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Abstract

To develop workable and lightweight concrete utilizing waste materials, this study aims to investigate the effect
of jute fiber (JF) on the fresh properties of concrete. For this, concrete was prepared using mix proportions of
1:1.5:3 and 1:2:4 (by volume), incorporating varying lengths (10, 15, and 20 mm) and contents (0, 0.25, 0.50,
and 1.00% by weight of cement) of JF at water-to-cement (w/c) ratios of 0.45, 0.50, and 0.55. Slump and fresh
density tests were performed to evaluate the workability and unit weight of JF-modified concrete (JFC). The test
results indicated that workability decreased significantly with increasing fiber content and length. While slump
of JFC increased with increasing w/c ratio from 0.45 to 0.55, it decreased with increasing mix proportion from
1:1.5:3 to 1:2:4. Based on workability, the mix proportion of 1:1.5:3 and the w/c ratio of 0.55 were selected for
the fresh density test. The results showed that increasing fiber length and content led to gradual reductions in
concrete unit weight, with a maximum decrease of 2.23% at 20 mm length and 1.00% content. Hence, the
workable and lightweight concrete can be produced using JF content up to 1.00% and a length up to 20 mm.
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1 Introduction

Concrete is the backbone of modern infrastructure due to its availability, durability, and economic feasibility
(Neville, 2011; Yang et al., 2011). However, its brittleness and limited tensile properties pose challenges in
structural performance. To address these limitations, the incorporation of fibers has gained significant attention
among concrete researchers in recent decades, as it improves ductility, crack resistance, and tensile strength
(Mohammadi et at., 2008; Yazici et al., 2007). There are many types of fibers, including industrial by-products
(polyvinyl alcohol, polyvinyl chloride, polyethylene terephthalate, and nylon) and natural by-products (kenaf,
hemp, coir fiber, and sisal). These fibers have been incorporated in concrete construction, particularly in tunnel
linings, blast-resistant concrete, concrete overlays, high-strength concrete, high-performance concrete,
pozzolanic concrete, and even in rigid pavements (Islam et al., 2023; Kaliyavaradhan and Ling, 2019; Kanda and
Li, 1998; Meena et al., 2022). Among these fibers, natural fibers, particularly jute fiber, are gaining popularity
among researchers due to their environmental friendliness, low cost, and regional availability, especially in South
Asian countries, most notably in Bangladesh. Jute fiber (JF), derived from the Corchorus plant, is a
biodegradable, recyclable, renewable, and widely cultivated natural fiber. After peeling, about 3.1534 million
tons of jute fibers are produced each year globally, of which nearly 1.533 million tons are produced by
Bangladesh. Although Bangladesh is the second-largest jute-producing country in the world (FAO, 2024), this
fiber is mainly used in bags, textiles, home décor, agriculture, and packaging.

Although the use of jute in construction is not a new concept, it is rarely applied in concrete due to a lack of
knowledge about its characteristics. Aziz et al. (1981) reported that jute fiber has good tensile strength, moderate
elasticity, and substantial water absorption capacity, which make it a promising candidate for reinforcement in
concrete. However, fresh properties, particularly the workability of concrete, are critical for ensuring proper
mixing, transportation, placing, and finishing before setting occurs. The inclusion of jute fiber in concrete
reduces its fluidity due to the fiber’s high-water absorption capacity, rough surface, and increased fibrous surface
area (Ahmad et al., 2022; Vajje and Murthy, 2013). Islam et al. (2018) observed that the workability of concrete
decreases with increasing JF length. Moreover, increasing the amount of jute fiber (by weight of cement) reduces
the fresh density of concrete (Hossain et al., 2023; Mohammadi et al., 2008). Hence, the fresh properties of
concrete can be influenced by the types, lengths, shapes, forms, and surface textures of the fibers (Aziz et al.,
1981).

Although many studies (Ahmad et al., 2022; Aziz et al., 1981; Islam et al., 2023; Jarabo et al., 2012; Khan et al.,
2023; Vajje and Murthy, 2013) have explored the properties of concrete with jute fiber, comparatively limited
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research has examined its fresh properties in combination with varying fiber lengths, mix proportions, and water-
to-cement ratios. There is also a significant research gap related to a proper mix design that balances fresh
properties and the lightweight nature of concrete incorporating jute fiber. To minimize these gaps, this study
aims to contribute to the development of a mix that achieves this balance. Therefore, the study focuses on the
effect of JF on the fresh properties (workability and unit weight) of concrete.

