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Abstract

This work examines the effect of untreated and alkali-treated jute fibers on the mechanical properties of M20 grade
concrete related to sustainable construction materials. Jute fibers with a length of 15 mm were added at 0.1%, 0.2%,
and 0.4% volume fractions, while alkali treatment was conducted for 2 hours using a 6% NaOH solution. The
measurements of mechanical properties at 28 days comprised compressive strength, split tensile strength, and modulus
of elasticity. It was seen that alkali treatment enhanced the adhesion between fiber and matrix by removing
hemicellulose and lignin, which improved mechanical interlocking. Accordingly, the dosage at 0.2% treated fiber
developed the optimum performance: it increased 4.2% in compressive strength, 20% in split tensile strength, and
4.1% in modulus of elasticity over the control mix. Beyond this dosage, increased excessive fiber content reduced
workability and strength. These findings confirm alkali-treated jute fiber as an effective, low-cost, eco-efficient
reinforcement for sustainable concrete production.
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1 Introduction

Concrete is, by far, the most consumed material for construction globally, considering its wonderful compressive
strength, versatility, and relatively low cost (Choong et al., 2022). Even with these unique properties, conventional
concrete has the attendant weakness of intrinsic brittleness and low tensile and flexural strength, limiting use under
dynamic or tensile stress (van Zijl et al., 2012). More critically, the environmental impact of cement production,
accounting for approximately 8% of human-made CO: emissions, has accelerated the quest for greener alternatives in
the construction of building materials (Andrew, 2018).

Natural fiber-reinforced concrete has been identified as one of the eco-friendly replacements for synthetic fiber-
reinforced composite materials. Natural fibers like jute, coir, and sisal are degradable, available locally, and renewable,
hence suitable for environmentally friendly production of concrete (El-Nadoury et al., 2020; Wang et al., 2023). Of
them, the jute fibers have gained significant interest due to their abundance, affordability, and good tensile properties,
especially in South and Southeast Asia (Shahinur et al., 2022). Despite these benefits, jute fibers, if not treated, are
prone to poor adhesion with the cement matrix because of their smooth surface and hydrophilic nature. All these
definitely lead to low interfacial adhesion and a reduction of the long-term durability of the composites (Huang et al.,
2023; Islam et al., 2021). The treatment of alkali by applying sodium hydroxide (NaOH) has, however, been effective
in overcoming these limitations, as it enhances the bonding between the fiber and the matrix by removing lignin,
hemicellulose, and impurities from the surface and hence increasing the roughness of the surface along with
mechanical interlocking. According to Islam et al. (2021) and Saba et al. (2023), aside from improving the mechanical
properties, the treatment improves dispersion and resistance to moisture-induced degradation.
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The present study aims to investigate the effect of alkali-treated and untreated jute fibers on the mechanical properties
of M20 grade concrete. Precisely, optimum fiber dosage is quantified, and the effect of alkali treatment on compressive
strength, split tensile strength, and modulus of elasticity is analyzed. Quantification of these relations through the
present study will help to drive the production of eco-efficient and sustainable fiber-reinforced concretes in structural
and non-structural applications.

2. Materials and Methodology

2.1 Materials

All materials used were selected to conform to ASTM specifications so that the test results would be reproducible and
reliable. Concrete was proportioned to a target compressive strength of 20 MPa at 28 days using the recommendations
of ACI 211.1 and ASTM C192.

Cement: The main binder used in the concrete mix was Ordinary Portland Cement (OPC) to ASTM C150 Type L. It
had a specific gravity of 3.15, a standard consistency of 31%, an initial setting time of 125 minutes, and a final setting
time of 245 minutes.

Fine Aggregate: The fine aggregate used is clean natural river sand that complies with ASTM C33, having a specific gravity of
2.63, a fineness modulus of 2.74, and water absorption of 1.2%. It had been washed and oven-dried before mixing to avoid
impurities or variations in moisture levels.

Coarse Aggregate: The crushed angular aggregates used were of 20 mm nominal size, conforming to the requirements of ASTM
C33. Coarse aggregates had a specific gravity of 2.70, with a bulk density of 1550 kg/m? and water absorption of 0.5%.

Jute Fibers: Natural jute fibers of local origin were used as reinforcement. Their average length was 15 mm, and the
diameter was within the range of 50-80 pm. Their tensile strength was 350—400 MPa, modulus of elasticity 10-12
GPa, and density 1.46 g/cm?®.

= Untreated Fibers: Fibers used without modification in their natural state.

= Alkali-Treated Fibers: The fibers were treated for 2 hours in a 6% NaOH solution to remove hemicellulose, lignin,
and waxy layers from the surface, improving surface roughness and enhancing fiber—matrix adhesion. The treated
fibers were washed with distilled water to obtain a neutral pH and then air-dried at 25 + 2°C for 24 hours before use.

