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Abstract

The increasing demand for structures to resist heavy and repeated impact loads highlights the need for materials
that can maintain structural integrity under such conditions. Plain concrete is often used, but it doesn't hold up
well when it's hit. Natural jute fibers were added as support to make it work better as reinforcement. This study
investigated the performance impact of jute fiber—reinforced concrete (JFRC) with fiber lengths of 20, 30, and 40
mm, together with volume fractions of 1%, 1.5%, and 2% of cement content. Cylindrical specimens (100 mm in
diameter and 200 mm in height) were cast, cured for 28 days, and later sliced into discs (101.6 mm % 63.5 mm)
for impact testing. A drop-weight setup was used to apply repeated impacts until failure. The analysis included
impact fracture energy, residual impact strength ratio, ductility index, and crack width. Results showed that the
inclusion of jute fibers enhanced the impact fracture energy by 1.2 to 2.8 times compared with plain concrete. The
fibers effectively absorbed and distributed impact forces, delaying cracking and improving ductility.

Keywords: Jute Fiber Reinforced Concrete (JFRC), Impact Load Resistance; Fracture Energy, Ductility Index;
Natural Fiber Composites.

1 Introduction

Concrete is one of the most common materials used in structural engineering because it is strong and can be
utilized in many different ways. It is also naturally brittle, has poor tensile strength, and is not very ductile, which
renders it weak to dynamic and impact loading. To overcome these limitations, fibers are incorporated into the
concrete matrix to produce fiber-reinforced concrete (FRC). The fibers incorporating with concrete which makes
the material stronger against cracking, bending, and impact, also makes it tougher and better at absorbing energy
than regular concrete (Hussain & Ali, 2019). In worldwide synthetic fibers such polypropylene are still the most
frequent which are becoming more popular as eco-friendly options (Rahman et al., 2010).

Jute is easy to get in South Asia, especially Bangladesh. It is cheap, recyclable, and disposable. It's also strong
and lasts a long time, which makes it a good choice for making concrete stronger (Zakaria et al., 2015; Rahman
et al., 2010). JFRC, or jute fiber-reinforced concrete, is a cheap and eco-friendly solution that improves crack
control, energy absorption, and impact resistance. Hussain and Ali (2019) found that adding 1.5-2% jute fiber by
volume to concrete made it much better at absorbing energy and resisting shocks, showing that it works well even
after being hit several times. Studies on steel fiber-reinforced concrete (Yazici et al., 2013; Moein et al., 2022)
corroborate that fiber incorporation enhances toughness, peak impact force, and displacement ductility,
highlighting the necessity of adjusting fiber type, content, and geometry for impact performance.
Natural fibers in cementitious composites have also been shown to work well. Ramakrishna and Sundararajan
(2005) discovered that coconut coir, sisal, and jute fibers enhanced the impact strength of mortar, with jute
demonstrating significant enhancements. Jute's sustainability is a big plus, in addition to how well it works.
Because it may be used again, it cuts down on the need for materials that are not renewable and utilize a lot of
energy (Rahman et al.,, 2010; Satyanarayana et al., 2009). Chakraborty et al. (2013) noted considerable
improvements in flexural and impact strength when incorporating short jute fibers into cement mortar. Jute fibers
work well in a variety of matrixes because they increased the tensile, bending, and impact strengths of
polypropylene and epoxy in polymer composites (Mohammed et al., 2015; Rahman et al., 2010). Mansur and
Aziz (1982) found that reasonable amounts of jute fibers (0.5-2% by weight) and longer fibers made tensile and
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flexural strengths better. But if there are too many fibers, they may not connect well and make the strength worse.
Ahmad et al. (2022) say that jute makes things more resistant to cracks, more flexible, and longer-lasting, although
the outcomes rely on the fiber's properties and how it is treated.

