Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December2025,
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh

Paper ID: 197

Bamboo Fiber-Reinforced Concrete: Evaluating the Combined Effects of
Fiber Length and Volume on Performance

Md Khayruzzaman', Md.Sabbir Hossain?, Nure Arshihi Labonno’, Md. Saniul Haque Mahi*

"Department of Civil Engineering, Dhaka International University, Dhaka, Bangladesh (mdkhayruzzamaneslam(@gmail.com)

’Department of Civil Engineering, Dhaka International University, Dhaka, Bangladesh (sabbirhossain7990(@gmail.com)

3Department of Civil Engineering, Dhaka International University, Dhaka, Bangladesh (labonno.ce(@gmail.com)
“Department of Civil Engineering, Dhaka International University, Dhaka, Bangladesh (saniulmahice@gmail.com)
Abstract

The increasing demand of sustainable building has led to the application of renewable natural fibers as substitutions
of synthetic reinforcements used in concrete. This paper examines the influence of bamboo fiber content (0-2) percent
of volume) and fiber length (10-40 mm) on the work ability and mechanical properties of M25 grade concrete. The
compressive strength, split tensile strength and modulus of elasticity of cylindrical specimens were determined after
28 days of curing as per the ASTM standards. The findings established that addition of bamboo fibers at appropriate
rates had significant performance enhancement. Optimal results were determined to be 1.0 percent fiber content,
20mm length, which showed an increase in compressive strength of 6.8 percent, tensile and modulus of elasticity of
24.5 and 4.9 percent respectively over the control mix. Nevertheless, higher levels of fiber reduced workability. The
evidence shows that the bamboo fiber reinforcing contributes to increasing the mechanical strength and facilitating
construction of ecologically friendly concrete.
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1.Introduction

The search for renewable and environmentally friendly materials has expanded because of the increasing global
interest in sustainable construction practices. The integration of natural fibers into cementitious composites presents
an effective solution to reduce environmental impact while simultaneously improving material strength. Natural fibers
demonstrate two key benefits because they degrade naturally and exist in large quantities while being cost-effective
and requiring minimal energy for production (Guerrero &amp; Ghosh, 2023). Natural fibers provide sustainable
reinforcement because they originate from renewable sources while helping to reduce both pollution and carbon
emissions (Abdalla et al., 2023). Among these, bamboo fibers stand out due to their high tensile strength, fast growth,
and broad availability. Research conducted by Amin et al. (2021) and Rahman et al. (2024) demonstrates that bamboo
fibers enhance both the tensile strength and flexural strength of concrete materials. The performance of bamboo fiber—
reinforced concrete (BFRC) depends on multiple factors which include fiber length and content and dispersion and
interfacial contact with the cement matrix (Bittner &amp; Oettel, 2022; Zhang et al., 2023). The research has not
examined the complete effect of bamboo fiber amount and size on concrete strength and workability.

The present work attempts to bridge this research gap by evaluating how variations in bamboo fiber length (10—40
mm) and content (0—2% by volume) effect the compressive, tensile, and elastic properties of M25 concrete. The aim
is to establish the greatest balance between strength enhancement and workability for sustainable structural
applications.
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2. Materials and Methodology
2.1 Materials

The type of Portland Cement used in this experiment was ordinary Portland Cement (OPC) of Grade 43 based on
ASTM C150/C150M criteria. The cement had no lumps and was of the necessary physical and chemical requirements
of structural concrete. The fine aggregate was well-graded river sand that was not contaminated with organic elements,
and which met ASTM C33/C33M requirements. The rough aggregates were the angular crushed granite with up to 20
mm maximum size that also complied with the standards of ASTM C33/C33M regarding durability and cleanliness.
The mixing and curing water met ASTM C1602 requirements that implied that it did not have harmful agents such as
salts or acids or oils. Before they were used, bamboo fibers were locally sourced, washed and dried using air. The
fibers (0.5mm to 1.5mm in diameter) were cut into 10, 20, 30, and 40mm in length. Five volume fractions, namely 0,
0.5, 1.0, 1.5, and 2.0 in percentage were used to integrate them.

