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Abstract: Steel fiber reinforced concrete is a new type of concrete that uses steel fibers as reinforcement material. It has excellent mechanical
properties and durability, and is widely used in road engineering, bridge engineering, and construction engineering. This paper analyzes the
material properties and mechanical properties of steel fiber reinforced concrete, discusses its application research in different engineering
fields, and discusses the materials and construction technology of steel fiber reinforced concrete. This study provides a theoretical and practi-
cal foundation for the application and development of steel fiber reinforced concrete, and points out the deficiencies and improvement direc-
tions for future research.
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1. Introduction

With the rapid development of the economy and the acceleration of urbanization, a large number of construction projects and infra-
structure constructions have emerged, among which the demand for concrete buildings has increased significantly. Traditional concrete
materials are prone to cracks, fractures, and other issues when subjected to external forces, leading to safety hazards and shortened service
life of engineering structures. In order to solve this problem, researchers have added steel fibers to the concrete to form steel fiber reinforced
concrete. The addition of steel fibers can effectively improve the toughness, crack resistance, and impact resistance of concrete, making it
possess better tensile strength and durability when subjected to external forces.

In order to comprehensively and deeply study and analyze the performance of steel fiber reinforced concrete, as well as explore its ap-
plication value in construction engineering, this paper conducts a comprehensive analysis and research on steel fiber reinforced concrete from
the perspectives of material properties, mechanical properties, application research, and materials and construction technology. By thorough-
ly discussing the performance characteristics and application areas of steel fiber reinforced concrete, and looking forward to its application

prospects, this study will provide specific guidance and reference value for the promotion and development of steel fiber reinforced concrete.

2. Analysis of Material Properties of Steel Fiber Reinforced Concrete

2.1 Types and Properties of Steel Fiber Materials

Steel fiber reinforced concrete(SFRC) is a type of concrete that uses steel fibers as reinforcement material. The types and properties of
steel fibers have a significant impact on the performance of SFRC.

The types of steel fibers mainly include differences in diameter, shape, and length. Common types of steel fibers include steel wires,
steel fiber bundles, and steel fiber sheets. Steel wires are the most common type of steel fiber material, characterized by small diameter and
long length. Steel fiber bundles are formed by bundling multiple steel wires together, which can increase the volume fraction and dispersion
of steel fibers. Steel fiber sheets are cut from steel plates and have a larger surface area and thinner thickness.

The properties of steel fibers mainly include strength, ductility, corrosion resistance, and thermal stability.

2.2 Analysis of Material Properties of Steel Fiber Reinforced Concrete

The material properties of steel fiber reinforced concrete are closely related to the dosage of steel fibers. An appropriate dosage of steel
fibers can improve the crack resistance and impact resistance of concrete. However, excessive dosages of steel fibers may lead to a decrease

in the flowability of concrete and increased construction difficulty. Therefore, when designing the mix proportion of steel fiber reinforced
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concrete, it is necessary to consider the types and dosages of steel fibers as well as the specific requirements of the concrete. In addition, the

strength and toughness of the concrete matrix also have a significant influence on the performance of steel fiber reinforced concrete.

3. Analysis of Mechanical Properties of Steel Fiber Reinforced Concrete

3.1 Tensile Strength and Fracture Toughness

The addition of steel fibers can significantly improve the tensile strength of concrete. Compared to traditional concrete, steel fiber rein-
forced concrete has higher tensile strength and can effectively resist the tensile action of external loads. This is because steel fibers have high
strength and good ductility, which can withstand large tensile forces and enhance the overall strength of concrete.

In addition, the addition of steel fibers can significantly improve the fracture toughness of concrete. Fracture toughness refers to the
amount of energy that a material can absorb during the tensile process and can be understood as an indicator of the material’s crack resist-
ance. The addition of steel fibers can effectively resist crack propagation in concrete, thereby improving its fracture toughness. When con-

crete is subjected to external loads, steel fibers can bridge the cracks and prevent further expansion, thus enhancing the toughness of concrete.

3.2 Compressive Strength and Stress-Strain Relationship

The addition of steel fibers effectively resists local damage to concrete under compressive loading, enhancing overall strength. Their
high strength and rigidity effectively disperse and bear loads, increasing compressive capacity. Additionally, steel fibers fill the micro-cracks
in concrete, impeding crack propagation and improving compressive performance.

