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Abstract: There have been several difficulties with mesh-reinforced 

lining constructions because to the complex tunnelling circumstances 

and varying technical requirements. Thereafter, steel fiber reinforced 

concrete (SFRC) is promoted as a trustworthy replacement for mesh-

reinforced linings. In this study, we take a look at the components and 

typical characteristics of SFRC. Cracks or structural failures in mesh-

reinforced linings are summarized, and contemporary difficulties in this 

field are discussed. Tunnel linings made from SFRC are discussed, 

along with the benefits of doing so. In addition, the performance of 

SFRC in tunnel lining applications is reviewed, along with various 

design considerations and practical instances. The evaluation found that 

SFRC lining had a favourable impact on limiting rock movement, 

decreasing lining pressure, and ensuring both global and local support 

structure integrity. The study provides useful information for advancing 

the use of SFRC  

Keywords: Steel Fiber Reinforced Concrete, Mesh-Reinforced, Tunnel 

linings 

 

Introduction   

Throughout the last few decades, concrete has earned a reputation as a durable 

material.preferred method of using steel fabrications for producing structural parts [1,2] in 

building projects.In the tunneling industry, concrete is often used as a ground support with 

other materials including steel arches, steel mesh, and anchors to help keep newly dug tunnels 

and caverns stable [2-4]. Shotcrete's use as a lining material has increased in recent years, 

mostly because to New Austrian techniques"NATM" refers to the New Approach to 

Tunneling in Tunnel Engineering [5,6]. The cement mixture is pumped via an enclosed, high-

pressure system. a piping system, and finally sprayed onto the rock face to create a shell [7] 

to support the structure. Although mesh-reinforced linings have been put to use in a variety of 

applications, their poor deformability, susceptibility to fractures, and brittle failure  continue 

to limit their potential. The concrete linings' slow but steady degradation compromises the 

support structure's ability to keep the tunnel upright [8]. More and more tunnels are being dug 

through increasingly challenging geological terrain, which not only necessitates greater load-

bearing capacities of the mesh-reinforced linings, but also increases the risk of various geo-

hazards like extreme deformation, water leakage, and lining cracks.The use of fibers in 

concrete modification is crucial since they may boost the material's mechanical qualities. 

Pliability, toughness, and longevity of concrete [9]. Currently, The most common kind of 

fiber-reinforced concrete is SFRC. Steel fiber (SF) incorporation has been shown to be 

beneficial in fractures, allowing for greater crack-resistance in an otherwise brittle material. 
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Nonetheless, SFRC has a better behavior and resistance to fatigue after strain peak. In 

particular, SF can: (1) increase the ductility, toughness, flexural strength, and shear strength 

of cementitious materials; (2) absorb energy, bridge cracks, transmit load, and prevent crack 

expansion and integration when external loads are applied to SFRC; (3) decrease the 

shrinkage, creep, and permeability of concrete; and (4) increase the fatigue, impact, and 

explosion resistance of concrete.Mesh-reinforced linings may fail to fulfill the stability needs, 

which is a major problem for tunnels constructed in soft rocks or compressing earth. 

Impossible to achieve without sacrificing time is a higher degree of concrete strength or a 

thicker shotcrete liner. With the use of discrete fibers in place of steel mesh, SFRC lining is a 

practical choice due to its increased load-bearing capability and performance. This not only 

saves time during construction but also decreases stress by eliminating the possibility for 

concentration caused by the shadow cast by steel mesh on uneven rock masses. Because of its 

bonding action, SFRC is a practical option for maintaining tunnel stability in rock that has 

been fragmented [10]. SFRC linings are now being used as main support and permanent 

lining in tunnels [11]. A single layer of SFRC lining of a certain thickness is adequate to 

guarantee tunnel stability under optimal geological conditions [12]. To reduce lining 

thickness and excavated cross-sectional area. These evidences show that the widespread use 

of SFRC as structural components greatly benefits tunnel linings[13]. In light of this, this 

research examines the components and characteristics of SFRC and goes into detail on the 

potential for cracking and failure in the mesh-reinforced linings. to construct the tunnel 

linings out of SFRC. The advantages, design considerations, and application performance of 

SFRC are outlined to encourage its use in tunnel linings. 

Fibre Reinforced Concrete (FRC)  

Concrete is fragile and has a low tension strength. The idea of incorporating fibers into 

building materials in order to enhance their performance dates back centuries. Straw was used 

to reinforce clay bricks, horse hair was used to strengthen plaster, and asbestos was used to 

strengthen pottery. Reinforced concrete (also known as reinforced concrete) is concrete that 

has been strengthened and made more flexible by the use of continuous reinforcement. Fibres 

introduced in a more discrete fashion into ordinary or concrete columns may provide a better 

option. Fibre Reinforced Concrete (FRC) has been steadily evolving since the 1960s. When 

fibers are added to concrete, the mixture becomes homogenous and isotropic. The random 

orientation of the fibers in concrete activates when a fracture forms, stopping the crack from 

growing and increasing the material's strength and ductility. The inherent fragility of plain 

concrete is due to the occurrence of tiny fractures at the mortar-aggregate contact. Adding 

fibers to the mixture helps remedy the weakness[15]. The fibers aid in load transmission at 

the microscopic fissures therein. Fibre Reinforced Concrete is a kind of this concrete (FRC). 

