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ABSTRACT: 

Concrete's susceptibility to low tensile strength and limited strain capacity necessitate reinforcement for widespread construction use. Typically, continuous steel 

bars are strategically placed to withstand imposed tensile and shear stresses. In contrast, fibres-short, discontinuous, and randomly dispersed throughout concrete-

yield a composite material known as fibre reinforced concrete. These fibres, made of steel, glass, polymer, or natural materials, more effectively control cracking 

due to their closely spaced distribution. However, it's crucial to note that fibres aren't a substitute for conventional steel bars; they serve distinct roles in advanced 

concrete technology, often complementing each other in various applications 
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1. INTRODUCTION: 

Among fibres, Steel Fibre (SF) stands out as the most prevalent for concrete reinforcement. Initially utilized to manage shrinkage in concrete, further 

exploration revealed its substantial impact: enhancing flexural toughness, energy absorption, ductility, reducing cracking, and improving durability (Altun 

et al., 2006). This paper delves into the effects of SF addition in concrete, exploring its mechanical properties and applications in Steel fibre Reinforced 

Concrete (SFRC). Steel fibres are small, discontinuous, and typically short filaments made from different types of steel. They're used as a reinforcement 

material in concrete to enhance its structural properties. These fibres are added to the concrete mix to improve its strength, durability, and resistance to 

cracking. The inclusion of steel fibres in concrete creates a composite material that can better withstand stresses like tension, bending, and shear forces. 

They help control cracking, especially in situations where traditional reinforcement like rebar might be difficult to implement or insufficient. Steel fibres 

can be straight or deformed, and their aspect ratio (length to diameter) can vary depending on the specific application requirements. The advantages of 

using steel fibres in concrete include increased toughness, impact resistance, and fatigue performance. They're often utilized in industrial flooring, tunnel 

linings, precast elements, and shotcrete applications. However, the effectiveness of steel fibres can depend on factors such as fibre type, dosage, concrete 

mix design, and the specific conditions of the project. Overall, steel fibres offer an additional method of reinforcing concrete structures, providing more 

flexibility and strength compared to traditional concrete mix. Steel fibres come in various types, each designed to suit specific applications and project 

requirements. Some common types of steel fibres include: 

1.Straight Steel Fibres: These are the most basic type, typically manufactured as straight, smooth filaments as shown in fig 1. They offer good mechanical 

properties and are used in various applications requiring reinforcement against cracking and increased tensile strength.               

 

 

 

 

 

 

 

 

Fig. 1 Straight steel fibres 
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3.Hooked-End Steel fibres: These fibres have small hooked ends at both or one end of the filament. The hooks increase the anchorage within the concrete 

matrix, enhancing pull-out resistance and improving the bond between the fibre and the concrete. There are three varieties of hooked-end steel fibres 

available in the market. Their geometries are shown in fig. 3. 

 

                  

 

 

 

 

 

 

 

Fig. 3 (a) 3D steel fibre, (b) 4D steel fibre, (c) 5D steel fibre 

2.Deformed Steel fibres: These fibres have surface irregularities or deformations as shown in fig. 2 that enhance their bond with the concrete matrix. The 

deformations can be in the form of hooks, waves, or crimps, providing better interlocking with the concrete, thus improving the overall performance. 

 

                                        

 

 

 

 

 

 

 

Fig. 2 Deformed steel fibres 

4.Micro Steel fibres: These fibres are much smaller in diameter compared to conventional steel fibres and are often used in applications where a very fine 

reinforcement is needed, such as thin-section concrete elements or overlays as shown in fig. 4. 

 

 

 

 

 

 

 

 

Fig. 4 Micro steel fibres. 

2. STEEL FIBRE REINFORCED CONCRETE (SFRC): 

Steel fibre reinforced concrete (SFRC) is a type of concrete that incorporates steel fibres into the mixture. These fibres, typically made of stainless steel, 

carbon steel, or other alloys, are added to the concrete mix to enhance its structural properties. The addition of steel fibres helps in improving the toughness, 

durability, and tensile strength of the concrete. To improve SFRC's workability and stability, superplasticizers (chemical admixtures) are often added to 
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the concrete mix. In most cases, SFs serve as secondary reinforcement alongside conventional steel bars or prestressing strands acting as primary 

reinforcement. However, when the SF volume fraction exceeds 2% per volume of concrete, the excellent mechanical properties of SFs might allow for 

standalone use without continuous reinforcement, yet these materials are typically reserved for specialized applications due to processing limitations and 

higher costs (Singh, 2017). The mechanical and durability properties of steel fibres are as follows. 

3. MECHANICAL PROPERTIES OF STEEL FIBRE REINFORCED CONCRETE 

3.1. COMPRESSIVE STRENGTH 

Stress-strain curves illustrate an evident improvement in compressive strength, spalling resistance, ductility, and toughness within SFRC (Padmarajaiah 

and Ramaswamy, 2002). The addition of steel fibres leads to an observed increase in compressive strength ranging from 11% to 24% (Shende et al., 

2012). SFRC incorporating up to 1.5% SFs by volume led to a notable enhancement in compressive strength, ranging from 0 to 15% (Dixon & Mayfield, 

1971). 