The stress-strain relationship of steel fiber reinforced concrete is also influenced by the steel fibers. Compared to ordinary concrete,
steel fiber reinforced concrete exhibits a smoother strain curve after loading, demonstrating better ductility. The addition of steel fibers ef-
fectively enhances the crack resistance of concrete and inhibits crack propagation. During loading, steel fibers act as bridging elements for
cracks, limiting their propagation within a shorter range and improving ductility. This improvement in the stress-strain relationship enables

steel fiber reinforced concrete to possess better performance under seismic and wind loads, such as earthquake resistance and wind resistance.

3.3 Bending Performance and Shear Strength

The addition of steel fibers effectively enhances the bending capacity of concrete. Within the concrete, steel fibers form a mesh-like
structure that disperses and bears loads, preventing crack propagation and concrete failure. Compared to ordinary concrete, steel fiber rein-
forced concrete has better ductility and toughness, enabling it to withstand more significant bending deformation without fracturing.

Furthermore, the addition of steel fibers can also increase the shear strength of concrete. Steel fibers create lateral connections within
the concrete, increasing the cohesion and shear strength. When subjected to shear forces, steel fibers effectively prevent shear failure of con-

crete, improving its shear resistance.

3.4 Impact Resistance and Fatigue Resistance

The impact resistance of steel fiber reinforced concrete refers to its ability to resist impact loads. These impact loads can come from
the impact of external objects or from sudden events. By adding steel fibers to the concrete, steel fiber reinforced concrete can significantly
enhance its impact resistance. The high strength and toughness of steel fibers allow steel fiber reinforced concrete to withstand large impact
loads without failure. The fatigue resistance of steel fiber reinforced concrete refers to its durability under long-term loading conditions. In
practical applications, structural materials often need to withstand long-term repeated loads, which can lead to fatigue failure of the material.
By adding steel fibers, steel fiber reinforced concrete can improve its fatigue resistance and delay the propagation of fatigue cracks.

The following table shows the comparison of the performance data of steel fiber reinforced concrete and ordinary concrete:
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Table 1: Comparison of performance of steel fiber reinforced concrete and ordinary reinforced concrete

Performance metrics ordinary reinforced concrete steel fiber reinforced concrete
Tensile strength/MPa 2~5.5 3~8
Compressive strength/MPa 21~35 35~56
Shear strength/MPa 2.5 42
Impact resistance/(N-m) 480 1380
Modulus of elasticity/MPa 2x104~3.5x104 1.5x104~3.5x104
Freeze-thaw resistance indicators 1 1.9
Crack resistance indicators 1 7
Anti-wear index 1 2

4. Application Research of Steel Fiber Reinforced Concrete

4.1 Application of Steel Fiber Reinforced Concrete in Road Engineering

Steel fiber reinforced concrete, as an excellent composite material, has been widely applied and recognized in road engineering. It
can be used in road pavements, sub-grades, and shoulders to improve the durability, load-bearing capacity, and crack resistance of roads.
(1) Application in road pavements: It effectively enhances the crack resistance and durability of road surfaces. Road pavements experience
heavy vehicle loads and traffic loads, making them prone to cracking and damage. By adding steel fiber reinforced concrete, the toughness
and tensile strength of road surfaces increase while crack propagation decreases. Moreover, steel fibers can resist the effects of temperature
changes and freeze-thaw cycles, improving the durability of road surfaces. (2) Application in road sub-grades: It strengthens the stability
and load-bearing capacity of road sub-grades. Steel fibers effectively improve the strength and resistance to settlement of soil, enhancing the
stability of road sub-grades. Additionally, they also increase the compressive strength and shear strength of road sub-grades, increasing their
load-bearing capacity and prolonging the service life of roads. (3) Application in road shoulders: Road shoulders are the side parts of roads
that bear loads from overtaking and parking vehicles. By adding steel fiber reinforced concrete, the shear strength and impact resistance of

road shoulders increase, effectively preventing shoulder collapse and damage, thus improving the safety and stability of roads.

