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Abstract

This paper presents an investigation into the properties of M25-grade concrete containing untreated banana fibers.
Fibers with three different lengths (10 mm, 20 mm, and 35 mm) at different contents (0.25%, 0.5%, 1.0%, and 1.5%
by weight of cement) were used. Standard cylindrical specimens were tested for compressive strength, split tensile
strength, and modulus of elasticity according to ASTM standards. Accordingly, it was seen that low dosages of fiber
(0.25-0.5%) produced minimal loss in compressive strength; whereas tensile strength and stiffness increased with an
increase in the length of fiber up to a moderate dosage of fiber. Optimum performance was attained with 1.0% fiber
content at 35-mm length, Mix M11, which exhibited a 3.75% increase in elastic modulus and a 28.6% increase in
tensile strength compared to the control. The test results suggest that untreated banana fibers can be effectively used
to generate an eco-friendly, ductile concrete with enhanced crack resistance and sustainable construction.
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1.Introduction

Concrete is the most popular building material in the world because it is easy to make, lasts a long time, and is very
strong (Yadav, 2022; Arulraj et al., 2024). Because it is naturally brittle, has low tensile strength, and hurts the
environment, researchers have looked into eco-friendly and performance-boosting alternatives (Mahi et al., 2024).
Adding natural fibers to concrete is a promising way to make it stronger and better for the environment (Rawat, 2020).
Researchers have looked into jute, coir, sisal, and flax fibers as ways to make materials more flexible and stronger
because they are cheap, biodegradable, and can be used again (Majumdar et al., 2022). Another good option for
reinforcement is banana fibers made from agricultural waste. They are strong and break down naturally (Balda et al.,
2021; Priyadharshini et al., 2024). However, there is still not much research on how untreated banana fiber can be
used in concrete, especially when it comes to the effects of fiber length and dosage (Ali et al., 2022).

This paper examines the compressive strength, split tensile strength, modulus of elasticity, and workability of M25-
grade concrete with the inclusion of untreated banana fibers. Using ASTM-standard cylindrical specimens, we tested
fibers that were 10, 20, and 35 mm long and had 0.25%, 0.5%, 1.0%, and 1.5% contents. The test results show that
banana fiber could be used to make long-lasting, high-performance concrete for civil engineering projects that are
going on right now.
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2. Materials and Methodology

2.1 Materials

* Cement: The binding agent employed is Ordinary Portland Cement (OPC) which is of 53 grade a type that meets
ASTM C150

» Fine Aggregate: It was made up of clean, properly graded, river sand via 4.75 mm filter, as per ASTM C33.
» Coarse Aggregate: As per ASTM C33, a crushed angular stone of max 20mm, without any contamination, was
employed.

» Banana Fibers: The extraction of banana fibers from the pseudo stem of mature banana plants was done by hand
extraction after harvesting. The method was began with the pseudo stem being cut near the base of the plant, followed
by longitudinally breaking the outer sheaths. The inner fibrous layers were then removed by hand using a knife or a
stripping instrument to extract natural fibers from the fleshy sections.

The retrieved fibers were rinsed with clean water to remove sap, pith, and leftover organic materials. They were then
sun-dried for 3 to 5 days to eliminate surface moisture and obtain a uniform dry texture appropriate for use in concrete.
No chemical treatment or surface modification was undertaken in order not to change the fibers from their native,
untreated condition.

The fibers, after drying, were hand-combed to eliminate any entanglements and clump formation; these were then
scissor-cut into specific lengths of 10 mm, 20 mm, and 35 mm to maintain the homogeneity in each. The prepared
fibers were kept in airtight containers to avoid the absorption of moisture before mixing. These fibers were added to
concrete at dosages of 0.25%, 0.5%, 1.0%, and 1.5% by weight of cement in this research.

