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ABSTRACT

The present status of the study on jute fiber reinforced concrete (JFRC) is examined in
this comprehensive literature review, with an emphasis on mechanical characteristics,
and sustainability factors. Because of their affordability, availability locally, and eco-
friendliness, natural fibers especially jute have become attractive substitutes for
synthetic fibers in concrete reinforcement. The results of more than 45 peer-reviewed
research that were published between 2020 and 2025 are included in this study to assess
how the addition of jute fiber affects mechanical aspects behaviour, and environmental
impact of concrete. The review covers the synergistic effects when mixed with other
cementitious materials and determines the ideal fiber parameters (length: 10-25 mm;
volume fraction: 0.1-0.6%). Although jute fiber greatly increases tensile strength,
flexural strength, and fracture resistance.

KEYWORDS: Jute fiber reinforced concrete (JFRC), Jute fiber concrete, mechanical
and sustainability properties.

INTRODUCTION

Concrete is a synthetic substance that is mainly used in the global building sector. It is
poor in tension whereas high in compression [1-3]. Fibers could be added to concrete
to increase its tensile and flexural strength. In order to improve the concrete's split
tensile strength, flexural strength, robustness to impact, fatigue endurance, resistance to
wear, and plasticity behaviour, the fiber is added to the composition [4]. Glass, jute [5-
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7], human hair [8-10], carbon [11], coir [12, 13], PVA [14-19], steel [20], nylon [21],
basalt, Polyethylene [22], polypropylene, bagasse [23], polyester [24], and plastic [25]
fibers are frequently employed to enhance the properties of concrete [26]. Nevertheless,
the kind of fiber, shape, orientation, and density all affect how well concrete works [27].
Jute fibers in concrete have been discovered to have better qualities and economic
effectiveness than other fibers in the past few years [28]. The tensile strength, modulus
of elasticity, and toughness of concrete are all increased when jute fibers are added [29,
30]. However, jute fiber is widely used in many fields due to its excellent thermal
insulation properties, application in sportswear, heat resistance, automotive parts, and
chemical corrosion resistance. Compared to other types of fiber, jute fiber exhibits
superior performance [31].

Furthermore, jute fiber disperses easily after mixing with concrete or mortar [7]. Its cost
is relatively high, but lower than that of other fiber types, although lower than that of
S-fiber, glass fiber, and carbon fiber. Compared to synthetic and organic fibers, jute
fiber exhibits higher stability in radioactive environments. Research into jute fiber in
concrete is conducted on the properties, characteristics, and durability of fiber-
reinforced concrete. Studies have shown that jute fiber reinforced concrete exhibits
relatively good resistance to salt, water, corrosion and severe degradation in alkaline
environments [32].

In addition, jute fibers have good resistance to alkali reaction, and adding more basalt
fibers to concrete can improve the tensile strength, flexural strength and stiffness of
concrete [7]. At the same time, it can also improve the wear resistance and fracture
resistance of concrete. A study [33] investigated geopolymer concrete with jute fibers.
The results showed that geopolymer concrete with jute fibers outperformed geopolymer
concrete without basalt fibers.

Few studies have examined the effectiveness of jute fibers in concrete mixtures.
Therefore, in-depth research on jute fiber concrete (JFC) is required. This review
provides a detailed description of the properties of jute fibers and the mechanical
properties, and sustainability assessment of JFC. This review will also serve as a guide
for researchers working on jute fibers in concrete, with the goal of improving the
sustainability of the construction industry in terms of building materials.

SCOPE AND METHODOLOGY

PRISMA criteria for comprehensive literature reviews are adhered to in this review.
The Web of Science, Scopus, Google Scholar, and ScienceDirect databases were
thoroughly searched using the following keywords: "jute fiber concrete," "jute fiber
reinforced concrete,” "natural fiber concrete mechanical properties,” and "jute fiber
sustainability.” Priority was given to studies published between 2020 and 2025;
essential background was provided by key previous publications as shown in Figure 1.
Analysis was done on more than 45 peer-reviewed articles, comprising life cycle

evaluations, review papers, and experimental research.
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Figure 1: Methodology flowchart

JUTE FIBER CHARACTERISTICS

The bast fiber known as jute (Corchorus capsularis and Corchorus olitorius) is taken
from the bark of jute plants. Important characteristics of concrete reinforcement are
mentioned in Table 1.

Table 1: Jute Fiber Properties

Property Value Reference
Tensile Strength 250-300 MPa [7]
Density 1.3-1.5 g/lcm? [34]
Cellulose Content 60-65% [7]
Lignin Content 12-15% [7]
Elongation at Break 1.5-2.0% [34]
Moisture Absorption High (hygroscopic) [34]

Strength is provided by the highest cellulose concentration, whereas lignin functions as
a natural binding inside the fiber structure. Nevertheless, the alkaline cement condition
presents difficulties due to the hydrophilic nature of jute fibers.

MECHANICAL PROPERTIES OF JUTE FIBER REINFORCED CONCRETE
Compressive Strength
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The impact of jute fiber on compressive strength is still up for dispute in the scientific
literature, with results differing greatly depending on mix composition and fiber
properties.