3.2. TENSILE STRENGTH 

The introduction of 1.5% by volume of SFs can notably enhance the direct tensile strength of concrete by up to 40% (Williamson, 1974). In cases where 

fibres are distributed more randomly, the observed increase in strength varies, ranging from negligible improvements to approximately 60%, with various 

studies presenting intermediate values (devi & Singh, 2013). Consequently, the sole aim of adding fibres to elevate direct tensile strength might not be as 

beneficial. However, as in compression, steel fibres play a crucial role in significantly enhancing post-cracking behaviour or toughness. 

3.3. IMPACT RESISTANCE  

SFRC displays remarkable resistance to dynamic loads from dropped weights or explosives, exhibiting a striking 8 to 10 times higher impact resistance 

compared to plain concrete (Singh, 2017). In particular, test findings from specimens incorporating high-tensile-strength, crimped SFs with a 0.50mm 

diameter showcased an astounding improvement in concrete toughness, surpassing 400% under impact loading (Singh, 2017).  

3.4. FLEXURAL STRENGTH 

The beams which were fabricated using Dramix RC-65/35-BN type SFs, incorporating two different dosages: 60 kg/m³ and 100 kg/m³ shows that the 

ratio of the measured ultimate load to the theoretical ultimate load was higher for SFRC beams with the dosage of 60 kg/m³. This suggests that beams 

with the lower dosage of SFs exhibited a more favourable ratio between the actual and theoretical ultimate loads (Hartman, 1999). 

The impact of SFs on concrete flexural strength surpasses their influence on direct tension or compression (Hartman, 1987). There is a substantial increase 

of approximately 55% in the flexural strength of SFRC with the addition of 2% SFs (Oh et al.,1999). The flexural strength of SFRC rises in tandem with 

the increase in both fibre volume fraction and age. Furthermore, an escalating aspect ratio contributes to the enhancement of bending strength (Zheng et 

al., 2023b). 

3.5. SHEAR STRENGTH 

SFRC containing just 1% by volume of SFs displayed an ultimate shear strength boost of up to 170% compared to SF-less RC (Narayanan and Darwish, 

1987). Notably, SFs can serve as a viable alternative to traditional transverse shear reinforcement, potentially replacing it entirely (Noghabai, 2000; 

Williamson, 1978). Furthermore, using a blend of SFs with diverse aspect ratios proves more effective in enhancing the mechanical performance of SFRC 

than relying solely on one type of fibre (Noghabai, 2000). Shear strength of SFRC shows a substantial increase due to the addition of SFs (Oh et al., 1999; 

Narayanan and Darwish, 1987). 

4. FLEXURAL BEHAVIOUR OF SFRC BEAMS 

Introducing 1.0% by volume of SFs into RC beams heightens both the initial cracking strength and toughness while augmenting the ductility and stiffness 

of SFRC beams appreciably compared to conventional RC beams lacking SF additions (Behbahani, 1998). The impact of introducing 1.0% by the volume 

of steel fibre is more evident in RC beams designed from higher compressive strength concrete in contrast to those made from lower compressive strength 

concrete, owing to the superior bond between fibres and the concrete paste. Implementing 1.0% by volume of SFs in RC beams shows better results in 

enhancing their flexural behaviour (Behbahani, 1998). 

Fibres notably improve performance under service conditions by augmenting stiffness during the cracked stage. This effectively restrains crack openings 

and deformations.  

Beams with high levels of reinforcement in their fibres prevent sudden concrete collapses by notably increasing concrete toughness under compression, 

which relies on the quantity and properties of these fibres. (Meda et al., 2012).  
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The strength to withstand bending was directly linked to the reinforcement ratio, whereas the normalized total crack length showed an inverse correlation. 

This reverse connection can be attributed to the stabilizing effect of crack bridging induced by the longitudinal reinforcement, enabling stable crack 

expansion (Gümüş & Arslan, 2023).  

When comparing beams with identical reinforcements, it's evident that the ultimate moments of SFRC beams are significantly greater than those of Plain 

concrete beams. This difference can be attributed to the utilization of high-strength steel-fibre-reinforced concrete (Lu et al., 2022).  

The inclusion of hooked-end steel fibres resulted in enhancements across various aspects: it improved cracking resistance, boosted stiffness after cracking 

(reducing service deflection by 21%), increased flexural capacity (raising the maximum load by 40%), and improved ductility (with a 49% increase). 

These improvements stemmed from reinforced tension, better management of drying shrinkage, increased toughness, and enhancements in post-peak 

behaviour within the compressive zone (Tran et al., 2019). Increased fibre contents led to improvements in cracked stiffness, and all beams showcased 

plastic rotation capacities that exceeded their limits (Cardoso et al., 2019). 