Figure 1 displays the untreated banana fibers after the drying and cutting process

Figure 1: Banana fiber after processing

2.2 Mix Proportions

The mix design drafted was that of M25 grade concrete with a typical 25 MPa of compressive strength at 28 days.
The mix was made based on the recommendations of ACI 211.1; the ratio between water and cement was 0.45.
Proportions of the control mixes were kept constant on the basis of weight in all mixes to eliminate the effects of fiber
content and length. The percentage of weight of banana fibers to that of cement was added. Every mix batch was cast
in the form of cylinders (100 mm diameter X 200 mm height only). Table 1 brings blend proportions.

Table 1: Mix Proportions and Fiber Parameters for M25 Concrete (per m?)

. Fiber Content Fiber Fine Coarse Fiber
Mix o Cement Water
D (% by cement Length (kg) Aggregate Aggregate (kg) Mass
weight) (mm) (kg) (kg) (kg)
MO 0.00 (Control) - 400 720 1200 180 0.00
Ml 0.25 10 400 720 1200 180 1.00
M2 0.50 10 400 720 1200 180 2.00
M3 1.00 10 400 720 1200 180 4.00
M4 1.50 10 400 720 1200 180 6.00
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M5 0.25 20 400 720 1200 180 1.00
M6 0.50 20 400 720 1200 180 2.00
M7 1.00 20 400 720 1200 180 4.00
M8 1.50 20 400 720 1200 180 6.00
M9 0.25 35 400 720 1200 180 1.00
M10 0.50 35 400 720 1200 180 2.00
M1l 1.00 35 400 720 1200 180 4.00
M12 1.50 35 400 720 1200 180 6.00

3. Results and Discussion

3.1 Workability

Figure 2: Slump test
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Figure 3. Workability (Slump Values) of BFRC Mixes at 28 Days (M0-M12)

The workability of fresh M25 concrete was assessed using the slump test according to ASTM C143/C143M, as
illustrated in Figure 3. The droop in the concrete reflects its workability, defined as the ease with which concrete may
be mixed, put, and compacted. The slump value for the control mix (M0) was 75 mm, with no banana fiber. The slump
value declined continuously with increased fiber content and fiber length up to 34 mm for Mix M12 (1.5%, 35 mm),
reflecting a fall of roughly 54.7%. The causes can be linked to tangling of threads, a rise in surface area that leads to
higher water absorption, and internal friction, especially at 1.0% and lengths above 20 mm. The decrease in slump is
regarded as adequate for concretes with 1.0% fiber content or less. However, low slump might give rise to difficulties
like honeycombing, air spaces surrounding reinforcement, and greater labor inputs, which can be somewhat alleviated
by the inclusion of superplasticizers or by employing fibers below the necessary dose. Figure 1 indicates that
integrating banana fibers has major impacts on new concrete; hence, an ideal dose of the fibers is essential to balance
between workability and mechanical qualities.

3.2 Compressive Strength
Standard cylindrical specimens of 100 mm diameter and 200 mm height were prepared for determining the 28-day
compressive strength of M25-grade concrete incorporating untreated banana fibers of various lengths and contents.
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Testing was carried out according to ASTM C39/C39M. Results of thirteen fiber-reinforced mixes, along with the
control mix (MO), are shown in Figure 2. The control mix recorded a strength of 32.00 MPa, consistent with
conventional M25 concrete. Adding banana fibers made the compressive strength go down slowly, either because the
fibers got longer or more of them were added. The lowest value, 26.12 MPa, was found for Mix M12 (1.5%, 35 mm).
This was mostly because the fibers clumped together, the mix wasn't compacted properly, and the bonding in the
interfacial transition zone wasn't good. Mixes with less fiber (0.25-0.50%) and shorter lengths (1020 mm), on the
other hand, only showed small drops in strength, staying in the range of 31.44 to 31.72 MPa. All of the mixes had a
strength of more than 25 MPa, which showed that they were strong enough.
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Figure 2. Compressive Strength of BFRC Mixes at 28 Days (M0-M12)

