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Abstract

Agricultural waste, particularly jute fiber (JF), is emerging as a promising material in South Asian concrete
industries due to its availability, reinforcing capability, and low cost. Hence, this study investigates the effect of
jute fiber (JF) on the compressive strength ( f ', ) of concrete. To achieve this, material properties were evaluated

before concrete production. JF was incorporated at varying lengths (10, 15, and 20 mm) and contents (0.25, 0.50,
and 1.00% by weight of cement). A total of 420 cylinders (150mm x 300mm) were cast using a volumetric mix
proportion of 1:1.5:3 (cement: fine aggregate: coarse aggregate) and a water-to-cement ratio of 0.55. After 28
days of curing, the JF-reinforced concrete (JFRC) specimens were tested for f'.. The results showed that

the f ', of JFRC increased with JF content up to 0.25% compared to the control concrete (0% JF), regardless of

fiber length. Among all variations, the 15 mm fiber length exhibited the highest strength improvement, while
0.25% JF with a 20 mm fiber length was identified as the optimal limit. The study also proposed relationships
among f ., JF content, and fiber lengths to provide insights into the effective use of JF in concrete production.
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1 Introduction

Concrete is a fundamental and extensively used material, renowned for its strength, availability, and economic
feasibility in the construction industry (Krauss and Paret, 2014). However, due to its brittle nature, concrete
provides high compressive strength but compromises ductility and tensile strength (Chandramouli et al., 2010).
To address this, many reinforcement materials, including synthetic fibers (polyvinyl alcohol, polyvinyl chloride,
polyethylene terephthalate, nylon) and natural fibers (kenaf, hemp, coir fiber, sisal, and jute fiber), have been
utilized over time. Among these, natural fibers have shown notable potential for improving the mechanical
properties of concrete (Bheel et al., 2021; Yan et al., 2016). These fibers also contribute significantly to reducing
environmental risks (Silva et al., 2020).

An agricultural by-product named jute fiber (JF) is a biodegradable and renewable raw material derived from the
Corchorus plant. It is one of the most commonly used natural fibers in making concrete (Kundu et al., 2012;
Mansur and Aziz, 1982). It has recently been applied for various applications, such as tunnel linings, blast-
resistant structures, concrete overlays, high-strength and high-performance concretes, pozzolanic concrete, and
rigid pavement systems. This is primarily due to its low cost and easy availability in Bangladesh. The country
ranks as the second-largest jute producer in the world, with 1.38 million tons or around 33% of global production
(FAO, 2025). The incorporation of JF in concrete is intended not only to enhance compressive strength but also
to mitigate environmental issues. This aligns with global efforts to promote sustainability (Ubayi et al., 2024).
However, it is well known that the incorporation of JF introduces several challenges, such as bulkiness, surface
flaws, fiber agglomeration, and balling during mixing. These issues can lead to matrix segregation, pore
formation, and honeycombing, thereby reducing the strength.

Many researchers (Bheel et al., 2021; Islam and Ahmed, 2018; Kim, 2013; Razmi and Mirsayar, 2017; Yan et
al., 2016) have utilized JF in concrete to enhance its mechanical properties, particularly its compressive strength.
Among them, Kim (2013) investigated JF-reinforced concrete (JFRC) using 9 mm-long fibers and reported that
compressive strength increased with rising fiber content. Similarly, Razmi and Mirsayar (2017) used 20 mm-long
JF and observed a 37% increase in compressive strength with 0.50% fiber content at 28 days. Islam and Ahmed
(2018) also varied the amount of JF based on the total volume of concrete and found improvements in
compressive strength compared to control concrete.
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Many studies (Bheel et al., 2021; Islam and Ahmed, 2018; Kim, 2013; Kundu et al., 2012; Mansur and Aziz,
1982; Razmi and Mirsayar, 2017; Yan et al., 2016) have focused on the compressive strength of concrete
incorporating JF. However, research on the combined effects of varying fiber lengths and contents (by weight of
cement), particularly for a mix with a volumetric ratio of 1:1.5:3 and a water-to-cement ratio of 0.55, remains
limited. Moreover, to the best of the authors’ knowledge, there is a significant gap in understanding the
relationship among compressive strength, JF content, and fiber length in JFRC. This study addresses these gaps
by investigating the combined effects of varying jute fiber lengths and contents, and their relationship with the
compressive strength of JFRC under controlled mix proportions.

