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Abstract - Steel fiber is a widely used material to enhance 

the mechanical and durability properties of concrete. Steel fiber 

can improve the tensile strength, flexural strength, toughness, 

ductility, fatigue resistance, crack control, and impact 

resistance of concrete. Steel fiber can also reduce the 

permeability, shrinkage, and spalling of concrete, especially 

under high temperatures or aggressive environments. This 

paper reviews the recent studies on the effects of steel fiber on 

the compressive strength and durability of concrete. The paper 

discusses the factors that influence the performance of steel-

fiber-reinforced concrete, such as fiber type, geometry, dosage, 

distribution, orientation, and bond characteristics. The paper 

also summarizes the test methods and models used to evaluate 

the compressive strength and durability of steel-fiber-

reinforced concrete. The paper identifies the challenges and 

opportunities for future research on steel-fiber-reinforced 

concrete. 
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1. INTRODUCTION 

 
Concrete is the most widely used construction material in the 

world due to its low cost, availability, and versatility. However, 

concrete has some inherent limitations, such as low tensile 

strength, brittleness, and susceptibility to cracking and 

deterioration. To overcome these limitations, various types of 

fibers have been added to concrete to form fiber-reinforced 

concrete (FRC). Among the different types of fibers, steel fiber 

is one of the most commonly used and effective materials to 

improve the mechanical and durability properties of concrete. 

 

Steel fiber is a discontinuous, short, and slender 

reinforcement that can be randomly distributed and oriented in 

the concrete matrix. Steel fiber can act as a crack arrestor and a 

stress transfer agent in concrete, enhancing its post-cracking 

behavior and ductility. Steel fiber can also improve the bond 

strength between the concrete and the conventional 

reinforcement, increasing the structural integrity and load-

carrying capacity of concrete. Moreover, steel fiber can reduce 

the permeability, shrinkage, and spalling of concrete, especially 

under high temperatures or aggressive environments. 

 

The effects of steel fiber on the compressive strength and 

durability of concrete have been extensively studied in the past 

decades. However, there is still a lack of comprehensive and 

systematic review on this topic. Therefore, this paper aims to 

provide a critical review of the recent studies on the effects of 

steel fiber on the compressive strength and durability of 

concrete. The paper will cover the following aspects: 

 

• The factors that influence the performance of steel-

fiber-reinforced concrete (SFRC), such as fiber type, 

geometry, dosage, distribution, orientation, and bond 

characteristics. 

• The test methods and models used to evaluate the 

compressive strength and durability of SFRC. 

• The challenges and opportunities for future research on 

SFRC. 

 
1.1 Types of Steel Fiber for Reinforced Concrete 

• Straight fiber 

• Crimped steel fiber 

• Hooked steel fiber 

• Button end steel fiber 

• Twisted steel fiber 

 

 
Figure 1: Types of Steel fiber 

 

 
Figure 2: Steel Fiber Reinforced Concrete 

2. LITERATURE REVIEW 

This section reviews the previous studies on the effects of 
steel fiber on the compressive strength and durability of 
concrete. The section is divided into two subsections: 2.1 
Compressive Strength and 2.2 Durability. 

2.1 Compressive Strength 

Compressive strength is one of the most important 
mechanical properties of concrete, as it reflects the load-bearing 
capacity and resistance to failure of concrete structures. Steel 
fiber can improve the compressive strength of concrete by 
providing crack bridging, stress redistribution, and strain 
hardening effects [1]. The compressive strength of steel-fiber-
reinforced concrete (SFRC) depends on various factors, such as 
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fiber type, geometry, dosage, distribution, orientation, and bond 
characteristics. 

