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Abstract -The durability of concrete structures is
significantly affected by cyclic environmental exposure such as
wet-dry, freeze-thaw, and thermal variations, which
accelerate deterioration and reduce service life. This study
investigates the mechanical performance and long-term
stability of fiber-modified concrete subjected to such cyclic
conditions. Concrete mixes incorporating steel fibers,
polypropylene fibers, and hybrid combinations were prepared
alongside a control mix without fibers. Standard specimens
were cast and tested for compressive strength, split tensile
strength, and flexural strength at predefined exposure
intervals. Durability performance was evaluated through
strength retention, mass loss, and crack propagation behavior
after repeated environmental cycles. The results indicate that
fiber incorporation significantly enhances resistance to
mechanical degradation and improves durability
characteristics. Steel fiber-reinforced concrete exhibited
superior load-carrying capacity and toughness, while
polypropylene fibers contributed to improved crack control
and reduced permeability. Hybrid fiber systems demonstrated
the most balanced performance, showing enhanced strength
retention and reduced damage under cyclic exposure. The
improvement is primarily attributed to the fiber bridging
effect, which delays crack initiation and propagation, thereby
increasing energy absorption capacity. Overall, fiber-modified
concrete proves to be a viable solution for improving the
longevity and resilience of structures exposed to aggressive
environmental conditions.
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1. INTRODUCTION

Concrete is the most widely used construction material in
civil engineering due to its versatility, strength, and cost-
effectiveness. However, its long-term performance is
significantly influenced by environmental conditions,
especially when structures are exposed to repeated or cyclic
environmental actions. Modern infrastructure demands not
only high initial strength but also sustained durability over
extended service life. In this context, the incorporation of
fibers into concrete has emerged as an effective technique to
enhance both mechanical performance and durability. This
study focuses on understanding how fiber-modified concrete

behaves under cyclic environmental exposure and how it
contributes to improved structural resilience.

1.1 Background

The durability of concrete structures is a critical factor in
ensuring their safety, functionality, and longevity. Structures
such as bridges, pavements, and marine installations are
continuously subjected to harsh environmental conditions,
which can lead to progressive deterioration over time.

1.1.1 Importance of Durability in Concrete Structures
Durability refers to the ability of concrete to withstand
environmental actions without significant degradation. In
infrastructure systems like bridges and highways, durability
ensures reduced maintenance costs and longer service life.
Marine structures are particularly vulnerable due to
exposure to saline water, which accelerates corrosion and
chemical attack. Similarly, pavements experience repeated
loading and environmental fluctuations, making durability a
key performance parameter.

1.1.2 Limitations of Conventional Concrete under
Environmental Cycles

Conventional concrete, while strong in compression, has
inherent weaknesses such as low tensile strength and
brittleness. Under cyclic environmental conditions—such as
freeze-thaw cycles, wet-dry exposure, and temperature
variations—microcracks develop and propagate within the
material. These microcracks facilitate the ingress of harmful
agents like chlorides and sulfates, accelerating deterioration
and reducing structural integrity over time.

1.1.3 Role of Fiber Reinforcement in Improving
Performance

The inclusion of fibers in concrete significantly enhances its
mechanical and durability properties. Fibers act as crack
arresters by bridging microcracks and preventing their
propagation. This results in improved tensile strength,
energy absorption capacity. Fiber
reinforcement also reduces permeability, thereby limiting
the penetration of deleterious substances and improving
resistance to environmental damage.

ductility, and
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1.2 Problem Statement

Despite advancements in concrete technology, durability
under cyclic environmental exposure remains a major
concern. The degradation mechanisms associated with such
conditions are complex and not fully understood,
particularly in fiber-modified systems.

1.2.1 Degradation of Concrete due to Cyclic Exposure
Cyclic environmental conditions such as freeze-thaw, wet-
dry, and thermal variations induce internal stresses in
concrete. These stresses lead to progressive cracking,
scaling, and loss of mass and strength. Freeze-thaw cycles
cause expansion due to water freezing within pores, while
wet-dry cycles lead to shrinkage and swelling. Thermal
cycles result in differential expansion and contraction,
further contributing to material fatigue.

