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Abstract: - Construction projects all throughout the world employ concrete, a composite material. It is natural for concrete to 

contain cracks and pores, but it is important to determine whether or not they are stable. Therefore, fracture-related issues in concrete 

are crucial. Using a variety of fracture parameters, fracture study evaluates the ductile behaviour of concrete structures under force. 

The goal of the current study is to determine how much, in terms of fracture metrics, adding steel fibres to concrete can increase its 

ductility and fracture related parameters. 

Introduction: -  

The most adaptable material utilized in civil engineering is concrete. Concrete cannot be monitored for the existence of pores and 

cracks because it is a composite material. Therefore, it is vital to determine whether or not these fissures are stable. A useful 

technique for examining the behavior of concrete under static loading is fracture mechanics. In the building sector, fracture is a 

frequent but significant issue. The type and significance of the structure affects how serious the issue is. The definition of a fracture 

is the division of a component into at least two parts. When an object undergoes enough strain and work to fracture, the bonds that 

bind atoms together are broken at the atomic level. Concrete's heterogeneous character and the presence of a large-scale Fracture 

Process Zone (FPZ) at the crack tip make its fracture behavior more complex. Failure can happen for a variety of causes, such as 

unpredictability in the environment or loading, material flaws, inadequate design, and flaws in the construction and maintenance. 

Failure of a structure typically results from catastrophic fracture propagation that localizes stresses and impairs the structure's ability 

to function. By making concrete stronger and more ductile, steel fiber-reinforced concrete (SFRC) provides a solution to the issue 

of cracking. The steel fibres that are randomly oriented help to control the propagation of microcracks that are already present in 

the matrix by first enhancing the matrix's overall cracking resistance and later by bridging across even smaller cracks that form after 

the application of load on the member, preventing their widening into major cracks. The most frequent uses are bridge deck slab 

repairs, airport pavements, tunnel linings, slabs, shotcrete, and pavements. 

Literature Review: - 

Fracture properties of steel fiber reinforced concrete: Size effect study via mesoscale modelling approach,[1] Jinhua 

Zhang,Xinguo Liu, Zhangyu Wu, Hongfa Yu, Qin Fang, Engineering Fracture Mechanics Volume 260, 1 February 2022 

 

In this research, a method for investigating the fracture characteristics of SFRC is developed utilising a series of three-point bending 

simulations of SFRC beams with notches. The following are some key findings that might be made: The bond-slip connection 

between steel fibres and concrete matrix was simulated in the current simulations using a novel coupling approach (Constrained 

Beam In Solid (CBIS)) in LS-DYNA. the numerical outcomes, including the fracture pattern/process and load-COMD curve. Five 

notched SFRC beam models with varied depths—30 mm, 60 mm, 90 mm, 120 mm, and 150 mm—are constructed to execute the 

three-point bending simulations for SFRC using the above-calibrated mesoscale modelling technique and the material model 

parameters. The development of the fracture process zone (FPZ), the nominal flexural strength, and the load against crack mouth 

opening displacement (CMOD) curves are all used to quantitatively analyse the mesoscopic reactions of SFRC beams. 

 

Crack Propagation Analysis of Synthetic vs. Steel vs. Hybrid Fibre‑Reinforced Concrete Beams Using Digital Image 

Correlation Technique[2] 

Aniket B. Bhosale and S. Suriya Prakash, International Journal of Concrete Structures and Materials, 2020 

 

The fracture behaviour of FRC beams reinforced with various mixes of synthetic and steel fibres was studied under bending. Using 

DIC analysis, the impact of fibre dose and the different types of fracture behaviour were assessed. To assess the fracture 

performances of various FRC, variations in post-cracking behaviour and crack-width openings with regard to crack tip opening 

were investigated. The study's limited findings allow for the following inferences to be made: 

In contrast to the individual fibres, which performed well within narrow ranges of CMODs, the combination of two distinct fibres 

with varied physical and mechanical properties in HFRC demonstrated synergy by demonstrating good performance throughout a 

wide range of CMODs. 

