaining a lightweight composition. This makes it highly suitable for sustainable, non-
load-bearing, or semi-structural concrete applications where moderate strength, enhanced toughness, and reduced self-
weight are desired.

4. Conclusion

This study investigated the development of sustainable lightweight concrete using unprocessed jute fibers as natural
reinforcement and Expanded Polystyrene (EPS) beads as a partial replacement for coarse aggregates. Experimental
findings demonstrated that incorporating EPS significantly reduced the concrete’s density by approximately 6% at 10%
EPS and 11.6% at 20% EPS content, while simultaneously decreasing both compressive and tensile strengths due to the
weak interfacial bond and low stiffness of EPS particles. The addition of 0.25% jute fibers by volume effectively
mitigated this reduction in strength by enhancing internal bonding, bridging microcracks, and improving post-cracking
ductility and energy absorption capacity. Moreover, the inclusion of jute fibers made the concrete more crack-resistant,
improving its long-term durability and integrity under stress. In particular, the mix containing 10% EPS and 0.25% jute
fiber (E10J0.25) regained nearly 32.617% of the compressive and 38.523% of the tensile strength lost due to the
inclusion of EPS, exhibiting the most balanced and consistent performance among all tested mixtures. Overall, the
synergistic use of EPS beads and natural jute fibers offers a promising approach for producing lightweight, eco-
efficient, and durable concrete, making it suitable for non-load-bearing or semi-structural applications that demand
reduced self-weight, enhanced toughness, and alignment with sustainable construction practices.
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