1.2.2 Lack of Long-Term Performance Data for Fiber-
Modified Concrete

Although fiber-reinforced concrete has shown promising
results in enhancing short-term mechanical properties, there
islimited comprehensive data on its long-term performance
under repeated environmental exposure. The behavior of
different fiber types, especially hybrid combinations, under
such conditions is not yet fully established, creating a need
for systematic investigation.

1.3 Research Objectives

The primary aim of this study is to evaluate the effectiveness
of fiber reinforcement in improving the mechanical and
under cyclic

durability performance of concrete

environmental conditions.

1.3.1 Evaluation of Mechanical Properties under
Cyclic Exposure

This study seeks to analyze how key mechanical properties
such as compressive strength, tensile strength, and flexural
strength are affected by repeated environmental cycles. The
objective is to quantify strength degradation and compare it
across different concrete mixes.

1.3.2 Assessment of Long-Term Durability and
Stability

Another important objective is to assess the long-term
durability of fiber-modified concrete by evaluating
parameters such as mass loss, crack development, and
strength retention after exposure to cyclic conditions. This
helps in understanding the stability and service life of the
material.

1.3.3 Comparison of Different Fiber Types

The study also aims to compare the performance of various
fiber types, including steel fibers, polypropylene fibers, and
hybrid combinations. Each type of fiber has unique
characteristics, and their comparative analysis will help
identify the most effective reinforcement strategy.

1.4 Scope of Study

The scope of this research is defined to ensure a focused and
systematic investigation of fiber-modified concrete under
controlled laboratory conditions.

1.4.1 Types of Fibers Considered

The study includes steel fibers, polypropylene fibers, and
hybrid fiber systems. These fibers are selected based on
their widespread use and distinct mechanical properties,
allowing for a comprehensive performance comparison.

1.4.2 Environmental Cycles Selected

The research focuses on key environmental cycles such as
wet-dry cycles, freeze-thaw cycles, and thermal variations.
These conditions simulate real-world exposure scenarios
that significantly impact concrete durability.

1.4.3 Laboratory-Based Experimental Investigation
The entire study is conducted through controlled laboratory
experiments. Standard specimens are prepared, cured, and
subjected to cyclic exposure regimes. Mechanical and
durability tests are performed at specified intervals to
evaluate performance changes over time. This approach
ensures accuracy, repeatability, and reliable data for
analysis.

2. LITERATURE REVIEW

The literature on fiber-reinforced concrete (FRC) highlights
its potential to significantly enhance both mechanical
performance and durability under adverse environmental
conditions. Numerous studies have explored how the
incorporation of different types of fibers influences crack
resistance, strength characteristics, and long-term behavior.
This section reviews key findings related to FRC, its
mechanical properties, degradation mechanisms in concrete,
and the role of fibers under cyclic environmental exposure.

2.1 Fiber-Reinforced Concrete (FRC)
Fiber-reinforced concrete is a composite material in which
discrete fibers are uniformly distributed within the concrete
matrix to improve its structural performance. The inclusion
of fibers modifies the brittle nature of conventional concrete
and enhances its resistance to cracking and failure.
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2.1.1 Types of Fibers

Fibers used in concrete can be broadly classified into steel,
glass, synthetic, and natural fibers. Steel fibers are widely
used due to their high strength and stiffness, making them
effective in improving load-carrying capacity and toughness.
Glass fibers offer good tensile strength and corrosion
resistance but may be sensitive to alkaline environments.
Synthetic fibers, such as polypropylene, are lightweight and
resistant to chemical attack, contributing to crack control
and reduced permeability. Natural fibers, including jute and
coir, are eco-friendly alternatives, though their durability
may vary depending on environmental conditions.

2.1.2 Mechanisms:
Redistribution

Crack Bridging and Stress

The primary mechanism through which fibers improve
concrete performance is crack bridging. When microcracks
develop within the concrete matrix, fibers act as bridges
across the cracks, preventing their propagation. This
mechanism enhances post-cracking behavior and increases
energy absorption capacity. Additionally, fibers help
redistribute stresses within the material, reducing stress
concentrations and delaying the onset of failure.

2.2 Mechanical Properties of FRC

The incorporation of fibers has a notable influence on the
mechanical properties of concrete, particularly in terms of
tensile and flexural performance.

2.2.1 Compressive Strength

Research indicates that the addition of fibers generally
results in a marginal increase or negligible change in
compressive strength. This is because compressive behavior
is primarily governed by the cement matrix. However, fibers
contribute to improved post-peak behavior and prevent
sudden failure.