4.2 Application of Steel Fiber Reinforced Concrete in Bridge Engineering

The application of steel fiber reinforced concrete in bridge engineering is of great significance for ensuring the safety and durability of
bridge structures. Traditional concrete has limitations in bridge engineering, such as susceptibility to cracking, low brittleness, and inadequate
seismic performance. However, steel fiber reinforced concrete, as an emerging material, has excellent mechanical and durability properties,
making it widely used in bridge engineering.

(1) Improved crack resistance of bridges: By adding steel fibers, the crack resistance of concrete is effectively improved, suppressing
crack propagation. This is particularly important for bridge structures that are often subjected to factors such as large spans, heavy loads, and
temperature variations, which can lead to cracking. For example, a large bridge reinforced with steel fiber reinforced concrete has shown a
significantly reduced crack occurrence rate over many years of use, ensuring the stability of the bridge structure.

(2) Enhanced seismic performance of bridges: The addition of steel fibers can increase the toughness and ductility of concrete, improv-
ing the ability of bridge structures to resist earthquake actions. In areas prone to earthquakes, bridges constructed with steel fiber reinforced
concrete can remain intact even under moderate seismic events, ensuring smooth traffic flow and passenger safety.

(3) Improved durability of bridges: Steel fibers can effectively reduce cracking and shrinkage of concrete, preventing the penetration
of moisture and harmful gases, thereby reducing the aging and corrosion of concrete. For example, in a coastal bridge subjected to years of
exposure to seawater and harsh environments, the use of steel fiber reinforced concrete has maintained excellent durability, prolonging the

service life of the bridge.
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4.3 Application of Steel Fiber Reinforced Concrete in Building Engineering

Steel fiber reinforced concrete, as a new type of construction material, finds wide application in building engineering. It has numerous
advantages that improve the mechanical and durability properties of concrete, thereby extending the lifespan of buildings.

(1) Underground structures: Underground structures need to resist water infiltration and seismic forces, and steel fiber reinforced con-
crete exhibits excellent water resistance and seismic performance. For instance, using steel fiber reinforced concrete floors in underground
garages effectively prevents water infiltration and enhances the durability of the ground. Additionally, steel fiber reinforced concrete can be
used in the construction of underground drainage channels, as its tensile strength and fracture toughness can withstand underground water
impacts.

(2) High-rise buildings: High-rise buildings must withstand significant loads and wind forces, and steel fiber reinforced concrete has
high compressive and tensile strength, effectively enhancing the structural load-bearing capacity and wind resistance. For example, using
steel fiber reinforced concrete in columns and beams of high-rise buildings increases their flexural and shear strength, improving the overall
stability of the structure. Furthermore, steel fiber reinforced concrete can be used in the construction of floor slabs and exterior walls of high-
rise buildings, increasing their seismic performance and durability.

(3) Special structures: In nuclear power plant construction, steel fiber reinforced concrete can resist radiation and high temperatures,
thereby improving the safety of the buildings. In marine engineering, steel fiber reinforced concrete can be used in the construction of sea-
walls, docks, and underwater tunnels, enhancing their impact resistance and durability. Moreover, steel fiber reinforced concrete can be used

in special-shaped buildings, such as curved bridges and architectural facades, increasing structural aesthetics and rigidity.

5. Steel Fiber Reinforced Concrete Materials and Construction Techniques

5.1 Selection and Content Design of Steel Fibers

The selection and content design of steel fibers are crucial in SFRC projects. The proper selection of suitable types of steel fibers and
determining the appropriate content play a significant role in ensuring the mechanical and durability performance of SFRC.

The dosage design should be determined based on the project requirements and the material properties of steel fibers. Generally, the
content of steel fibers is usually expressed as a volume fraction. A low content can affect the reinforcing effect of SFRC, while a high content
may result in poor flow ability of the concrete. In specific engineering applications, a reasonable content should be carried out based on the
structural requirements and design parameters of the project. For example, in underground tunnel engineering, the content of steel fibers is typically
controlled within the range of 0.5-1.5% to enhance the concrete’s impact resistance and crack resistance. In high-rise building structures, the content

of steel fibers can be moderately increased to 1-2% to improve the concrete’s seismic performance and load-bearing capacity.