2 Materials and Methodology

2.1 Raw Materials
To execute the experiment, crushed gravel was obtained from the Sylhet region of Bangladesh, sieved for

grading, and used as coarse aggregate (<19 mm). Locally available river sand was also collected from Sylhet and
used as fine aggregate. To reinforce the concrete, jute fibers of different lengths (10, 15, and 20 mm) were
collected from a local market and incorporated into the mix without any chemical treatment. The fibers were
added as a percentage by weight of Ordinary Portland Cement (OPC), which was used as the binder. Potable
water was obtained from the laboratory and used for both mixing and curing of the concrete.

2.2 Tests on Raw Materials

Several tests were conducted to determine the characteristics of the raw materials in accordance with ASTM
standards. The results were compared with previous studies and relevant specifications, as presented in Tables 1
and 2. The properties of the raw materials closely align with those reported in previous studies, and the OPC
satisfies the requirements for ASTM Type | cement. However, the characteristics of JF may vary due to
differences in its source, climatic conditions, location, humidity, and geometrical properties (Burrola-NUfiez et
al., 2018). Burrola-Nufiez et al. (2018) reported that the diameter and density of JF range from 40-60 um and
1300-1450 kg/m3, respectively.

Tablel. Properties of materials.

Properties Test standard Materials
Fine aggregate Coarse aggregate OPC
Present Islam and Present Sarker et Present ASTM C150
study Shahjalal (2021) study al. (2017) study (2021)
Fineness modulus ASTM C136 (2001) 3.28 2.56 7.33 6.75-8.0 - -
Unit weight (kg/m?) ASTM C29 (1997) 1461 - 1563 1525 1440 -
Specific gravity (dry) ~ ASTM C127/128 (2001) 2.6 2.37 2.65 2.68 - -
Water absorption (%) ASTM C127/128 (2001) 0.82 34 0.66 0.10-3.0 - -
Moisture content (%) ASTM C566 (2013) 06 - 1.63 - - -
Normal consistency (%)  ASTM C187 (1998) - - - - 27 28-32
Setting time Initial ASTM C191 (2001) - - - - 150 >45
(min) Final - - - - 300 <375
Compressive 3d ASTM C109 (2007) - - - - 2214 12
strength (MPa) 7d — — — — 25.24 28

Table 2. Properties of jute fiber.

Fiber length (mm) Diameter Aspect ratio Density Water absorption Reference
(pm) (Ird) (kg/m®) (%)
10, 15, and 20 42.8 233.64 1300 302.7 Present study
10and 20 100 100 1450 160 Islam and Ahmed (2018)

2.2 Preparation and Mixing of Materials

To prepare the concrete mix, both coarse and fine aggregates were saturated with water. Coarse aggregate was
then mixed with varying percentages of JF (0, 0.25, 0.50, and 1.00% by weight of cement) to achieve a uniform
mix. Three different lengths of JF (10, 15, and 20 mm) were incorporated into the mix. All materials were placed
into the mixing machine, and the drum was rotated for about 2 to 3 minutes. The concrete was prepared using a
volumetric mix proportion of 1:1.5:3 and a constant water-to-cement (w/c) ratio of 0.55. Table 3 presents the mix
design and material quantities by weight required to produce 1 m3 of concrete, both with and without JF. In the
table, the mix designation JFRCO (control) refers to jute fiber reinforced concrete incorporating 0% jute fiber
(JF), while JFRC0.25 to JFRC1.00 represent mixes containing 0.25% to 1.00% JF, respectively.
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Table 3. Mix design for 1 m® of concrete incorporating JF.
Mix Coarse aggregate Fine aggregate OPC JF Water
designation (kg) (kg) (kg) (kg) (kg)