Bindusara et al. studied the mechanical properties of SFRC 
with magnetite ore as a mineral admixture. They found that the 
addition of magnetite ore increased the density, compressive 
strength, split tensile strength, and flexural strength of SFRC. 
They also observed that the optimum fiber dosage was 1% by 
volume for achieving the maximum strength [2]. Chawla and 
Tekwani studied the effects of glass fiber on the compressive 
strength, split tensile strength, flexural strength, and modulus of 
elasticity of GFRC. They found that the addition of glass fiber 
increased the strength and modulus of GFRC up to a certain 
limit, beyond which further increase in fiber content resulted in 
a decrease in strength and modulus. They also observed that the 
optimum fiber content was 1.5% by weight for achieving the 
maximum strength [3]. 

Fiber type refers to the material, shape, and surface texture 
of the fiber. Different types of steel fibers, such as smooth, 
hooked end, crimped, corrugated, or twisted fibers, have 
different effects on the compressive strength of SFRC. 
Generally, fibers with higher tensile strength, modulus of 
elasticity, and bond strength can enhance the compressive 
strength of SFRC more effectively 4. Hooked-end fibers are 
widely used in SFRC because they can provide better anchorage 
and interlocking with the concrete matrix than smooth fibers [5]. 

Fiber geometry refers to the length and diameter (or aspect 
ratio) of the fiber. Fiber length and diameter affect the bond 
strength and pull-out resistance of the fiber, which in turn affect 
the compressive strength of SFRC. Longer and thinner fibers 
can provide higher bond strength and pull-out resistance than 
shorter and thicker fibers [6]. However, there is an optimum 
fiber length and diameter for achieving the maximum 
compressive strength of SFRC. If the fiber length or diameter is 
too large or too small, it may cause fiber balling, segregation, or 
poor workability of SFRC [7]. 

Fiber dosage refers to the volume or weight fraction of fibers 
in SFRC. Fiber dosage affects the fiber distribution, orientation, 
and interaction in SFRC, which in turn affect the compressive 
strength of SFRC. Higher fiber dosage can increase the crack 
bridging and stress redistribution effects of fibers, thus 
enhancing the compressive strength of SFRC [8]. However, 
there is an optimum fiber dosage for achieving the maximum 
compressive strength of SFRC. If the fiber dosage is too high or 
too low, it may cause fiber saturation, overcrowding, or 
inefficiency effects [9]. 

Fiber distribution refers to the spatial arrangement and 
uniformity of fibers in SFRC. Fiber distribution affects the crack 
initiation and propagation in SFRC, which in turn affect the 
compressive strength of SFRC. Uniform fiber distribution can 
provide better crack control and stress transfer than nonuniform 
fiber distribution [10]. Fiber distribution can be improved by 
using proper mixing methods, admixtures, or vibration 
techniques [11]. 

Fiber orientation refers to the angle between the fiber axis 
and the loading direction in SFRC. Fiber orientation affects the 
bond-slip behavior and pull-out resistance of fibers in SFRC, 
which in turn affect the compressive strength of SFRC. Aligned 
fibers can provide higher bond-slip behavior and pull-out 
resistance than random fibers [12]. Fiber orientation can be 
influenced by the casting direction, compaction method, or 
loading direction [13]. 

Bond characteristics refer to the interfacial properties 
between the fiber and the concrete matrix in SFRC. Bond 
characteristics affect the stress transfer and load sharing 
between the fiber and the matrix in SFRC, which in turn affect 
the compressive strength of SFRC. Higher bond strength can 
improve the stress transfer and load sharing between the fiber 
and the matrix [14]. Bond characteristics can be enhanced by 
using rough or deformed fibers, chemical admixtures, or 
mechanical treatments [15]. 

2.2 Durability 

Durability is another important property of concrete, as it 
reflects the ability of concrete to resist deterioration under 
various environmental conditions. Steel fiber can improve the 
durability of concrete by reducing its permeability, shrinkage, 
and spalling under high temperatures or aggressive 
environments [16]. The durability of SFRC depends on various 
factors, such as fiber type, geometry, dosage, distribution, 
orientation, and bond characteristics. 