For all kinds of fibres, the difference between the lowest (Fmin) and maximum post-cracking load resistance (Fmax) grew as the 

fibre dose did. However, as the dosage of fibre increased, the difference between the peak load (FL) and the maximum post-cracking 
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load (Fmax) resistance reduced. The inclusion of PO, HB, and SF fibres, respectively, increases the toughness of FRC specimens 

by 3 to 8, 6 to 10, and 8 to 14 times compared to the control specimens. The comparison of SynFRC's first crack opening flexural 

strengths shows that it has the lowest flexural strengths of all the fibre types employed in this study, which is to its detriment. When 

the volume proportion of fibre for a certain CMOD is increased, the fracture length for the same fibre type decreases dramatically. 

For a certain CMOD, the SFRC's fracture length was less than that of the hybrid and synthetic materials. Significant improvements 

in the post-cracking load resistance response may be seen in SFRC specimens as a result of superior crack arresting. Fibre volume 

doses are essential to improving the rate of load recovery following cracking. All types of fibres taken into consideration in this 

study have maximum post-peak load resistance that increases noticeably as volume fraction increases. The inclusion of fibre 

considerably lengthened the fracture process zone. However, considering the size of the specimen taken into consideration in this 

investigation, the impact of fibre dose and fibre types on FPZ appears to be insignificant. To further understand the significance of 

fibres in fracture behaviour, more study should concentrate on the size effect and notch features. 

 

Fracture Mechanism of Fibre Reinforced Concrete Pavement Based on a RILEM Design Approach ,[3] Salam Wtaife, 

Ahmed Alsabbagh, Alaa M. Shaban, Nakin Suksawang Materials Science and Engineering,671 ,(2020) 

 

Despite having relatively low ultimate moment capacities, the ultimate moment capacities rise as the volume fraction of the fibre 

increases. The internal ultimate moment capabilities of the 0.12% PVA-FRC volume fraction were equal to 0.4% S-FRC in value. 

S-FRC had a greater value than PVA-FRC, which had a volume fraction of 0.6% compared to 0.2% for PVA-FRC. PVA-FRC 

outperformed S-FRC in terms of capacity to accommodate external bending moments, which results in less concrete being needed 

in terms of thickness. 

 

Studying the fracture parameters and size effect of steel fiber-reinforced self-compacting concrete[4] 

Mohammad Ghasemi, Mohammad Reza Ghasemi, Seyed Roohollah Mousavi, Civil Engineering Department, University of Sistan 

and Baluchestan, Zahedan, Iran. Construction and Building Materials 201 (2019) 447–460 

 

By building different size notched beams in accordance with the RILEM guideline, the effects of w/c, the maximum aggregate size, 

and percent by volume of fibres on the fracture characteristics of the SFR-SCC have been examined in this work. The results make 

it abundantly evident that altering any one parameter will result in a corresponding alteration of the energy absorption and fracture 

characteristics. 

Only the first portion of the load displacement curve up to the peak load is used in SEM; post-peak is not used. Concrete's primary 

fibre performance enhances energy absorption after the peak. Results indicate that as the maximum aggregate size grows in the 

SFRSCC, it disturbs the fracture matrix and muddles the findings. Even using this approach, it can be determined that a rise in 

the % fibre increases the fracture energy and the concrete becomes more ductile. The presence of fibres in the fracture matrix and 

their laying in the load direction can induce a reduction in the peak load. Given that fibres manifest their effects at the post-peak, it 

can be said that in SFR-SCC, WFM produces superior outcomes to SEM. 

– The findings indicate that 1) there is a size impact in SFR-SCC, but that for dmax = 12.5 mm, increasing the % fibre can lessen 

it, and 2) w/c has little influence on the size effect. 

– The findings indicate that estimating the fibre distribution pattern at the fracture surface is a challenging issue since a variety of 

parameters, including concrete mixing, pouring, flow, and type, fibre type and material, and mould size, might influence this 

distribution. 