JFRCO (control) 1278.82 597.68 392.73 0.00 216.00
JFRCO0.25 1278.82 597.68 392.73 0.98 216.00
JFRCO0.50 1278.82 597.68 392.73 1.96 216.00
JFRC1.00 1278.82 597.68 392.73 3.93 216.00

2.3 Preparation and Casting of Specimens

The steel cylindrical molds (150 mm x 300 mm) were brushed, cleaned, and fastened with nut-bolts. To
facilitate demolding, the inner sides of the molds were coated with oil. After unloading the fresh concrete from
the mixer, the molds were filled according to ASTM C31 (2003). The filled molds were left undisturbed for 24
hours on a flat surface in the laboratory at ambient temperature. Afterward, the hardened samples were
demolded, marked, and cured in the laboratory curing tank for 28 days.

2.5 Test on Hardened Concrete

After 28 days, a total of 420 cylindrical specimens were subjected to compressive strength testing using a 1000
kN capacity universal testing machine according to ASTM C39 (2003). Three specimens with the same
composition were tested, and their average values were reported.

3 Results and Discussion

3.1 Compressive Strength ( f*.)
Figure 1 illustrates the compressive strength ( f'.) of JFRC at different contents of JF varying with 0.25%,

0.50% and 1.0% for three different fiber lengths (10mm, 15mm, and 20mm). The figure shows that the control
concrete (0% JF) exhibited a strength of 28.61 MPa. The addition of JF improved strength up to the 0.25% fiber
content, irrespective of fiber length, with improvements of 1.32%, 1.58%, and 0.60% for 10 mm, 15 mm, and 20
mm fibers, respectively. Increasing fiber length from 10 mm to 15 mm further enhanced strength by 0.26%,
0.33%, and 0.54% for 0.25%, 0.50%, and 1.0% JF contents, respectively. The radar chart, as shown in Figure 2,
also depicts the normalized f ', of JFRC. The chart compares the strength of different JF contents for 10 mm, 15
mm, and 20 mm fiber lengths, respectively, with that of control concrete. This illustration also confirms that
concrete containing 0.25% JF shows higher £, for all fiber lengths. This strength gain may be attributed to the
fiber—bridging effect, which resists transverse deformation (Yan and Chouw, 2014). Moreover, Aziz et al. (1981)

noted that fibers with lower contents form strong bonds due to their rough surface, enhancing composite
integrity.
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Figure 1. Compressive strength of JFRC at varying fiber ~ Figure 2. Normalized compressive strength of JFRC.
contents and lengths compared with control concrete.

However, beyond 0.25% fiber content, f ', declined with the increase in both fiber contents and lengths. For 10
mm fibers, strength decreased by 0.59% and 2.37% at 0.50% and 1.0% contents, respectively. Similarly, 15 mm
fibers showed reductions of 0.26% and 1.85%, while 20 mm fibers decreased by 2.11% and 3.76% at the same
contents. Furthermore, increasing fiber length from 15 mm to 20 mm resulted in strength losses of 0.97%,
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1.85%, and 1.95% at 0.25%, 0.50%, and 1.0% JF contents, respectively. Similar findings were reported by
Zarakia et al. (2017). This decline is mainly attributed to excessive fiber content, which increases voids, causes
fiber balling, and leads to poor dispersion, thereby reducing compressive strength (Mello et al., 2014; Aziz et al.,
1981). Therefore, the compressive strength of 15 mm-long JF is not only better than that of 10 mm and 20 mm-—
long JFs, but also shows the peak value of f ' at the 0.25% JF incorporation to the JFRC. In contrast, Razmi and

Mirsayar (2017) reported optimum f ', for 20 mm-long JFs at a 0.50% dosage. This variation may be attributed to

their use of chemical admixtures, including superplasticizer, and manual dispersion of short JFs during mixing to
ensure uniform distribution before casting. Similarly, Kim (2013) achieved optimum f ', at higher fiber contents,

possibly due to the combined use of chemical admixtures and manual dispersion techniques. However, in the
present study, no chemical admixtures or manual dispersion methods were applied; the fibers were simply mixed
into the concrete without any pretreatment, which may explain the decline in f ', beyond 0.25% fiber content.