2 Materials and Methodology

2.1 Materials

For this experiment, locally available jute fiber (JF) in Bangladesh, known as tossa, was used as a percentage by
weight of Ordinary Portland Cement (OPC). The OPC was collected from a local supplier and used as the
binding material. Crushed gravel obtained from the Sylhet region of Bangladesh, passing through a 19 mm sieve,
was used as coarse aggregate (CA). River sand, collected from the same supplier as the crushed gravel, was used
as fine aggregate (FA). Laboratory-supplied drinking water was used for mixing and curing the concrete.

2.2 Tests on Materials
The properties of the materials, including coarse aggregate (CA), fine aggregate (FA), jute fiber (JF), and
Ordinary Portland Cement (OPC), were determined according to BS and ASTM standards, as presented in Table
1. These properties were compared with those reported in previous studies (also shown in Table 1) and were
found to be nearly comparable. The table further confirms that the OPC used in this study meets the ASTM Type
I cement specification.

Table 1. Properties of materials.

CA FA JF OPC
Materials Properties Test standard present Hossain o oo, Hossain o Chanu o ASTM
etal. etal. etal. C150
study study

@021) MY (o024 S 5009
Aggregates Fineness modulus (FM)  ASTM C136 (2001) 7.33 - 3.04 - - - - -
Unit weight (kg/m?) ASTM C29 (1997) 1563 1672 1611 1564
Specific gravity (dry) ASTM C127/128 (2001) 2.65 2.72 2.4 2.36
Water absorption (%) ASTM C127/128 (2001) 0.66 1.18 3.35 1.62
Moisture content (%) ASTM C566 (2013) 1.63 1.79 2.55 1.3 - - -
Cement  Normal consistency (%)  ASTM C187 (1998) - - - - - - 27 30%

Setting time (min) initial  ASTM C191(2021) - - - - - - 150 >45
final  ASTM C191(2021) - - - - - - 300 <375
Compressive 7d ASTM C109 (2016a) - - - - - - 2524 >19.3
strength (MPa)  28d ~ ASTM C109 (2016a) - - - - - - >26.9
Unit weight (kg/m?®) ASTM C188 (2017) - - - - - - 1440 1440
Jute fiber Bulk density (kg/m®) ASTM D1895 (2010) - - - - 1300 1500 - -
Specific gravity (dry) ASTM D792 (2008) - - - - 15 15
Water absorption (%) ASTM D570 (1998) - - - - 302.7

2.3 Mixing of Materials

The concrete was prepared with aggregates (fine and coarse), water, cement, and JF. The blend was produced
using mix proportions of 1:1.5:3 and 1:2:4 (OPC: FA: CA) at water-to-cement (w/c) ratios of 0.45, 0.50, and
0.55. Three different lengths (10, 15, and 20 mm) and contents (0.25%, 0.50%, and 1.00% by weight of cement)
of JF were incorporated into the mix. The concrete was mixed using a drum-type mixer following the volumetric
method. The details of the materials, along with the corresponding equivalent weights to produce one cubic
meter of concrete incorporating JF, are given in Table 2. According to the table, the mixes are designated as JFC,
which stands for jute fiber modified concrete. The control mix, labeled JFCO, contains 0% jute fiber (JF), serving
as the reference for comparison. The other mixes, designated as JFC0.25, JFC0.50, and JFC1.00, incorporate
increasing JF dosages ranging from 0.25% to 1.00% by weight of cement.

Table 2. Mix proportions for one cubic meter of concrete incorporating jute fiber.

Mix proportions: 1:1.5:3 (by volume) Mix proportions: 1:2:4 (by volume)

Mix Water (kg) Water (kg)

designation CA FA  OPC  JF CA FA OPC JF

w/lc= w/c= wilc= w/ic= wlc= wlc=
ko) (ko ko) k9 55 950 055 ko) (ko) (ko) (k9 45 050 055

JFCO (control) 1270.64 659.05 392.73 0.00 176.73 196.36 216.00 1331.14 690.43 308.57 0.00 138.86 154.29 169.71
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JFCO0.25 1270.64 659.05 392.73 0.98 176.73 196.36 216.00 1331.14 690.43 308.57 0.77 138.86 154.29 169.71
JFCO0.50 1270.64 659.05 392.73 1.96 176.73 196.36 216.00 1331.14 690.43 308.57 1.54 138.86 154.29 169.71
JFC1.0 1270.64 659.05 392.73 3.93 176.73 196.36 216.00 1331.14 690.43 308.57 3.09 138.86 154.29 169.71

2.4 Workability

The workability of jute fiber (JF)-modified concrete (JFC) was assessed using the slump test, conducted in
accordance with ASTM C143 (2020). A frustum-shaped mold, with a bottom diameter of 200 mm, top diameter
of 100 mm, and height of 300 mm, was used for the slump test. Fresh concrete was filled into the mold in three
equal layers, and each layer was tamped 25 times using a 16 mm diameter tamping rod. After leveling the
surface, the mold was lifted vertically within 5 £ 2 seconds. The vertical distance between the top of the mold
and the highest point of the concrete was measured as the slump.