3.3 Split Tensile Strength

364 Fiber Length sy
—a— 0mm
—e— 10 mm
3.54 =& 20 mm
<@ 35mm .
B Control (M0)
_ 34
o
o »
< 331 -
& 324 7
wn " ."‘ ”
K o e
] K Pras
& 314 P s
E—
3.0
2.9 4
281 N

00 02 04 06 08 10 12 14
Fiber Content (% by weight of cement)

Figure 3. Split Tensile Strength of BFRC Mixes at 28 Days (M0-M12)

Figure 3 shows the variation in the split tensile strength of M25 concrete mixes with banana fiber content and length.
In the control mix MO, without any fibers, the tensile strength was 2.80 MPa. The addition of banana fibers showed a
gradual increase in tensile strength for all fiber lengths. For 10 mm long fibers, the strength increased from 2.86 MPa
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at 0.25% to 3.03 MPa at 1.5%. Similarly, the values increased from 2.91 MPa to 3.36 MPa for 20 mm long fibers, and
for 35 mm long fibers, the values increased from 2.97 MPa to 3.60 MPa. The increase in tensile strength is basically
imparted through the effective stress transfer between matrix and fibers, which resists crack propagation. Longer fibers
provide greater bridging across microcracks, which has a positive effect on the post-cracking behavior of the concrete.
However, excessive fiber content results in clumping or uneven distribution, hence reducing workability. The general
indication of the results seems to be that both fiber content and fiber length enhance the tensile strength up to an
optimum value, beyond which workability needs to be considered to keep the performance balanced.

3.4 Modulus of Elasticity
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Figure 4. Modulus of Elasticity of BFRC at 28 Days for Mixes M0-M12
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Figure 5: Stress—Strain Diagram (Log Scale) for Determining Modulus of Elasticity

The elastic modulus of M25 BFRC was measured after 28 days of curing, for which 100 x 200 mm cylindrical
specimens were prepared according to ASTM C469/C469M. It can be observed that the elastic modulus of the control
mix, M0, was 24.00 GPa, whereas for mix M11 (1.0% fiber content, 35 mm length), it was 24.90 GPa, which was an
increase of approximately 3.75% and represented increased stiffness (Figure 4).
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Figure 5 plots the stress-strain relationship for both the control and best-performing mix on a logarithmic strain scale
to better visualize the initial elastic region. Observed enhancement in modulus is related to microcrack bridging and
load transfer efficiency, plus reinforcement effects of fiber-matrix. The stiffness plateau at 1.5% fiber content in Mix
M12 could be due to fiber agglomeration and loss of workability. In addition, while overall improvement may seem
rather modest, such a characteristic contributes to crack control and a reduction of deflections in precast elements and
enhanced ductility in seismic applications.

4 Conclusion

The experimental investigation proved that the addition of untreated banana fibers significantly impacted the
mechanical and physical properties of M25 grade concrete. There was a loss of workability with increased fiber
content and length because of the interlocking of fibers, increased surface area, and high absorption of water. However,
mixes with up to 1.0% fiber had sufficient workability and demonstrated that fibers could be used without the need
for chemical treatments. At larger fiber concentrations, compressive strength went down a little bit because the fibers
weren't as tightly packed and the bonds between the fibers and the matrix weren't as strong. But all of the combinations
had a value higher than 25 MPa, which is the lowest number needed to show that they were structurally sound. The
split tensile strength continuously increased when additional fibers were introduced, which showed that the fibers
were effective at bridging cracks and transferring stress. Mix M11 (1.0% FC, 35 mm length) showed the maximum
performance, with a split tensile strength of 3.60 MPa and an elastic modulus of 24.90 GPa. This was a rise of 28.6%
and 3.75% over the control mix, respectively. These experiments demonstrate that raw banana fibers make objects
more flexible, stronger, and less prone to break. This implies they will be a fantastic alternative for eco-friendly
reinforcement. Using them in construction benefits the environment by recycling agricultural waste into something
valuable and using less synthetic resources. Further investigations are proposed on fiber surface modification and
durability when exposed to environmental conditions for a lengthy period of time.
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