Though there are progress but still gaps in improving impact test techniques with changing fiber content to find
out long term performance under repeated loads. There are not many comparative studies that use South Asian
jute that was grown in the area. This work seeks to fill these gaps by analyzing the effects of fracture energy,
residual impact strength ratio, ductility index, and crack behavior in concrete reinforced with 1-2% jute fibers of
varied lengths (20—40 mm), in comparison to plain concrete. The goals are to find the best fiber length and dosage
to improve toughness and ductility, which will help design concrete that can withstand impacts and last a long
time. This is especially important for South Asian infrastructure that is exposed to blasts, vehicle collisions, or
storm debris.

2 Materials and Methods

2.1 Materials and Mix Proportions

This study employed a concrete mix designed to achieve a 28-day compressive strength of approximately 30 MPa
(4500 psi) in accordance with ACI 211.1 (American Concrete Institute, 1991). The binder was either Ordinary
Portland Cement (ASTM Type I) or Portland Composite Cement, which is available in the area. Fine aggregate
came from natural sand (fineness modulus ~2.4), and coarse aggregate came from crushed stone (maximum size
12.5 mm). Locally sourced jute fibers were cut to lengths of 20, 30, and 40 mm (Figure 1), pre-soaked for 24
hours, and air-dried for 30 minutes to reduce water absorption (~60% by weight) and improve fiber-matrix
bonding (Chakraborty et al., 2013). The concrete mix ratio (by weight) was 1:1.94:2.13 (Cement:Fine
aggregate:Coarse aggregate) with a water-cement ratio of 0.525. For each fiber length, three fiber volume fractions
(1.0%, 1.5%, and 2.0%) were tested, within the effective range for jute without causing balling (Mansur & Aziz,
1982), while plain concrete (0% fiber) served as the control. Batches were mixed in a drum mixer with fibers
gradually added for uniform dispersion. Slump tests showed JFRC workability between 75-100 mm, slightly
reduced at 2% fiber due to interlocking. Fresh concrete was cast into 4-inch diameter x 8-inch height cylinders,
compacted in two layers with a 16 mm tamping rod. A total of 33 cylinders were cast: 6 plain and 27 fiber-
reinforced (3 replicas per combination), and all specimens were covered with plastic sheets for 24 hours.

(b)
Figure 1. Jute Fiber; (a) 20 mm, (b) 30 mm and (c) 40 mm

2.2 Curing and Specimen Preparation

After 24 hours, the cylinders were demolded and transferred to a curing tank, where all specimens were water-
cured at ~23°C for 28 days to ensure full hydration. Each 8-inch cylinder was then cut into thinner discs for impact
testing using a diamond-blade concrete cutter: the top and bottom ends were trimmed by ~1.5 inches, and the
remaining core was split into two equal discs of ~2.5 inches height, yielding two discs per cylinder. This produced
a total of 60 disc specimens (six discs per fiber combination and six from plain concrete). On the outside of the
reinforced discs, jute threads could be seen clearly. Also, ASTM C39 (American Society for Testing and
Materials, 2020) was used to determine the compressive strength of three standard 4x8-inch plain concrete
cylinders. The average strength was 22.2 MPa, which is about 3200 psi. This means that the mix is normal-strength
concrete that can be used as a standard.

2.3 Drop-Weight Impact Test Setup

The repeated drop-weight method described by ACI Committee 544 (American Concrete Institute, 1989) was
used to check how resistant something was to being hit. To keep the concrete disc in place, there was a strong
steel base plate and a vertical guide frame. The weight drops were always the same. Each disc was 4 inches across
and 2.5 inches thick, and the finished side was facing up. A thin layer of heavy grease held it in place and cut
down on friction. Someone dropped a 4.54 kg steel ball from 12 inches up, picked it up by hand, and then let go
of it. To make sure the ball was in the middle of the object, a plumb bob was used. Each disc was repeatedly
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dropped until failure occurred. The specimen broke into two or more pieces or could no longer hold any more
weight at this point. It was either the first crack that could be seen or the last break. The number of drops required
for each specimen to crack and fail completely was recorded.