Alkali treatment increased surface fibrillation and reduced hydrophilicity. This enhanced interfacial bonding through
the mechanical interlocking effect.

2.2 Mix Proportions

The concrete mix was made to be M20 grade, which means it should have a mean strength of about 26.6 MPa and a
water—cement ratio of 0.50. This gives it a good balance of strength and workability. The proportions of the concrete
were made according to ASTM C192. We thought about adding jute fibers in amounts of 0.1%, 0.2%, and 0.4% by
replacing an equal amount of coarse aggregates to keep the total batch volume at 1 m?®. There was also a control mix
made without fibers, which was 0%. In order to better see how jute fibers naturally affect workability and strength, no
superplasticizer was used. But the amount of water mixed in was changed by 0.5-1.0% based on the amount of fiber
used to make up for the fibers' ability to soak up water.

2.3 Mixing, Casting, and Curing Procedure
Concrete was mixed using a pan-type laboratory mixer to ensure uniform distribution of fibers and avoid clumping.
The sequence of operations was as follows:
1. Dry Mixing: Cement, fine aggregate, and coarse aggregate were dry-mixed for 2 minutes.
2. Fiber Addition: Jute fibers were sprinkled gradually while mixing to prevent fiber balling.
3. Water Addition: Water was added slowly and mixing continued for 3 minutes until a homogeneous mix was
achieved.
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The fresh concrete was immediately subjected to slump testing (ASTM C143) to assess workability. The concrete was
then poured into standard molds in three equal layers, each compacted on a vibrating table to remove entrapped air.
After 24 hours, specimens were demolded and cured in a water tank at 23 & 2°C for 28 days, following ASTM C511.

2.4 Testing Procedures
The mechanical properties of all mixes were evaluated according to ASTM standards as summarized below:
e Compressive Strength: 150 x 150 x 150 mm cubes were tested as per ASTM C39.
e  Split Tensile Strength: Cylinders of 150 mm diameter x 300 mm height were tested according to ASTM
C496.
e  Modulus of Elasticity: Measured on the same cylindrical specimens following ASTM C469.

e Workability (Slump Test): Determined per ASTM C143, to monitor the influence of fiber content and
surface treatment.

For each mix, three specimens per test were evaluated, and the average value was reported as the representative

strength. All testing was performed at 28 days using a 2000 kN capacity compression testing machine with a loading
rate of 0.25 MPa/s.

3 Results and Discussion

3.1 Workability
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Figure 1. Slump Values for Concrete at Different Replacement Levels

The slump test revealed a uniform decrease in workability with the ratio of jute fiber content (Figure 1). Control mix
MO possessed a slump of 95 mm, and untreated fiber mixes decreased to 60 mm at 0.4% volume since the high water
absorption of fibers and rough surface contact created high internal friction and low free water content in the mix
(Rahman et al., 2022). Alkali-treated fibers also reported slightly elevated slump values (72 mm for 0.2% and 58 mm
for 0.4%) because NaOH treatment eliminated surface impurities and reduced hydrophilicity, hence increasing fiber
dispersion (Islam et al., 2021). The treatment also improved lubrication and cohesion in the matrix (Wang et al., 2023).
Saba et al. (2023) also noted improved flowability in the treated natural fiber composites. Hence, 0.2% alkali-treated
jute fiber provided the best compromise in strength development with workability without any chemical admixture.
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3.2 Compressive Strength
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Figure 2. Compressive strength for concrete with different replacement levels

Compressive strength of jute fiber—reinforced concrete varied with fiber type and volume fraction (Figure 2). The
control mix (M0) gave a mean compressive strength of 28.5 MPa at 28 days. The incorporation of untreated jute fibers
reduced the strength at all dosages of fibers to a minimum of 26.0 MPa at 0.4% fiber content. This reduction is
primarily attributed to the weaker fiber-matrix interfacial bonding, fiber agglomeration, and voids acting as stress
concentrators in the hardened matrix (Rahman et al., 2022). The alkali-treated fibers also showed no significant
improvement in compressive strength; the failed compressive strength was 29.7 MPa for 0.2% volume fraction,
increasing by 4.2% over the control mix. The improvement is attributed to NaOH treatment, which removes
hemicellulose and lignin, enhances surface roughness, and promotes stronger mechanical interlocking with cement
hydration products. However, a slight reduction to 28.8 MPa was recorded when adding up to 0.4%, probably because
the fibers agglomerated and the efficiency of compaction was reduced, forming micro-voids and weak zones.

In general, alkali treatment improves compressive performance up to an optimum fiber content of approximately 0.2%,
beyond which workability loss and poor dispersion detract from the reinforcement benefit. This is in agreement with
a number of studies that have reported similar trends in natural fiber-reinforced concretes (Wang et al., 2023).