5.2 Preparation Methods of Steel Fiber Reinforced Concrete

The selection of steel fibers is crucial for the performance of SFRC. Commonly used steel fibers include ordinary steel fibers, high-
strength steel fibers, and shape memory alloy steel fibers. Ordinary steel fibers have good tensile strength and corrosion resistance, making
them suitable for general engineering applications. High-strength steel fibers have higher tensile strength and tensile properties and are suita-
ble for projects that require higher strength. Shape memory alloy steel fibers exhibit shape memory effects and can restore their original shape
after being subjected to stress, making them suitable for projects that require deformations.

There are two main preparation methods for SFRC: the dry blending method and the wet blending method. The dry blending method
involves mixing dry materials such as cement, aggregates, and steel fibers, then adding the appropriate amount of water for mixing to obtain
steel fiber reinforced concrete. This method is suitable for small-scale construction and on-site construction but requires careful control of the
water-cement ratio and mixing time to ensure the uniformity and strength of the concrete. The wet blending method involves mixing cement,
aggregates, steel fibers, and an appropriate amount of water together to obtain a wet steel fiber reinforced concrete slurry. The slurry is then

poured into molds for compaction and curing, resulting in steel fiber reinforced concrete. This method is suitable for large-scale precast com-
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ponent manufacturing and factory production, ensuring the uniformity and strength of the concrete.

6. Conclusion

6.1 Summary

As a reinforcing material, steel fibers effectively improve the tensile strength and crack resistance of concrete. Additionally, steel fibers
have good corrosion resistance and resistance to temperature changes, enabling steel fiber reinforced concrete to maintain stable performance
in harsh environments. Steel fiber reinforced concrete possesses excellent material and mechanical properties and is widely used in fields
such as road engineering, bridge engineering, and building construction. However, there are still insufficient research efforts regarding steel
fiber reinforced concrete, and further investigations are needed. Future research directions may include the durability assessment of steel fiber
reinforced concrete, optimization of construction processes, and development of new types of steel fibers to enhance their application effec-

tiveness and economic benefits.

6.2 Areas for Improvement

Research on the durability performance of steel fiber reinforced concrete is relatively lacking. Although some studies have evaluated
the chloride ion penetration resistance, sulfate erosion resistance, and alkali-aggregate reaction resistance of steel fiber reinforced concrete,
further in-depth investigations are required. For instance, it would be beneficial to explore the influence of different dosages and types of
steel fibers on the durability performance of steel fiber reinforced concrete and investigate the interfacial bonding performance between steel
fiber reinforced concrete and other materials to improve overall durability. Steel fiber reinforced concrete, as a novel composite material, has
achieved certain research results but still has areas that require further investigation and improvement. To promote the further application and
development of steel fiber reinforced concrete, in-depth research, and improvements are needed in standardization, durability performance,
construction techniques, and special engineering applications. Through continuous research and improvement, steel fiber reinforced concrete

will better meet the needs of engineering projects and play a more significant role in the field of engineering.

References

[1] Xie, Y. Experimental Study on Strength Performance of Ultra Early High-strength Short Steel Fiber Reinforced Concrete. Heilong-
jiang Journal of Traffic Science and Technology, 2022, 45(5), 59-60+63.

[2] Huang, Y. Analysis of the Application of Steel Fiber Reinforced Concrete Technology in Bridge Construction. Enterprise Science
and Technology Development, 2022(4), 179-181.

[3] Kan, Y. Application Research of Polyolefin Fiber-reinforced Concrete in Trackless. Railway Construction Technology, 2022(3),
181-186+190.

[4] Liu, K., & Kang, H. Review on the Fracture Performance of Fiber-reinforced Concrete. Shanxi Architecture, 2022, 48(4), 111-114.

[5] Li, Y. Research on the Application of Fiber-reinforced Concrete in Water Conservancy and Hydropower Projects. Groundwater,
2022, 44(1), 160-161.

[6] Dai, L., Yang, F., Zhou, M., et al. Preparation and Mechanical Properties of Fiber-reinforced Concrete Composite Materials. Func-

tional Materials, 2021, 52(12), 12095-12099.

-16- Urban Transportation&Construction