2.5 Fresh Density of Concrete

The fresh density test was conducted on a JFC mix with a proportion of 1:1.5:3 and a w/c ratio of 0.55, selected
based on the slump test results, by ASTM C138 (2008). Cylindrical molds (100 x 200 mm) were filled with fresh
concrete in two or three equal layers. Each layer was tamped 25 times using a tamping rod with a diameter of 16
mm. After consolidation, the top surface was leveled, and the exterior of the container was cleaned. The
combined mass of the concrete and container was then measured. The fresh density was calculated by dividing
the net mass of the concrete by the volume of the mold.

3 Results and Discussion

3.1 Fresh Properties of Concrete
The fresh properties, such as workability and fresh density, of JFC are explained in the following sections.

3.1.1 Workability

Figure 1 shows the slump of JFC for mix proportions of (a) 1:1.5:3 and (b) 1:2:4 at w/c ratios of 0.45, 0.50, and
0.55. The figure reveals that the slump of JFC decreases progressively with increasing fiber content, compared to
the control mix (0% JF), regardless of the w/c ratio or mix proportion. This indicates that increasing JF content
raises the water demand, likely due to the higher water absorption capacity and rough surface texture of JF (Vajje
and Murthy, 2013). As shown in Figure 1(a), the slump values for the mix of 1:1.5:3 are consistently higher than
those for the mix of 1:2:4 in Figure 1(b), which may be attributed to the higher paste content in the mix of
1:1.5:3. The figure also shows that the reduction in slump becomes more pronounced with increasing JF length.
In particular, concrete containing 20 mm JF exhibits lower slump values compared to mixes with 10 mm fibers.
This is likely due to the increased fibrous surface area, which reduces concrete fluidity (Ahmad et al., 2022). A
similar observation was reported by Islam et al. (2023). Furthermore, it is evident that a w/c ratio of 0.55 yields
better workability in JFC compared to wi/c ratios of 0.45 and 0.50. Hence, a w/c ratio of 0.55 and a mix
proportion of 1:1.5:3 were selected for subsequent tests.
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Figure 1. Slump of JFC for mix proportions of (a) 1:1.5:3 and (b) 1:2:4 (by volume)

3.1.2 Fresh Density

The fresh density of JFC with a mix proportion of 1:1.5:3 and a constant wi/c ratio of 0.55 is presented in Figure
2. The control concrete (0% JF) exhibited the highest fresh density (2293.69 kg/m?®). With the addition of JF, the
density decreased by 0.36%, 1.10%, and 1.78% for 10 mm fibers, 0.71%, 1.35%, and 2.15% for 15 mm fibers,
and 1.25%, 1.52%, and 2.23% for 20 mm fibers at 0.25%, 0.50%, and 1.00% JF content, respectively. These
results indicate that fresh density of JFC decreases with increasing JF content, regardless of fiber length. This
reduction is mainly due to the lower specific gravity of jute fibers compared to cement and aggregates. Similar
findings were also reported by Hossain et al. (2023). The authors observed a 7% reduction in fresh density with
2.15% JF by weight of cement, attributing the drop to the lightweight nature of the fiber.
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Figure 2. Fresh density of JFC.

4 Conclusion

Based on the outcomes, the main findings of this study are as follows:
e The workability of JFC decreased progressively with increasing fiber length and content, but satisfactory
workability was achieved at a w/c ratio of 0.55 and a mix proportion of 1:1.5:3.
o The fresh density of JFC decreased with increasing fiber length and content, with a maximum reduction
of 2.23% observed at a 20 mm fiber length and 1.00% content compared to the control concrete.
o Overall, the workable and lightweight concrete can be produced by incorporating JF content up to 1.00%
and fiber length up to 20 mm, using a mix proportion of 1:1.5:3 and a w/c ratio of 0.55.
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