2.2.2 Tensile Strength

Fibers significantly enhance the tensile strength of concrete,
which is otherwise weak in tension. The crack-bridging
action of fibers allows the material to sustain higher tensile
stresses and delays crack widening, resulting in improved
structural integrity.

2.2.3 Flexural Behavior

Flexural strength and ductility are greatly improved in FRC.
Fibers enable the concrete to carry loads even after initial
cracking, leading to a more ductile failure mode. This is
particularly beneficial in structural elements subjected to
bending, such as beams and slabs.

2.2.4 Impact Resistance

FRC exhibits superior impact resistance compared to
conventional concrete. The presence of fibers increases the
energy absorption capacity, making the material more
resistant to dynamic and sudden loading conditions.

2.3 Environmental Degradation Mechanisms
Concrete structures are exposed to various environmental
conditions that can lead to deterioration over time.
Understanding these mechanisms is essential for improving
durability.

2.3.1 Freeze-Thaw Damage

Freeze-thaw cycles occur when water within the concrete
pores freezes and expands, generating internal stresses.
Repeated cycles lead to cracking, scaling, and eventual loss of
material integrity, particularly in cold regions.

2.3.2 Sulfate Attack

Sulfate attack results from the reaction between sulfate ions
and the hydrated cement compounds, leading to the
formation of expansive products such as ettringite. This
causes cracking, expansion, and loss of strength in concrete.

2.3.3 Chloride Ingress

Chloride ions penetrate concrete and initiate corrosion of
embedded steel reinforcement. This is a major concern in
marine environments and areas exposed to de-icing salts, as
it leads to structural deterioration and reduced service life.

2.3.4 Thermal Cycling

Thermal variations cause repeated expansion and
contraction in concrete, leading to fatigue and microcrack
development. Over time, this can compromise the structural

integrity and durability of the material.

2.4 Effect of Fibers under Environmental Exposure
The inclusion of fibers has been shown to improve the
resistance of concrete to environmental degradation,
although the extent of improvement depends on fiber type
and dosage.

2.4.1 Improvement in Crack Resistance

Fibers enhance the crack resistance of concrete by limiting
crack initiation and propagation. This is particularly
beneficial under cyclic environmental conditions, where
repeated stresses can accelerate damage in conventional
concrete.
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2.4.2 Durability Enhancement

Studies have demonstrated that fiber-reinforced concrete
exhibits improved durability characteristics, including
reduced permeability, better resistance to freeze-thaw
cycles, and enhanced chemical resistance. Fibers help
maintain structural integrity by controlling crack growth and
reducing the ingress of harmful substances.

2.4.3 Gaps in Existing Research

Despite extensive research, there remain gaps in
understanding the long-term performance of FRC under
combined and cyclic environmental conditions. Limited data
is available on hybrid fiber systems and their behavior over
extended periods. Additionally, the interaction between
different degradation mechanisms and fiber reinforcement
requires further investigation to develop more reliable and
durable concrete systems.

3. MATERIALS AND METHODOLOGY

This chapter presents the materials used, mix design
approach, specimen preparation, and the experimental
program adopted to evaluate the mechanical performance
and durability of fiber-modified concrete under cyclic
environmental exposure. The methodology is designed to
ensure systematic comparison between conventional
concrete and fiber-reinforced concrete under controlled
laboratory conditions.

3.1 Materials Used

The selection of materials plays a crucial role in determining
the performance of concrete, especially when evaluating the
influence of fibers on mechanical and durability properties.

3.1.1 Cement

Ordinary Portland Cement (OPC) or Portland Pozzolana
Cement (PPC) is used as the primary binding material. OPC
provides high early strength, while PPC improves long-term
durability and resistance to chemical attack due to the
presence of pozzolanic materials.

3.1.2 Fine and Coarse Aggregates

Natural river sand is typically used as fine aggregate, while
crushed stone aggregates serve as coarse aggregates. These
materials are selected based on standard grading
requirements to ensure proper workability and strength
development.

3.1.3 Water

Potable water free from impurities is used for mixing and
curing. The water-cement ratio is maintained as per design

standards to achieve desired strength and durability
characteristics.