Because of the reinforcement provided by the random distribution of short, discontinuous, 

and discrete fine fibers of a predetermined shape, FRC or mortar is essentially a composite 

material consisting of standard concrete or mortar. It is a distinct kind of concrete in which 

the cement-based matrix is strengthened by the sharing of fibers either in a predetermined 

pattern or at random. Depending on the shape of the fibers and the intended use, the volume 

of fibers added to regular concrete may range from 1% to 2%. As a fractures arrester, the 
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fiber in the cement-based matrix prevents defects from propagating under stress to cracks that 

ultimately lead to failure. Matrix advancements may be achieved by the suppression of 

fracture propagation from internal defects. Both mortar & concrete are two-phase composite 

systems, with relatively rigid aggregate particles contained in a mushy brittle matrix that 

provides the composite with its stiffness and stability. Fibre reinforcing of the cement matrix 

is seen in the behavior of mortar and concrete. 

Literature Review 

Xiuling Wang et.al, (2021) There have been several difficulties with mesh-reinforced lining 

constructions because to the complex tunnelling conditions and varying technical 

requirements. After that, steel fiber reinforced concrete (SFRC) may be used instead of mesh-

reinforced linings without compromising on strength. In this study, we take a look at what 

makes up SFRC and its usual features. Current issues for mesh-reinforced linings are 

explored, and the primary causes of fractures or structural failures in mesh-reinforced linings 

are reviewed. The benefits of implementing SFRC into the tunnel linings' actualization are 

also underlined. In addition, we describe key design factors and several real-world examples 

of SFRC's successful use in tunnel linings. Our analysis verified the beneficial impact of 

SFRC lining on minimizing lining pressure, minimizing rock displacement, and ensuring 

both global and local support structure stability. The study provides useful information for 

advancing the use of SFRC in tunnel linings. 

S. H. Diab et.al.,(2020) The idea that concrete mixes should be designed with a specific 

strength in mind is deceptive now that more advanced materials are available. Because of the 

increased leeway in material choice and mix proportions afforded by performance-based 

design, this approach is gaining traction worldwide. The purpose of this research was to 

examine the feasibility of lowering the corrosion risk of fiber-reinforced concrete by 

increasing its electric resistivity. The employed fibers' physical characteristics, electrical 

conductivity, and combination components were the most important factors. Steel fiber and 

nonconductive fibers were both taken into account (i.e., polypropylene and nylon). These 

fibers were added to both silica fume- and silica-free concrete.  

Mohammad Khawaji et.al.,(2020) In this experiment, the impacts of the inexpensive 

carbon-based nanomaterial edge-oxidized graphene oxide (EOGO) on the fresh and hardened 

characteristics of conventional portland cement concrete (PCC) and fiber-reinforced concrete 

(FRC) are examined (FRC). Concrete's workability is enhanced when EOGO is added to the 

mix. To remedy the poor workability of FRCs without sacrificing the mechanical advantage 

provided by EOGOs, the latter were mixed into the material as an additive. In this research, 

we compared two different kinds of fiber: basalt fiber (BF) and steel fiber (SF). To begin, 

0.1% of the BF by volume was added to the basalt FRC (BFRC) mixture, or 0.05% of EOGO 

by cement weight. Second, having the BFRC outcomes in mind, steel FRC (SFRC) mixtures 

containing 1.0% SF by the concrete volume were used to include EOGO at a concentration of 

0.1%.  
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Ali Osman Ates et.al.,(2019) Reinforced concrete members' strength and ductility may be 

improved by using the external jacketing technique, which employs cement-based matrices 

and textile reinforcement. In this experiment, low-strength concrete prisms were externally 

jacketed with glass fiber-reinforced mortar (GFRM) with and without basalt textile 

reinforcement. The cement-based matrix was applied to the surface of the specimen using a 

novel spraying approach. A vast number of concrete prisms with five distinct cross-section 

geometries were examined (circular, square, and rectangular, with cross-sectional aspect 

ratios of 1.5, 2, and 3). In the conclusion, the tests validated the efficacy of the suggested 

retrofit procedure in improving the functionality of low-strength concrete components. Where 

there is restricted access to the structural parts that will be modified, the spraying approach is 

a viable and realistic option. Predictions of the retrofitted specimens' peak strength and 

ultimate stresses are also offered, along with a straightforward analysis method based on the 

effectively constrained concrete area idea. 