2.2 Mix Proportions

A concrete mix with an M25 grade was prepared with a target compressive strength of 25MPa at 28 days in accordance
with ACI 211.1 requirement with a fixed proportion of water and cement in all batches. The process of the
manufacturing started with the dry mixture of cement and sand and coarse aggregates and then adding bamboo fibers
slowly with the intent of being uniformly distributed. The process of water addition was repeated until the mixture
had an achievable consistency. There were three cylindrical specimens (150 mm % 300 mm) made in compliance with
ASTM C39/ C39M, per combination. Demolding of the specimens was performed 24 hours of casting followed by
water curing of the specimen at 23 &+ 2°C over 28 days following ASTM C511 standards.

3. Results and Discussion

3.1 Workability

The ASTM C143/C143M slump test method was used to test the workability of bamboo fiber-reinforced M25 concrete
and it determines the ease with which the fresh concrete can be put and compacted. Figure 1 results indicate that as
the fiber content and fiber length are increased, the value of slump continually decreases. The highest workability was
shown in the control mix (without fibers), having the slump of 75 mm. This drop was also minimized by adding 0.5%
of bamboo fibers and the resulting 70 mm to 62 mm drop showed a slight drop in flow resistance. The decline was
more drastic in the 1.0% fiber content with the range varying between 65 mm and 55 mm. The droop value fell to very
low values as the fiber content was increased to 1.5% and 2.0% which caused the lowest value of 25 mm to 40 mm
fibers to be at 2.0% content. The reduction in performance is due to fiber clumping and the viscosity of the mixes and
restricted aggregate movement during mixing. As Figure 1 analysis indicates, the addition of bamboo fiber enhances
the strength of the concrete but excessive fibers become a great workability issue. The mechanical properties and
convenience of installing bamboo fiber reinforced concrete is determined by the right mixture of content and length
of the fibers.
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Figure 1. Workability (Slump Test) of Bamboo Fiber Reinforced Concrete 28 Days
3.2 Compressive Strength
The compressive strength of bamboo fiber—reinforced M25 concrete was assessed after 28 days of curing in line with
ASTM C39/C39M. Figure 2 demonstrates the change in compressive strength with varied fiber contents (0—2.0% by

volume) and fiber lengths (10-40 mm). The introduction of bamboo fibers has a notable influence on the overall
mechanical performance of the concrete.
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Figure 2. Compressive Strength of Bamboo Fiber Reinforcement Concrete at 28 Days

The mix of control (no fibers) received the strength of 29.2 MPa, corresponding to the expected strength of M25 grade
concrete. Bamboo fibers were first shown to enhance strength but did not work in large quantities. The experimental
findings indicated that the highest compressive strength of 31.2 MPa which was 6.8 above the control mix was
obtained when 1.0 percent fiber content was added and the fiber length was 20 mm. This is the role that the fibers play
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since they prevent the expansion of microcracks that enable the matrix to cope with stress in a better way and ensure
greater internal bonds. The findings of the test revealed that the strength improved at moderate strength under fiber
content of 0.5% (29.5-30.4 MPa). The percentage increased to 1.5 and 2.0, the strength of the material slightly
decreased due to clumping of fibers and low dispersion and compaction. As can be seen in Figure 2, the optimization
of the fiber quantity and length results in improved compressive strength and uniformity of the mix that indicates that
bamboo fiber has a potential to be used in the production of sustainable high-performance concrete.