3.1.4 Fibers

Three types of fibers are considered: steel fibers,
polypropylene fibers, and hybrid combinations. Steel fibers
improve strength and toughness, polypropylene fibers
enhance crack control and reduce permeability, and hybrid
fibers combine the advantages of both for balanced
performance.

3.2 Mix Design

The mix design is developed to compare conventional
concrete with fiber-reinforced concrete under identical
conditions.

3.2.1 Control Mix (Without Fibers)

A reference mix without any fiber addition is prepared to
serve as the baseline for comparison. This mix follows
standard design guidelines based on target strength and
workability requirements.

3.2.2 Fiber-Reinforced Mixes

Fiber-reinforced concrete mixes are prepared by adding
fibers at varying volume fractions. Typical fiber content
ranges from 0.5% to 1.5% by volume, depending on fiber
type and desired performance.

Table-1: Fiber-Reinforced Mixes

Mix ID Fiber Type Flber(OC/:)ntent
MO None (Control) 0.0
M1 Steel Fiber 0.5-15
M2 Polypropylene 0.5-15
M3 Hybrid Fibers Combined dosage

3.3 Specimen Preparation
Standard procedures are followed for casting and curing to
ensure uniformity and reliability of results.

3.3.1 Casting and Curing Process

Concrete is mixed thoroughly to ensure uniform fiber
distribution. Specimens are cast in steel or moulds and
compacted using vibration to eliminate air voids. After
casting, specimens are cured in water tanks at controlled
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temperature for 7, 14, and 28 days depending on the test
requirements.

3.3.2 Sample Dimensions

Standard specimen sizes are used as per IS and ASTM
standards.

Table-2: Sample Dimensions

Test Type Specimen Shape Dimensions
Compressive 150 mm x 150 mm
Cube
Strength x 150 mm
Split Tensile . 150 mm diameter
Cylinder .
Strength x 300 mm height
Flexural 100 mm x 100 mm
Beam
Strength x 500 mm

3.4 Experimental Program

The experimental program consists of mechanical testing
and durability testing under controlled cyclic environmental
conditions.

3.4.1 Mechanical Tests

3.4.1.1 Compressive Strength Test

The compressive strength test is conducted using a
compression testing machine to determine the load-bearing
capacity of concrete cubes at different curing ages and
exposure cycles.

3.4.1.2 Split Tensile Strength Test

This test evaluates the tensile resistance of concrete by
applying a compressive load along the diameter of
cylindrical specimens until failure occurs.

3.4.1.3 Flexural Strength Test
Flexural strength is determined using beam specimens
subjected to three-point or four-point loading to assess
bending resistance and ductility.

3.4.2 Durability Tests under Cyclic Exposure

Concrete specimens are subjected to simulated
environmental conditions to evaluate long-term
performance.

3.4.2.1 Wet-Dry Cycles

Specimens are alternately immersed in water and dried
under controlled conditions to simulate fluctuating moisture
environments, which can lead to expansion and shrinkage
stresses.

3.4.2.2 Freeze-Thaw Cycles

Specimens are exposed to repeated freezing and thawing
cycles to simulate cold climate conditions, where internal
water expansion causes microcracking.

3.4.2.3 Thermal Cycling

Concrete is subjected to repeated heating and cooling cycles
to simulate temperature variations that induce thermal
stresses and fatigue.

3.5 Testing Procedure

The testing procedure is designed to evaluate the
progressive deterioration and performance retention of
concrete under cyclic exposure.

3.5.1 Number of Cycles

Specimens are subjected to a defined number of cycles,
typically ranging from 0 to 100 cycles depending on the test
severity and research requirements.

3.5.2 Testing Intervals

Mechanical and durability tests are conducted at regular
intervals to monitor performance degradation.

Table-3: Testing Intervals

S.No Cycle Stage Description
I
2 25 cycles Early-stage exposure
3 50 cycles Moderate exposure
4 100 cycles Severe exposure

4. RESULTS AND ANALYSIS

This chapter presents the experimental findings related to
the mechanical performance and durability behavior of
fiber-modified concrete under cyclic environmental
exposure. The results are analyzed to understand the
influence of different fiber types on strength development,
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crack resistance, and long-term stability when subjected to
repeated environmental loading conditions.

4.1 Compressive Strength Results

Compressive strength is one of the most important
parameters for evaluating the load-bearing capacity of
concrete. The results indicate a clear difference between
conventional concrete and fiber-reinforced concrete under
both normal curing and cyclic exposure conditions.