2.4 Measurements and Calculations

After impact testing, the crack patterns and widths of each specimen were examined. The maximum crack width
on the top surface was measured using the "Micro-Measurements" smartphone app: a 40 mm reference line was
marked across the major crack, photographed, and used to calibrate the image for accurate measurement at the
widest point (Figure 2). Impact energies were calculated from the number of drops recorded. Each drop of the
4.54 kg weight from 0.305 m generated potential energy E,, = mgh, approximately 13.6 J per blow (12.44 J if
4.16 kg was used). The energy to first crack was E; = N;E,, and the energy to failure E; = N¢E,,, representing the
specimen’s absorption capacity where N; is the number of drops to the first crack and N being the total number
of drops to ultimate failure. The residual impact strength ratio, I.; = Ef/E;, indicates the ability to withstand
additional impacts post-cracking, with higher values showing greater retained strength. The ductility index, A =
(Nf = N)/N; = (Ef — E;)/E; (Rai & Singh, 2021), reflects the number of additional blows or energy absorbed
after initial cracking; higher A denotes greater post-crack toughness. For reference, plain concrete had N; = 3 and
Ny =5, giving A = 0.67. Calculations were performed for each specimen and averaged over three replicates per
fiber configuration to ensure reliability.

.

=

Micro-mesurements

(d)
Figure 2. Crack width measurement using Micro-measurements application; (a) Application logo, (b)
Interface, (c) Setting reference line, (d) Crack width measurement.

(@) (b)

3 Results and Discussion

3.1 Impact Energy Absorption

All samples of jute fiber—reinforced concrete (JFRC) had much better impact resistance than plain concrete. Plain
concrete (0% fiber) broke after three drops and failed after five, taking in about 62 J (12.44 J/blow). JFRC failure
energy rose to 75-112 J (1.2—1.8% plain concrete) even at the lowest fiber dosage (1%). Higher fiber contents
made energy absorption even better, as shown in Figure 3. The specimens with 2% fiber and a length of 40 mm
could withstand 9 drops before cracking and 14 before failing. They absorbed about 174 J, which is almost 2.8
times as much as plain concrete, as shown in Figure 4. In general, longer fibers and higher volumes increased
impact energy. However, the change from 1.5% to 2% fiber was small, especially for shorter fibers. This was
probably because the fibers clumped together and bonded less strongly (Mansur & Aziz, 1982). The best fiber
content was about 1.5% by volume, which doubled impact toughness without causing too many problems with
workability. Longer fibers (30—40 mm) worked better than 20 mm fibers of the same volume because they had
higher aspect ratios that filled in bigger cracks and made the material tougher after it cracked. However, fibers
longer than 40 mm risked entanglement in the 100 mm discs. These results confirm that substantial fiber lengths
and moderate volumes maximize energy absorption, longer jute fibers improve flexural and impact performance
(Mansur & Aziz, 1982), and jute as a cost-effective alternative (Moein et al., 2022).
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Figure 3. Number of blows for different jute fiber volume fractions and fiber lengths for (a) Initiation of
Initial Crack and (b) Fracture
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Figure 4. Impact energy required for different jute fiber volume fractions and fiber lengths for (a) Initiation of
Initial Crack and (b) Fracture

3.2 Failure Mode and Crack Behavior

Plain concrete discs exhibited brittle failure under impact, typically forming one or two large cracks that rapidly
propagated and caused the specimen to split into several pieces, showing minimal capacity to sustain load after
the first crack (Figure 5). The interval between initial cracking and ultimate failure was short, usually only about
two additional blows. JFRC specimens, on the other hand, were more ductile and developed multiple cracks over
time. Fibers crossed the crack faces, which made the specimens able to take more hits. A visual inspection showed
that there were networks of fine cracks, and even after nominal failure, fibers often held the pieces together. Most
cracks in plain concrete were about 3.12 mm wide. As you can see in Figure 6, the cracks were smaller in JFRC
with 1.5% to 1.5% fiber. This means that the cracks were well dealt with. For example, a width of about 2.36 mm
was made by 1.5% fibers that were 20 mm long. When using 2% fiber, especially 40 mm fibers, crack widths

grew to about 3.32 mm because the fibers clumped together and weren't spread out evenly, leaving weak spots.
These results show how important it is to get the right amount of fiber. A fiber content of 1.5% to 1.5% gives the
best mix of crack control and ductility. This makes several small cracks instead of one big one.