Positive Effects:

o Rabbani et al. (2025) found that the compressive strength of jute fiber concrete
was 2609 psi (18.0 MPa), an 11.6% enhancement above ordinary concrete's
2338 psi (16.1 MPa) [35].

o After 28 days, Bhushal et al. (2025) found that adding 0.6% volume fraction of
12 mm jute fibers to normal concrete increased compressive strength by 14.54%
to 30.10% [36].

Negative Effects:

o Due to improper fiber dispersion and increasing heterogeneity, Zia and Ali
found a 36% decrease in compressive strength with 5% jute fiber by cement
weight and 50 mm fiber length [34].

o Because of fiber clumping, greater porosity, and reduced bonding,
investigations with greater fiber content (>1.0% by volume) typically
demonstrate a decrease in compressive strength [34].

Tensile Strength
Tensile characteristics are more consistently improved by jute fiber:
e At 0.6% volumetric ratio, 10-12 mm fibers showed the greatest gains of 12.24—
30.42% [36].
e A 30.42% improvement using 10 mm fibers was recorded in Springer's
investigation [37].
e At 0.1-0.5% fiber content and 10% additional cementitious components, best
performance is achieved [7].

Flexural Strength:

o Several studies have shown increases spanning 12% to 25%.

o Flexural strength increased from 4.16 MPa (control) to 5.32 MPa with 0.40%
15 mm fibers after 7 days and from 5.94 MPa to 7.46 MPa at 28 days, according
to the MDPI research from 2024 [34].

» Because of weak bonding and increasing void growth, longer fibers (35 mm)
performed worse [34].

Mechanism: By bridging small fractures and enhancing post-cracking actions, jute

fibers function as crack arrestors. Energy absorption capacity is increased by the

fiber-matrix contact, which transmits stress from the brittle concrete matrix to the

ductile fibers.

SUSTAINABILITY AND ENVIRONMENTAL IMPACT

Life Cycle Assessment (LCA)

Investigations on life cycle analysis repeatedly show that adding jute fiber has positive
environmental effects:

Carbon Footprint:
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o The production of jute absorbs CO; at levels many times greater than those of
trees, making it carbon-negative.

o Jute needs little fertilizer, insecticides, or irrigation.

o Jute fibers are completely recyclable and biodegradable.

Embodied Carbon Reduction:
o Using a 25% POFA substitution, POFA-jute fiber concrete reduced embodied
carbon by 19.82%.
o The ideal mixture (15% POFA + 0.25% jute fiber) improved eco-strength
performance by 38.22%.
o The integration of CCA and jute fiber decreased embodied carbon whereas
preserving mechanical properties [7].

Eco-Strength Efficiency (ESE)
To assess sustainability concrete, the eco-strength efficiency measurement
(compressive strength/embodied carbon) was created and mentioned in Table 2.

Table 2: ESE of JF Concrete

Mix Design ESE (MPa/kg CO:/m?) Reference
Control (Plain Concrete) Baseline [7]
0.5% JF + 10% CCA 0.114 (Maximum) [7]
1.0% JF + 20% CCA 0.068 (Minimum) [7]

COMPARATIVE ANALYSIS WITH OTHER NATURAL FIBERS

Although it needs to be properly treated to correspond to the durability of synthetic
substitutes, jute provides an ideal blend of mechanical qualities, affordability, and
sustainability. The comparative analysis with other fibers is mentioned in Table 3.

Table 3: comparative analysis of fibers

Fiber Type Tensile  Strength | Density Durability  in | Cost Sustainability
(MPa) (g/cmgd) Concrete
Jute 250-300 1.3-15 Moderate Low High
(requires
treatment)
Coconut (Coir) 150-220 1.2-15 Good Low High
Sisal 400-600 1.3-15 Moderate Moderate High
Hemp 300-800 1.4-15 Moderate Moderate | High
Bamboo 300-600 0.6-1.1 Variable Low High
Steel 500-2000 7.8 Excellent High Low
Polypropylene 300-400 0.9 Good Moderate Low
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CONCLUSIONS
Jute fiber reinforced concrete is a practical and sustainable substitute for traditional
concrete and synthetic fiber reinforced infrastructure, as this comprehensive analysis of
the literature shows. Important conclusions include:
Mechanical Efficiency:
e The ideal jute fiber concentration is between 0.1% and 0.6% by volume.
e The ideal ratio of strength to workability is achieved with fiber lengths between
10 and 20 mm.
e Although compressive strength impacts vary depending on mix composition,
tensile and flexural strengths generally increase by 12—-30%.
e The entire performance is improved by synergistic interactions with SCMs (fly
ash, POFA, and CCA).
Advantages of Sustainability:
e substantial decrease in embodied carbon (up to 20%).
e Generation of carbon-negative fiber.
e Cost-effectiveness in comparison to artificial substitutes.
e Encouragement of rural economy in emerging nations
According to the conclusion of study findings, jute fiber concrete may satisfy the
demands of sustainable building whereas offering sufficient mechanical performance if
it is built and handled appropriately. To enable wider implementation in the
construction sector, future studies should concentrate on longevity assessment,
standardized processes, and treatment technique improvement.
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