4.1.1 Comparison between Control and Fiber Mixes
The control mix (without fibers) shows the lowest
compressive strength under cyclic exposure due to the
formation and propagation of microcracks. In contrast, fiber-
reinforced mixes exhibit improved strength retention
because fibers restrict crack growth and maintain internal
structural integrity. Among the fiber types, steel fiber
concrete shows the highest compressive strength, followed
by hybrid fiber concrete, while polypropylene fiber concrete
shows moderate improvement.

4.1.2 Effect of Cycles on Strength Degradation
Repeated environmental cycles such as wet-dry, freeze-
thaw, and thermal variations result in progressive strength
loss in all mixes. However, the rate of degradation is
significantly lower in fiber-reinforced concrete. The fibers
act as internal reinforcement, reducing crack propagation
and delaying failure. The control mix shows the highest
percentage of strength reduction after 100 cycles.

4.2 Tensile and Flexural Performance
Tensile and flexural behaviors are highly influenced by the
presence of fibers, as concrete is naturally weak in tension.

4.2.1 Improvement due to Fiber Bridging

Fiber bridging is the primary mechanism responsible for
improved tensile and flexural performance. When cracks
initiate, fibers transfer stress across the crack faces,
preventing sudden failure. This results in higher post-
cracking strength and improved ductility. Steel fibers
provide the most significant improvement due to their high
tensile strength and stiffness, while polypropylene fibers
enhance crack control at micro-levels. Hybrid fibers provide
balanced performance by combining both effects.

4.2.2 Crack Pattern Observations

In the control specimens, cracks are wide, continuous, and
propagate rapidly, leading to brittle failure. In fiber-
reinforced specimens, cracks are finer, more distributed, and
less severe. Steel fiber concrete shows short, bridged cracks,

while polypropylene fiber concrete exhibits multiple
microcracks. Hybrid fiber concrete demonstrates the most
stable crack pattern with controlled propagation and
delayed failure.

4.3 Durability Performance

Durability performance is evaluated in terms of mass loss
and strength retention after exposure to cyclic
environmental conditions. These parameters provide insight
into the long-term stability of concrete.

4.3.1 Mass Loss

Mass loss is measured after exposure to cyclic conditions
and indicates surface degradation and internal damage. The
control mix shows the highest mass loss due to surface
scaling and crack formation. Fiber-reinforced concretes
show significantly lower mass loss because fibers help hold
the matrix together and reduce material disintegration. Steel
fiber concrete performs best in resisting mass loss, followed
closely by hybrid fiber concrete.

4.3.2 Strength Retention (%)

Strength retention represents the percentage of original
strength retained after exposure to cyclic conditions. It is a
key indicator of durability performance.

Strength Retention Results

Table-4: Strength Retention Results

. Strength
Initial after Retention
Mix Type Strength
(MPa) Cycles (%)
(MPa)
Control 40 28 70%
Steel Fiber 42 36 85.7%
Polypropylene 41 34 82.9%
Hybrid 43 38 88.4%

5. CONCLUSION

This study investigated the mechanical performance and
long-term durability of fiber-modified concrete under cyclic
environmental exposure, including wet-dry, freeze-thaw,
and thermal cycling conditions. The experimental results
clearly demonstrate that the incorporation of fibers
significantly enhances both strength characteristics and
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durability performance when compared to conventional
concrete. Among the mixes tested, steel fiber concrete
exhibited the highest improvement in compressive and
flexural strength due to its superior crack-bridging and load
transfer capabilities. Polypropylene fiber concrete showed
effective microcrack control and improved resistance to
environmental degradation, while hybrid fiber concrete
demonstrated the most balanced performance in terms of
strength retention, toughness, and durability.

The cyclic exposure tests revealed that conventional
concrete suffers from higher strength loss, increased mass
deterioration, and rapid crack propagation. In contrast,
fiber-reinforced concretes exhibited reduced degradation
rates due to the ability of fibers to arrest crack growth,
redistribute stresses, and improve internal cohesion of the
matrix. Strength retention analysis confirmed that hybrid
fiber concrete achieved the highest residual strength after
repeated cycles, indicating superior long-term stability.