3.3 Split tensile strength

The addition of jute fibers significantly affected the split tensile strength of concrete, as shown in Figure 3. The control
mix was valued at 2.60 MPa, while the mixes with untreated fibers had moderate gains, peaking at 2.87 MPa for 0.2%
fiber content, representing a 10.4% increase. This increased strength can be attributed to the bridging mechanism of
the fiber, which resists crack growth and delays the failure of the material under tensile stress (Rahman et al. 2022).
Alkali-treated jute fibers have a greater increase in tensile strength, up to 3.12 MPa for 0.2% of fiber volume, which
is about a 20% increase over the control mix. The NaOH treatment eliminates impurities on the surface, like
hemicellulose and lignin, and increases the surface roughness and thus the interfacial bonding due to the cement matrix
(Islam et al., 2021; Saba et al., 2023). Beyond the optimal dosage, slight losses in tensile strength were registered,
probably caused by the agglomeration of fibers that reduces workability and impairs equal transmission of stresses.
Similar results were obtained previously, showing that natural fibers treated with alkali improve tensile resistance and
ductility when their amounts are small (Wang et al., 2023).

318



Split Tensile Strength (MPa)

S. H. Mahi, M. S. Ahmed, T. A. Ridoy & A. N. Abhi
ICCEI 2025

321

317

3.0

2.9

2.8

2.7

2.6

® Control (0%)
® Untreated Fibers
& Alkali-Treated Fibers

332

T
0.2

0.4

Fiber Volume Fraction (%)

Figure 3. Split tensile strength for concrete with different replacement levels

3.4 Modulus of Elasticity
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Figure 4. Modulus of Elasticity Distribution by Fiber Volume and Treatment

The modulus of elasticity, quantifying the stiffness of concrete and its resistance to deformation, was significantly
affected by adding jute fibers, as illustrated in Figure 4. The control mixture, M0, had a value of 23.4 GPa, while the
addition of untreated fibers reduced the stiffness to 21.5 GPa at 0.4% volume, due to the weak bonding between fiber
and matrix and internal porosity caused by their smooth and hydrophilic surface (Rahman et al., 2022). On the other
hand, the treatment of fibers in alkali enhanced stiffness, reaching the highest value of 24.4 GPa with 0.2% fiber
content, M2T, increasing the value by 4.1% compared to the control mixture. This improvement is related to the
treatment with NaOH, which removed hemicellulose and lignin from the jute fibers, modifying their surface
characteristics into a rougher profile and creating an opportunity for increased mechanical interlocking between the
treated fibers and matrix. Beyond this optimum, the stiffness decreased slightly, probably due to agglomeration of
fibers and improper transmission of internal stresses within the matrix.
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4 Conclusion

The experiment demonstrated that the incorporation of jute fiber into M20 concrete influenced its workability and
mechanical properties. Adding more fiber made the droop less because it absorbed water and caused friction inside.
But a 6% NaOH alkali treatment made the fibers spread out better and made them less hydrophilic, which made them
easier to work with again. Mechanical tests showed that jute fibers that had been treated with alkali made concrete
stronger than fibers that had not been treated. The compressive strength, split tensile strength, and modulus of elasticity
increased by 4.2%, 20%, and 4.1%, respectively, when compared to the control mix with 0.2% fiber volume fraction.
Alkali treatment cleans fiber surfaces of dirt and improves the interaction between the fiber and the matrix. The
research indicated that alkali-treated jute fibers enhanced the ductility, stiffness, and fracture resistance of concrete
without the use of synthetic fibers, and were environmentally friendly. Future research should focus on long-term
durability, microstructural evaluation, and the interaction between treated fibers and chemical admixtures to improve
their structural and non-structural applications. In the trial, jute fiber made M20 concrete much easier to work with
and stronger. Adding more fiber made the droop less because it absorbed water and caused internal friction. But a 6%
NaOH alkali treatment made the fibers spread out better and made them less hydrophilic, which made them easier to
work with again. Mechanical tests showed that jute fibers that had been treated with alkali made concrete stronger
than fibers that had not been treated. The compressive strength, split tensile strength, and modulus of elasticity
increased by 4.2%, 20%, and 4.1%, respectively, when compared to the control mix with 0.2% fiber volume fraction.
Alkali treatment cleans fiber surfaces of dirt and improves the interaction between the fiber and the matrix. The
research demonstrated that alkali-treated jute fibers enhanced the ductility, stiffness, and fracture resistance of concrete
without the use of synthetic fibers, while also being environmentally friendly. Future research should address long-
term durability, microstructural assessment, and the synergy between treated fibers and chemical admixtures to
enhance their structural and non-structural usage.
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