Split tensile strength 

A cylinder with a vertical split in its diameter may be used to calculate the concrete's tensile 

strength. It is an indirect way of measuring concrete's tensile strength. A concrete specimen's 

tensile strength is measured by its ability to withstand the tensile strains created by applying a 

compressive force without breaking. Knowing the tensile strength of concrete is crucial when 

constructing structures since concrete is a material that is weak under tension. There are two 

ways to determine the tensile strength of concrete: the "Direct Way" and the "Indirect 

Method." As the direct approach entails challenges with specimen retention in the testing 

equipment, it is not preferable for determining the specification tensile strength of concrete. 

There are situations when an eccentric load is more likely to be applied to the concrete 

specimen. With the indirect approach, tensile strains in concrete are allowed to accumulate 

before the specimen is subjected to a compressive force that causes failure. Tensile strength 

in concrete is measured by the amount of tensile stress that may be applied to a specimen 

before it breaks, and one indirect way is the split test. In order to do this check, IS 5816-2018 

must be validated. 

Flexural strength 

Flexural strength, often called modulus of rupture, is the force an object can endure before 

breaking or permanently deforming. Flexural strength is related to bending criteria by the use 

of the three-point loading method. Flexural strength [1] is the stress in such a material just 

before it breaks in a flexure test, also known as the rupture modulus, rupture bend strength, or 

the strength of the transverse rupture. 

With a perfectly homogenous material, the flexural strength would be equal to the tensile 

strength. In reality, most materials include flaws, either minor or big, that concentrate 

pressures locally and lead to a point of failure. If the fibers at the material's edges are defect-

free, the flexural strength will be determined by the integrity of those fibers alone when the 

material is bent. The material will break when the weakest fiber achieves its limiting tensile 

stress if it is exposed to just tensile pressures, but it will fail uniformly if only compressive 

forces are applied. As a result, flexural strengths of the same material tend to be greater than 
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tensile values. On the other hand, tensile strength may be greater than flexural strength in a 

homogenous material with just surface flaws (such as scratches). In the absence of any faults, 

it is obvious that a bending force less than the equivalent tensile force would cause the 

material to fail. The failure stress caused by each force is equal and proportional to the 

material's strength.The IS 516-2018 governs this particular evaluation. 

Stress-Strain Behaviour of Companion Specimens 

Table 1 displays the findings of a comprehensive experimental study of the stress-strain 

properties of concrete reinforced with a variety of fiber materials. 

Table 1 Stress Strain behaviour of companion specimens 
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Extensive experimental examination into the mechanical strength properties of concrete 

augmented with various fibre materials was conducted, and the findings are reported. 

Strength of concrete, split tensile strength, flexural modulus, and modulus of elasticity were 

among the experiments used to investigate concrete's basic mechanical characteristics. The 

table below displays the results of the mechanical property tests conducted on the PC, SFRC, 

BFRC, SiFRC, HFRC 1, and HFRC 2 mixtures after 28 days of curing. 2 

 

Results of Durability Properties 

In-depth experimental examination of the durability properties of concrete reinforced with 

various fibre materials was conducted, and the findings are reported here. Tables 3 and 4 

detail the impact of hybrid fibers on weight loss and compressive strength in response to acid, 

sulphate, and chloride assaults, respectively. Table 5 displays the water-absorption 

percentages for the different mixtures. 
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Conclusion: 

Most concrete ultimately cracks; tunnel linings, in particular, crack often and severely for a 

variety of reasons. Coatings' mechanical properties, in particular their residual strength after 

cracking, benefit from the addition of SFs. Fiber-reinforced concrete linings for tunnels have 

increased resistance to external pressures and reduced structural spalling caused by concrete 

shrinkage. SFRC may be useful for repairing mesh-reinforced linings that have developed 

flaws such as cracks or splits. The problems and causes of breaking in mesh-reinforced 

linings are investigated in this study. Primary component and long-term lining are the two 

most common applications for SFRC linings. The essential constitution of SFRC is also 

discussed, along with its typical makeup and defining features. Tunnels lined with SFRC are 

touted for their mechanical advantages. The advantages of SFRC as a tunnel lining material 

are systematically compiled here. The design of SFRC tunnel lining makes use of analytical 

methods, such as models based on elastic-plastic constitutive relations. Notwithstanding the 

usual computational simulations and experimental verifications the use of theory, fracture 

mechanics, damage mechanics, and numerical continuum mechanics to the assessment of 

SFRC performance has the potential to provide useful insights. The constitutive model is 

being utilized more often in commercial applications for performance evaluation as 

processing power and software advance. The resistance to static and dynamic stresses shown 

by SFRC linings. Also, the quantity of fibers, the depth of the spray layer, and the safety of 

mechanical features should all be thoroughly reviewed as part of investment backup plans. 

improving worldwide stability, fracture resistance, and bearing capacity while decreasing 

lining pressure and rock displacement. Thus, SFRC coatings are recommended. 
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