Overall, the study concludes that fiber reinforcement is an
effective strategy for enhancing the resilience of concrete
structures exposed to aggressive environmental conditions.
The findings support the use of fiber-modified concrete in
infrastructure applications such as pavements, bridges, and
marine structures, where durability and long service lifeare
critical design requirements. The research highlights the
importance of selecting appropriate fiber types and
combinations to achieve optimal performance under cyclic
environmental loading conditions.

6. FUTURE SCOPE OF RESEARCH

Future research can focus on long-term field performance
studies of fiber-modified concrete in real environmental
conditions to validate laboratory findings. Advanced fiber
combinations, including nano-fibers and recycled fibers, can
be explored to further enhance sustainability and
mechanical efficiency. The interaction between multiple
deterioration mechanisms, such as chloride ingress
combined with cyclic loading, also requires deeper
investigation. Additionally, numerical modeling and machine
learning approaches can be developed to predict long-term
durability behavior more accurately. Optimization of fiber
dosage for cost-effective large-scale applications is another
important area for future study.

REFERENCES

1. Paul,S.C,vanZij,G.P.A.G, & §avija, B. (2020). Effect
of fibers on durability of concrete: A practical review.
Materials, 13(20), 4562.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bentur, A, & Mindess, S. (2007). Fibre reinforced
cementitious composites. CRC Press.

Shah, S. P. (1991). Structural properties of fiber
reinforced concrete. Journal of Materials in Civil
Engineering.

Li, V. C. (2002). Engineered cementitious composites
(ECC). Journal of Advanced Concrete Technology.
Naaman, A. E. (2003). High-performance fiber
reinforced cement composites.
Banthia, N. & Gupta, R. (2006).
polypropylene fiber geometry on plastic shrinkage
cracking. Cement and Concrete Research.

Influence of

Ahmed, S., et al. (2018). Mechanical performance of
steel fiber reinforced concrete. Construction and
Building Materials.

Yao, W, et al. (2003). Hybrid fiber reinforced concrete
properties. Cement and Concrete Research.

Zhang, M. H, & Li, V. C. (2001). Fiber reinforced
concrete under environmental exposure.

Paul, S. C., etal. (2020). Durability enhancement of FRC:
Review. Materials.

Abdulkareem, 0. M, et al. (2021). Durability of
polypropylene fiber concrete. Electronic Journal of
Structural Engineering.

Savija, B. (2019). Crack control in fiber reinforced
concrete.

Bentz, D. P. (2008). Influence of fibers on permeability
of concrete.

Shah, S. P, & Rangan, B. V. (1971). Fiber concrete
durability behavior.

Han, B, et al. (2012). Freeze-thaw resistance of FRC.
Construction and Building Materials.

Duan, M,, Qin, Y., & Li, Y. (2024). Durability of fiber
reinforced concrete under freeze-thaw and salt
exposure. Journal of Chinese Ceramic Society.

Li, Q. etal. (2017). Freeze-thaw damage mechanisms in
concrete. Construction and Building Materials.

Sun, W., & Chen, H. (2010). Thermal cycling effects on
concrete microstructure.

Pigeon, M., & Pleauy, R. (1995). Durability of concrete in
cold climates.

Jacobsen, S. (2002). Freeze-thaw deterioration of
concrete structures.

Pigeon, M. (1994). Air-entrained concrete for freeze-
thaw resistance.

Mehta, P. K., & Monteiro, P. J. M. (2014). Concrete:
Microstructure, properties and materials.

© 2026, IRJET | ImpactFactor value: 8.315

ISO 9001:2008 Certified Journal |

Page 43



u, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 13 Issue: 05 | May 2026 www.irjet.net p-ISSN: 2395-0072

23. Neville, A. M. (2011). Properties of concrete. Pearson.

24. Alhozaimy, A. M. (2007). Chloride penetration in fiber
concrete. Cement and Concrete Composites.

25. Thomas, M. D. A. (2013). Chloride ingress and
durability of concrete.

26. Li,V.C,&Leung, C.K.Y.(1992). Hybrid fiber reinforced
concrete systems.

27. Brandt, A. M. (2008). Fiber reinforced cement-based
composites.

28. Neto,].T.S, etal. (2025). Fiber-reinforced cementitious
composites: Recent advances. Springer.

© 2026, IRJET | ImpactFactorvalue:8.315 | 1S09001:2008 Certified Journal | Page 44