3.3 Split Tensile Strength
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Figure 3. Split Tensile Strength of Bamboo Fiber-Reinforced Concrete

The tensile strength of bamboo fiber reinforced M25 concrete was measured at 28 days curing as required in ASTM
C496/C496M. The above graph represented in Figure 3 shows the variation of tensile strength with respect to various
fiber volumes between 0 and 2.0 percent aggregation with respect to fiber lengths between 10 and 40 millimeters.
Control concrete mix has tensile strength of 2.65 MPa which is typical of typical M25 concrete with no fiber. Figure
2 demonstrates that the tensile strength of the fibers when incorporating the bamboo fibers is improved at low dosage
with the highest results being attained at 1.0 percent fiber concentration and 20-30 mm fiber length. The outcomes of
the test revealed that the highest tensile strength of 3.30 MPa had reached an increase of 24.5 percent as compared to
the control mix. This effect has been attributed to the property of the fibers to bridge fractures as it prevents the
expansion of the cracks and it aids in the transfer of loads across the cement matrix. The outcome of the test revealed
that tensile strength was significantly enhanced by the 0.5 percent fiber concentration indicating that small quantities
of fiber can be used to enhance tensile properties.

Nevertheless, tensile strength significantly reduced at a higher level of fiber content of 1.5% and 2.0 due to the
aggregation of fibers, poor dispersion and loss of cohesion of the matrix. Overall, figure 2 demonstrates that bamboo
fiber content and length have an optimum to provide optimal tensile performance of concrete to this eco-friendly
reinforcement in the sustainable concrete.

3.4 Modulus of Elasticity
The modulus of elasticity of bamboo fiber—reinforced M25 concrete was determined after 28 days of curing in line

with ASTM C469/C469M. Figure 4 depicts the fluctuation of elastic modulus with fiber content (0—2.0% by volume)
and fiber length (10—40 mm). The addition of bamboo fibers marginally boosted the stiffness of the concrete up to an
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optimal dose, beyond which a small reduction was detected. The control mix demonstrated a modulus of 22.4 GPa,
commensurate with the predicted value for ordinary M25 concrete.
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Figure 4. Modulus of Elasticity of Bamboo Fiber-Reinforced Concrete
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Figure 5. Stress—Strain Curve for Best Bamboo Fiber-Reinforced Concrete Mix

Figure 4 demonstrates the increasing trend of modulus values when fibers were added to the material. The material
achieved a modulus of 23.5 GPa at 1.0% fiber content with 30 mm fiber length which represents a 4.9% increase
compared to the control value. The study results showed that fibers restricted material deformation and enhanced bond
strength between materials and reduced microcrack expansion during mechanical testing. The modulus experienced a
sharp decline past this point because fibers began to cluster together while they dispersed unevenly which created
more void spaces that weakened the matrix structure.

Figure 5 illustrates the stress-strain behavior of the optimum concrete mix that is composed of the following
constituent ratios; 1.0% fiber contents and 20-30 mm in length fibers. The slope of the fiber-reinforced concrete at the
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beginning was steep and then a gradual downward curve that extends beyond its peak point shows that the fiber-
reinforced concrete has a high ability of withstanding and ductility and absorbing a lot of energy unlike standard
concrete. As demonstrated by the experiment, when the amount of bamboo fiber is added correctly, it improves
concrete elasticity and deformation behavior that creates stronger structures and natural fiber composite materials as
in Figure 4 and Figure 5.

4 Conclusion

The study established that bamboo fibers can be used to enhance the performance of concrete at certain levels of
concentration. The analysis finds that minimal amounts of bamboo fibers can improve the parameters of M25 concrete
strength and lead to environmental sustainability of construction activities. The best combination was a 1.0 percent
fiber 20mm length combination that obtained the highest values of 31.2 MPa compressive strength and 3.30 MPa split
tensile strength and 23.5 GPa modulus of elasticity. These advantages are made possible by the fibers as they work to
bind small fractures that spread forces throughout the material matrix and increase their flexibility. This performance
was poor as there was a tendency to cluster the fibers when too many were added. The material was not distributed
evenly, and this posed a challenge to the working process. The experimental results indicate the ideal balance of
strength, stiffness, and workability in the case of fiber length and amount is properly managed. Bamboo fiber-
reinforced concrete is an eco-friendly building material that allows sustainable construction of buildings that can offer
durable structures.
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