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Abstract

Concrete is one of the most widely used construction materials globally, but its brittle nature
and low tensile strength limit its performance under dynamic and flexural loads. Fibre
Reinforced Concrete (FRC) is an innovative composite material incorporating uniformly
distributed fibres to enhance mechanical strength, crack resistance, and durability. This paper
provides an in-depth review of fibre types, mix design, mechanical properties, performance
evaluation, and real-world applications of FRC. Experimental studies confirm that fibres
improve tensile strength, impact resistance, ductility, shrinkage control, and post-cracking
behaviour. Steel fibres, synthetic fibres, basalt fibres, and natural fibres each contribute unique
characteristics, making FRC suitable for infrastructure, industrial flooring, pavements, and
earthquake-resistant structures. Limitations and future prospects—such as hybrid fibres, nano-
fibres, and 3D-printed fibre-reinforced composites—are also discussed. The results indicate
that FRC is a key component of modern sustainable construction materials promoting strength,
durability, and long-term structural performance.
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1. Introduction

Concrete is a predominantly brittle material with high compressive strength but relatively low
tensile and flexural strength. Under impact, fatigue, or heavy loading, plain concrete tends to
crack and fail suddenly. To overcome these inherent limitations, researchers and engineers
developed Fibre Reinforced Concrete (FRC), a composite material consisting of cement,
aggregates, water, and discontinuous fibres distributed throughout the matrix.

Fibres act as crack-arresters, bridging micro-cracks, and distributing stresses more uniformly.
This significantly improves tensile strength, ductility, toughness, and energy absorption
capacity. The concept of adding fibres to construction materials is ancient—historical evidence
shows straw was used in mud bricks—but modern FRC evolved in the 1960s with the
development of steel and synthetic fibres.
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Today, FRC is widely used in pavements, overlays, tunnel linings, precast components, and
earthquake-resistant structures. This paper presents a comprehensive study of FRC properties,
fibre types, mix design, mechanical performance, applications, and limitations.
2. Types of Fibres Used in Concrete
2.1 Steel Fibres
Steel fibres are the most commonly used in structural applications due to their high modulus
of elasticity and ability to enhance flexural strength significantly. Typical shapes include
hooked-end, crimped, and straight fibres.
Advantages:

« High tensile strength

o Excellent crack bridging capability

o Suitable for industrial slabs, pavements, and tunnels
2.2 Synthetic Fibres
Synthetic materials such as polypropylene, nylon, and polyethylene are used for shrinkage
control and impact resistance.
Advantages:

« High chemical resistance

« Controls plastic shrinkage cracking

e Low cost
2.3 Glass Fibres
Glass fibres provide high tensile strength but require alkali resistance (AR glass) to prevent
deterioration in cementitious environments.
Advantages:

« Suitable for precast panels

e Good finish and appearance
2.4 Basalt Fibres
Basalt fibres are obtained from volcanic rock and are gaining popularity due to sustainability
and high chemical durability.
Advantages:

e High thermal resistance

« Environmentally friendly

2.5 Natural Fibres
These include coir, sisal, jute, hemp, and bamboo.

Advantages:
e Renewable and biodegradable
e Low cost

e Useful in rural construction
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2.6 Hybrid Fibres

Hybrid FRC combines two or more fibre types (e.g., steel + polypropylene) to enhance multiple
properties simultaneously.

3. Material Properties and Mix Design

3.1 Cement and Aggregates

Ordinary Portland Cement (OPC) is used with fine and coarse aggregates conforming to IS standards.
The fibre addition does not generally require major changes in aggregate gradation.

3.2 Fibre Volume Fraction

The volume fraction (V) generally ranges from 0.1% to 2.5%. Higher fibre content improves strength
but reduces workability.

3.3 Water-Cement Ratio

A low water-cement ratio improves mechanical performance. Superplasticizers are incorporated to
maintain workability.

3.4 Dispersion of Fibres

Uniform fibre distribution is essential. Clumping (balling effect) must be avoided by controlled mixing.
4. Manufacturing and Mixing Procedures

4.1 Dry Mixing

Cement, sand, and aggregates are dry mixed before fibres are slowly introduced.

4.2 Wet Mixing

Water and admixtures are added after fibres are uniformly dispersed.

4.3 Casting and Compaction

Mechanical vibration helps achieve a dense matrix, especially in steel and synthetic fibre mixes.

4.4 Curing

Standard water curing for 7-28 days ensures proper hydration and strength development.