The ratio between cracking moment and ultimate moment decreased as the reinforcement ratio increased in both RC beams, regardless of the type of 

fibres used, at reinforcement ratios of 0.33% and 0.50% (Gümüş & Arslan, 2019). Enhancing the distribution and orientation of fibres yields better 

flexural performance compared to simply increasing the fibre content (Raju et al., 2020). 

5. DURABILITY PROPERTIES OF STEEL FIBRE REINFORCED CONCRETE  

5.1 ACID ATTACK 

When SFRC specimens are immersed in acid for 28 days, weight loss tends to be higher as the fibre dosage is increased in comparison with the 

conventional concrete. Compressive strength decreases with increase in fibre dosage (Krishna & Rao, 2016). Extended exposure to acid leads to a decrease 

in concrete strength for specific steel fibre concentrations. This weakening is due to the interaction of gypsum, formed by the reaction between calcium 

hydroxide and sulfuric acid, with tricalcium aluminate and water, resulting in the creation of expansive ettringite and consequent formation of cracks 

(Arjomandi et al., 2023). Steel fibre dosage of 1.5% has shown positive effect in resistance to acid attack (Wang et al., 2017). As the dosage of fibres 

increases in SFRC, the percentage of reduction in compressive strength following 28 and 56 days of acid immersion rises due to the corrosion of steel 

fibres (Ramakrishnan et al., 2022). 

5.2 WATER ABSORPTION 

In comparison to the water absorption of specimens cured for 28 days, the SFRC specimens cured for three years displayed a notable reduction, ranging 

between 3% and 52.4%. This decrease is attributed to the subsequent hydration reaction that densified the internal structure of the concrete (Yuan & 

Yang, 2022). The open porosity of Steel fibre reinforced concrete marginally exceeded that of conventional concrete. Specifically, the average porosity 

of conventional concrete measured at 10.7%, while SFRC recorded 11.3%, indicating a difference of approximately 5.6% higher in the latter (C. Frazão 

et al., 2013). 

5.3 CHLORIDE PENETRATION 

The rapid chloride permeability test revealed enhanced durability in steel fibre reinforced concrete due to their demonstrated ability to limit chloride 

penetration into the concrete. The presence of steel fibre reduced concrete cracks by interconnecting the voids within it (Ramakrishnan et al., 2022). 

Concerning chloride migration, incorporating fibre volumes between 0.5% and 1.5% resulted in a beneficial impact, reducing the depth of chloride 

penetration from 6.34 to 4.75 mm (Sukontasukkul et al., 2023). The resistance of concrete to chloride-ion penetration when using microfibers is primarily 

associated with the volume fraction of the fibres. A greater volume fraction of microfibers may escalate the diffusion of chloride ions in concrete, while 

a lower volume fraction enhances the concrete's ability to resist chloride penetration (Chen et al., 2021). Incorporating an appropriate quantity of SF can 

impede the ingress of chloride ions. Within a certain range, the greater the dosage of SF, the stronger the inhibitory impact, as SF diminishes the rate at 

which chloride ions penetrate (Zheng et al., 2023). 

5.4 CORROSION RESISTANCE 

Corrosion in concrete structures is notably less severe in SFRC compared to conventional concrete, as identified by various studies (Mangat and 

Gurusamy, 1987; Williamson and Morse, 1977; Halvorsen et al., 1976; Aufmuth et al., 1974). The well-compacted SFRC experiences limited corrosion 

of fibres near the concrete surface, even when the concrete is highly saturated with chloride ions (Schupack, 1985). 

When prismatic SFRC specimens containing hooked-end SFs are exposed to marine-like environment for a year and tested in a three-point bending setup, 

it was observed that only SFs crossing the crack within a 2 to 3mm rim from the external faces of the specimens exhibited extensive corrosion. Limited 

or no SF corrosion was noticed in narrower crack parts (0.1mm crack mouth opening), while wider crack sections (0.5mm crack mouth opening) showed 

slight fibre corrosion without a reduction in their section. No concrete bursting or spalling was recorded due to fibre corrosion (Turatsinze et al., 2005). 
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6. CONCLUSION: 

The paper provides an overview of Steel Fibre Reinforced Concrete (SFRC), emphasizing its mechanical properties, advantages, and applications. Over 

recent decades, substantial advancements have been achieved in concrete technology, notably in the realm of Fibre Reinforced Concrete. SFRC is defined 

as a composite material wherein conventional concrete is strengthened by the random dispersion of short, discontinuous, and discrete fine Steel fibres 

with specific geometries. Unlike traditional reinforcing steel bars, which are strategically designed and placed in the concrete's tensile zone, fibres are 

thin, short, and dispersed randomly throughout the concrete member. Among various types of fibres utilized for concrete reinforcement, Steel fibres stand 

out as the most popular choice. The performance of Steel fibre Reinforced Concrete (SFRC) has exhibited remarkable enhancements in flexural strength 

and overall toughness when compared to Conventional Reinforced Concrete. 
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