(b) ©

Figure 5. Specimens after impact test; (a) plain concrete, (b) Jute fiber reinforced concrete, (c) Fiber bridging
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Figure 6. Maximum width of the first crack for different jute fiber volume fractions and fiber lengths
applying 12.44 J per blow

3.3 Residual Strength and Ductility Indices

The residual impact strength ratio (I,.¢) for all jute fiber reinforced concrete (JFRC) specimens ranged from about
1.43 to 1.67 (Figure 7), indicating that JFRC could absorb roughly 50—70% more energy after cracking before
failure. Plain concrete also showed I = 1.67(62.2 J / 37.3 J) but failed almost immediately due to its low total
energy. While both had similar ratios, JFRC absorbed much higher absolute energy—for instance, a 2% 40 mm
specimen absorbed ~62 J after cracking, more than twice that of plain concrete. The ductility index (1) for JFRC
ranged from 0.43 to 0.67 (Figure 8), compared to A = 0.67for plain concrete. Some JFRC mixes (e.g., 1% fiber)
had slightly lower 4, showing better pre-crack resistance but modest post-crack ductility, whereas 1.5% 20 mm
fibers maintained A = 0.67with greater toughness. Overall, jute fibers enhanced crack resistance and energy

absorption, making concrete far less brittle. Hybrid fibers, as suggested by Rai and Singh (2021), could further
improve post-crack ductility.
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Figure 7. Residual Impact Strength Ratio for Figure 8. Ductility Index for different jute fiber
different jute fiber volume fractions and fiber lengths volume fractions and fiber lengths

3.4 Comparison with Other Studies

The findings align with previous research on fiber reinforcement. The observed 1.2—2.8-fold improvement in
impact strength with jute fiber matches Hussain and Ali's (2019) results showing superior impact resistance in
JFRC compared to plain concrete. The optimal fiber content of about 1.5% agrees with earlier studies (Mansur &
Aziz, 1982; Ramakrishna & Sundararajan, 2005), where low fiber content offered little benefit while excessive
fiber reduced workability and bonding According to Mansur and Aziz (1982), jute fibers made tensile and flexural
strength and crack resistance better with little effect on compressive strength. Jute is a cheaper and more
environmentally friendly option than steel fibers, which improve impact resistance but are expensive and prone
to rust (Moein et al., 2022). This is very true in South Asia, since jute is simple to find there (Zakaria et al., 2015).
Though jute does break down over time, it can be made to last longer with alkali processes and pozzolanic
admixtures (Ahmad et al., 2022). In general, JFRC changed concrete from being brittle to semi-ductile. This made
it better at soaking energy and easier to keep cracks under control. Because of this, it was good for floors,
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sidewalks, and walls. In places like Bangladesh and India, jute is mixed with concrete to make it cheaper and last
longer while still working well.

4 Conclusion

This research demonstrated that jute fiber-reinforced concrete (JFRC) exhibits markedly superior impact
performance compared to conventional concrete. Jute fibers enhanced the amount of energy absorbed by an impact
by 1.2 to 2.8 times, delayed the creation of cracks, and changed the way failure happened from brittle to ductile
by bridging cracks. The best fiber content was about 1.5% by volume, which gave the best balance between impact
resistance and workability. Longer fibers (30—40 mm) made the material even tougher and stronger after repeated
impacts. These results show that JFRC can be a long-lasting, low-cost option for structures that are likely to get
hit, like sidewalks, industrial floors, and protective barriers. Future study should improve fiber properties
including composition, length, and surface treatment, and look into mixed combinations of steel or polypropylene
fibers to improve performance even more. Long-term research on how well JFRC holds up to moisture,
temperature, and environmental stress, as well as large-scale field tests, are needed to prove that it is reliable and
useful in current construction.
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