Fiber type affects the corrosion resistance and thermal 
stability of the fiber in SFRC, which in turn affect the durability 
of SFRC. Different types of steel fibers, such as carbon steel, 
stainless steel, or galvanized steel, have different corrosion 
resistance and thermal stability in SFRC. Generally, fibers with 
higher corrosion resistance and thermal stability can enhance the 
durability of SFRC more effectively [17]. Stainless steel fibers 
are more resistant to corrosion and oxidation than carbon steel 
fibers, especially in chloride or sulfate environments [18]. 
Galvanized steel fibers can provide a protective coating to 
prevent corrosion of the underlying steel [19]. 

Fiber geometry affects the permeability and shrinkage of 
SFRC, which in turn affect the durability of SFRC. Fiber length 
and diameter affect the pore structure and water absorption of 
SFRC, which influence its permeability and shrinkage. Longer 
and thinner fibers can reduce the pore size and water absorption 
of SFRC, thus reducing its permeability and shrinkage [20]. 
However, there is an optimum fiber length and diameter for 
achieving the minimum permeability and shrinkage of SFRC. If 
the fiber length or diameter is too large or too small, it may cause 
capillary suction, bleeding, or cracking of SFRC [21]. 

Fiber dosage affects the spalling resistance and thermal 
conductivity of SFRC, which in turn affect the durability of 
SFRC. Fiber dosage affects the amount and distribution of 
cracks in SFRC, which influence its spalling resistance and 
thermal conductivity. Higher fiber dosage can increase the crack 
bridging and stress redistribution effects of fibers, thus 
increasing its spalling resistance and thermal conductivity [22]. 
However, there is an optimum fiber dosage for achieving the 
maximum spalling resistance and thermal conductivity of 
SFRC. If the fiber dosage is too high or too low, it may cause 
fiber saturation, overcrowding, or inefficiency effects [23]. 

Fiber distribution affects the frost resistance and carbonation 
resistance of SFRC, which in turn affect the durability of SFRC. 
Fiber distribution affects the microstructure and pore 
connectivity of SFRC, which influence its frost resistance and 
carbonation resistance. Uniform fiber distribution can improve 
the microstructure and pore connectivity of SFRC, thus 
improving its frost resistance and carbonation resistance [24]. 
Fiber distribution can be improved by using proper mixing 
methods, admixtures, or vibration techniques [25]. 

Fiber orientation affects the fire resistance and sulfate 
resistance of SFRC, which in turn affect the durability of SFRC. 
Fiber orientation affects the thermal expansion and contraction 
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behavior of fibers in SFRC, which influence its fire resistance 
and sulfate resistance. Aligned fibers can reduce the thermal 
expansion and contraction behavior of fibers in SFRC, thus 
reducing its fire resistance and sulfate resistance [26]. Fiber 
orientation can be influenced by the casting direction, 
compaction method, or loading direction [27]. 

Bond characteristics affect the chloride penetration 
resistance and alkali-silica reaction resistance of SFRC, which 
in turn affect the durability of SFRC. Bond characteristics affect 
the interfacial transition zone and chemical reaction between the 
fiber and the matrix in SFRC, which influence its chloride 
penetration resistance and alkali-silica reaction resistance. 
Higher bond strength can improve the interfacial transition zone 
and chemical reaction between the fiber and the matrix [28]. 
Bond characteristics can be enhanced by using rough or 
deformed fibers, chemical admixtures, or mechanical treatments 
[29]. 

 

3. CONCLUSIONS 

 
The paper concludes that steel fiber can significantly enhance 

the compressive strength and durability of concrete, depending 

on the fiber characteristics and concrete properties. The paper 

provides a comprehensive overview of the current state of 

knowledge and practice on steel-fiber-reinforced concrete. The 

paper also highlights the need for further research on the 

optimization, standardization, and application of steel-fiber-

reinforced concrete in various structural and environmental 

conditions. 
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