 

Investigation on Steel Fiber Composite Beam Using Fracture Mechanics Approach [5], Sk.Amreen, P.Poluraju Blue Eyes 

Intelligence Engineering & Sciences International Journal of Recent Technology and Engineering (IJRTE) ISSN: 2277-3878, 

Volume-7, Issue-6C2, April 2019 

 

The following conclusions has drawn from the experimental work in which the beams were evaluated under three points utilising a 

loading frame and referring to all the results: Steel fibres are a viable option for reinforcing since they have a higher compressive 

strength than PCC. Concrete's ductility has enhanced because to the steel fibre. Steel fibre reinforced concrete (SFRC) notched 

beams' fracture energy is reduced, but compared to PCC, it takes longer time to start cracking. SFRC beams have somewhat worse 

cracking behaviour (initial crack deflection) than PCC beams. When compared to SFRC beams without notches, the notched SFRC 

beams' fracture toughness has decreased. Notched SFRC beams have a greater fracture strength than unnotched SFRC beams. 

 

 Fracture Study on Steel Fibre Reinforced Concrete[6], Arjun T S, Divya K K, Department of Civil Engineering, SNGCE, 

India, IOSR Journal of Mechanical and Civil Engineering, 2016 

 

The maximum aggregate size for the M25 grade concrete mix was 20 mm. Researchers looked at how concrete's fresh qualities are 

impacted by fibre content. The study's major goal was to investigate how steel fibres affected the way concrete beams fractured. 

The following conclusions were drawn from the results. In order to keep the fresh qualities of concrete within manageable bounds, 

it is necessary to add 0.3% to 0.5% superplasticizer to the concrete mix when steel fibre is added.  In comparison to plain concrete 

beams, a 0.75 percent fibre content resulted in an increase of 37.8% in the ultimate load, 74.8% in fracture energy, and 37.5% in 

fracture toughness.  The ultimate load and the fracture characteristics of SFRC beams were much higher than those of ordinary 

concrete beams. The load bearing ability of SFRC specimens was enhanced by the fibre bridging action and crack arresting property.  

The unexpected fall in ductility of beams with reduction in stiffness and load bearing capacity may be the cause of the reduction in 

fracture characteristics in the specimens CF4. By incorporating steel fibres, the brittle failure mode was transformed to a ductile 

flexural mechanism. 

 

Modelling of the fracture toughness anisotropy in fiber reinforced concrete[7]S. Tarasovs, J. Krūmiņš, V. Tamužs Institute of 

Polymer Mechanics, University of Latvia, Aizkraukles St. 23, Riga, LV-1006 in S. Tarasovs et alii, Frattura ed Integrità Strutturale, 

35 (2016) 271-277  
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A two-scale finite element model is suggested in this study to simulate the failure of fiber-reinforced concrete. Cohesive components 

are used in the model to represent how the concrete matrix cracks, while non-linear springs are used to replicate how steel fibres 

bridge the crack's opposing sides. This non-linear spring components’ stiffness directly accounts for the orientation of individual 

fibres and the direction in which cracks form, enabling the modelling of the anisotropy of the fracture toughness of fiber-reinforced 

concrete. The outcomes of the simulations demonstrate that the geographical distribution of fibre orientations may have a significant 

impact on the direction of fracture propagation. 

 

Investigation on Mode – I Fracture Parameters Using Steel Fibers in High Strength Concrete [8],  

 K. J. Brahma Chari, Department of Civil Engineering, DJR Engineering College, JNTU Kakinada, Vijayawada, Krishna District, 

A.P, India,2014 

  

The tests conducted on 27 specimens of notched concrete beams led to the following findings: It has been shown that when beam 

size increases, failure stresses (normal stresses and shear stresses) decrease. For all grades of concrete, it is also noted that the stress 

intensity factor rises as the size of the beams grows.  For all beam types, it is also noted that fracture energy rises as beam size 

increases. It is also noteworthy that the crack trajectory tended to lean more in the direction of the load point the larger the beam 

was. Fibers provide some extra issues in the hardened condition. One of them is that if cracking happens, steel fibres corrode. 

Corrosion lessens the benefits of fibres. It is nevertheless crucial to know how long steel fibres will endure in a given environment. 