5. Mechanical Properties of Fibre Reinforced Concrete

5.1 Compressive Strength

Fibre addition slightly improves compressive strength (5-15%), but the major improvement is seen in
post-peak strength and ductility.

5.2 Tensile Strength

Tensile strength increases by 20-50% depending on the fibre type. Steel fibres show the highest
enhancement.

5.3 Flexural Strength

Fibres significantly improve load-carrying capacity under bending. Flexural strength increases by 50—
200%.

5.4 Impact Resistance

FRC absorbs more energy due to fibre bridging, making it suitable for industrial floors and airport
pavements.

5.5 Shrinkage Reduction

Synthetic fibres reduce plastic shrinkage cracks by up to 80%.

5.6 Toughness

FRC exhibits much higher toughness than plain concrete, measured as the area under the load-deflection
curve.

5.7 Fatigue Resistance

FRC performs well under repeated cyclic loading conditions.
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6. Durability Characteristics
6.1 Resistance to Crack Propagation
Fibres prevent micro-cracks from growing, enhancing long-term durability.
6.2 Freeze-Thaw Resistance
FRC shows superior resistance in cold climates due to improved crack control.
6.3 Chemical Resistance
Synthetic and basalt fibres improve resistance to acidic and sulphate environments.
6.4 Fire Resistance
Polypropylene fibres help reduce explosive spalling in high-temperature conditions by creating escape
channels for steam.
7. Results and Discussion
Experimental findings from various studies demonstrate that fibre reinforcement greatly improves the
structural performance of concrete.
Strength Enhancement
Studies show that adding 1% steel fibres can increase flexural strength by up to 150%. Polypropylene
fibres reduce plastic shrinkage cracks by nearly 70-80%.
Workability Challenges
High fibre dosage reduces workability. Proper admixtures and mixer configuration help counter the
balling effect.
Cost Implications
Although fibres increase initial cost, lifecycle savings due to reduced repairs and maintenance make
FRC economically viable.
Performance Under Dynamic Loads
Steel and basalt fibres improve performance under seismic loading due to enhanced ductility and energy
dissipation.
Hybrid Fibre Performance
Hybrid combinations provide better results compared to single fibre types, allowing balanced
improvements in strength, durability, and toughness.
8. Applications of Fibre Reinforced Concrete
8.1 Pavements and Industrial Floors
FRC is widely used in heavy-duty floors, highways, and airport runways.
8.2 Tunnel Linings
Steel fibres enhance load distribution and reduce shotcrete rebound in tunnels.
8.3 Precast Concrete Elements
Glass and basalt fibre reinforced panels are used for cladding and precast members.
8.4 Earthquake Resistant Structures
Fibres improve ductility, making FRC ideal for seismic regions.
8.5 Residential and Commercial Construction
Plastic shrinkage control and crack resistance enhance durability.
8.6 Marine and Coastal Structures
Basalt and synthetic fibres improve resistance to chloride attack.
9. Limitations of Fibre Reinforced Concrete
Despite its numerous benefits, FRC has certain limitations:
e Reduced workability at higher fibre dosages
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o Higher material cost than plain concrete

e Possible fibre corrosion (for uncoated steel fibres)

o Balling effects during mixing if not controlled

o Need for specialised equipment for fibre dispersion
10. Future Scope and Research Opportunities
Fibre reinforced concrete continues to evolve with advancements in materials and technology.
10.1 Hybrid Fibre Systems
Combining fibres of different materials can balance strength, ductility, and shrinkage control.
10.2 Nano-Fibre and Carbon-Fibre Reinforcement
Nano-silica fibres and carbon nanotubes significantly enhance mechanical performance, though cost
remains high.
10.3 3D Printed Fibre Reinforced Concrete
Integration of fibres in additive manufacturing opens new possibilities for lightweight and customised
structures.
10.4 Sustainable Natural Fibre Composites
Use of agricultural fibres (coconut, banana, bamboo) promotes sustainable and low-cost construction.
11. Conclusion
Fibre Reinforced Concrete represents a major advancement in construction materials, offering improved
tensile strength, toughness, shrinkage control, and durability. The use of fibres—from steel to synthetic,
natural, and basalt—enables tailoring concrete properties for specific applications. While challenges
such as reduced workability and cost exist, the long-term benefits in performance, lower maintenance,
and extended lifespan outweigh these drawbacks. As the construction industry moves toward
sustainability and enhanced resilience, FRC will play a crucial role in infrastructure development and
advanced engineering applications. Continued research in hybrid fibre systems, nano-fibres, and 3D
printed composites will further expand the usefulness of FRC in modern civil engineering.
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