According to ACI 318 (2019), concrete used for structural purposes must exhibit a minimum f ', of 17.25 MPa.
The JFRC developed in this study achieved a minimum f ', of 27.53 MPa at 1.00% fiber content with 20 mm-
long fibers. This meets the code requirements and demonstrates its potential for use in structural applications.

3.2 Relationships among f ', , JF Content, and Fiber Lengths

Figure 3 illustrates the relationship among f ., jute fiber content (JFC), and fiber length (JFL). It presents a
three-dimensional (3D) surface model (hyperbolic paraboloid) that visually depicts how f ', varies with different
JF contents and fiber lengths. The figure reveals that the f ', of JFRC is influenced by both the content and length
of JF. This relationship can be expressed by the following equation (Equation 1):

f'.=—0.91JFC? —0.01JFL? + 0.23JFL + 27.4 (1)

Where f ', is the compressive strength after 28 days of curing (MPa), JFC is the jute fiber content (%), and JFL is

the jute fiber length (mm). The surface model reveals that fiber length initially contributes to strength
enhancement up to a certain limit; however, excessively long fibers or high fiber contents result in a decline in
strength. The optimum f ', is indicated by the tangential horizontal plane of the surface, corresponding to an
approximate JFL of 17.5 mm and a JFC of about 0.25%. This combination provides a balanced proportion for
maximum f ;. Predictive accuracy of Equation (1) was assessed by calculating performance indices (r, R?
adjusted R?, SSE, SE, RMSE, and MAPE), based on the comparison of Equation (1) predictions with
experimental data. Figure 4 shows the experimental results versus predicted f ', of JFRC at 28 days, while Table

4 summarizes the calculated indices.
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Figure 3. Relationships among f'., JF contents, and  Figure 4. Experimental results versus predicted f ', of

fiber lengths at 28 days. JFRC at 28 days.
The regression model (Figure 4) exhibits a moderate to high fit, as confirmed by the R2 and adjusted R2 values.
This indicates that about 67%—70% of the variation in f ', is captured by the model. The relatively low SE, SSE,
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and RMSE values further confirm the reliability and predictive accuracy of Equation (1). Therefore, it can be
concluded that the present study provides a reliable relationship among f ', , JFC and JFL.

Table 4. Model performance indices.

Parmeters Symbol Value
Correlation coefficient r 0.83
Coefficient of determination R? 0.70
Adusted R-square - 0.67
Sum of squared error SSE 2.40
Standard error SE 0.27

Root mean squared error RMSE 0.26
Mean absolute percentage MAPE 0.70
Mean absolute error MAE 0.20

3.3 Limitations and Future Work
This study focused on the effect of varying lengths and contents of untreated JF on 28-day f ', using a constant

mix proportion (1:1.5:3) and a w/c ratio of 0.55. While the relationships among fiber length, content, and
compressive strength were analyzed, other mechanical properties, such as split tensile and flexural strength, as
well as durability aspects, were not investigated. Future research could explore the effects of treated fibers,
perform microstructural analyses, and evaluate the mechanical and durability properties of JFRC. Parametric
studies could also assess the combined effects of fiber length, content, and treatment on its performance.

4 Conclusion

The following conclusions can be drawn based on the findings:
i) JFRC achieved a 0.60%-1.58% higher f ' than that of the control concrete at 0.25% fiber content (by

weight of cement) and fiber lengths ranging from 10 to 20 mm.

ii) Among fiber lengths, 15 mm fibers were the most effective, yielding the highest strength and exhibiting
the least reduction at higher contents compared to 10 mm and 20 mm fibers.

iii) The optimal incorporation limit was observed with 0.25% JF content combined with a 20 mm fiber
length. The f ', of JFRC can be predicted using Equation 1.

iv) Based on the outcomes, 0.25% JF content with 20 mm-long fibers appears to be the optimal limit for
JFRC, while mixes with up to 1.00% fiber content at the same length still meet the minimum strength
requirements for structural concrete specified by the ACI committee. This confirms that JFRC is suitable
for structural applications.
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