The creation of fibres that offer corrosion resistance due to their chemical make-up successfully addresses the issue. One of the 

directions for future uses of SFHSC is to look for alternatives. 

 

Fracture energy of hybrid polypropylene–steel fiber high strength concrete[9], H. S. J. Al Hazmi, W. H. Al Hazmi, M. A. 

Shubaili1 & H. E. M. Sallam , Jazan University, Saudi Arabiain WIT Transactions on The Built Environment 2012 

 

The inferences made based on the experimental findings of this study: Compared to PC and all FRCs with a single kind of fibre, 

high strength concrete with steel and polypropylene hybrid fiber (SPPFRC) demonstrated improved compressive strength, tensile 

strength, and flexural toughness. Up to the ultimate load, HSC and all FRCs exhibit linear P-curve behavior with no discernible 

fractures. The descending portion of the P-curve has two different patterns. In the instance of PC, the specimen failed abruptly along 

with a nearly vertical descending portion, resulting in unstable crack formation. With a significant reduction in the applied stress, 

the crack jump in the case of FRCs went from zero length to around 60% of specimen depth at the same deflection, ranging from 

50% to 70%. The load then steadily reduces as the deflection increases. For PC and all FRCs, the variance in fracture toughness 

based on LEFM (KIC) is rather small as a/w increases. As a result, the computed and trusted KIC mean value is used. According 

to LEFM, the maximum aggregate size is close to the projected values for the maximum size of an undamaged flaw. As a result, 

the KIC values that were determined using LEFM were appropriate. However, the KIC values that were determined using Hilleborg 

were illogical. 

 

Fracture properties of high-strength steel fiber concrete[10], W.-J. Kim, M.-S. Kwak & J.-C. Lee, Kyungpook National 

University,Korea, Proceedings of FraMCoS-7, May 23-28, 2010 

 

The three-point bending test on a notched beam was conducted with changing fibre contents (0%, 0.5%, 0.75% and 1%) and 

different notch lengths (0, 15, 30 and 45) as variables in order to determine the fracture energy characteristic of the concrete 

according to the mixed fibre content. The test findings demonstrated that fibre content raises the energy fracture of concrete. 

The findings of this study are listed below, along with recommendations for further research. 

It was discovered that adding fibre to concrete enhanced the fracture energy of concrete. The pullout-resistant mechanism of the 

steel fibre in the concrete, which regulates the crack propagation caused by the tensile stress and resists the tensile stress across the 

fracture, appears to provide the SFRC a high tensile strength and ductility. 

Because of the larger fibre content and shorter notch length, the concrete fracture energy increased. This appears to have been 

caused by an increase in the amount of steel fibres in the material, which led to an increase in the number of steel fibres per unit 

area and controlled the crack propagation. As a result, the fracture energy, ductility, maximum tensile strain, and tensile strength 

all increased. Additionally, it appears that due to the acceleration of crack propagation, the longer the notch length, the lower the 

fracture energy. 

Fracture mechanics for SFRC Pavement[11],  

Alberto MEDA, Asst Professor Dept. of Eng. Technologies and Design University of Bergamo, Italy,  

Giovanni A. PLIZZARI Professor Dept. of Eng. Tech. and Design University of Bergamo, Italy 

Luca SORELLI Ph.D. Dept. of Civil Engineering University of Brescia, Italy 

Bruno ROSSI MS Engineer Officine Maccaferri s.p.a. Bologna, Italy, Symposium 2004 – April 26-28 – Avignon, France 

 

The study details a thorough experimental programme on graded full-scale slabs reinforced with a modest volume percentage of 

steel fibres. The findings demonstrate that a greater volume percentage of fibres offers a more stable behavior of the slab after 

cracking and that smaller fibres provide a minor increase in the ultimate load. Steel fibres provide the extraordinary slab strength 

and prevent the brittle collapse of unreinforced slabs. The latter was less than the one that could be achieved from a slab with 

traditional reinforcement (8@200x200 mm steel mesh), which was appropriately positioned very near the slab's bottom surface. As 

tensile stresses are also present at the top surface, where the welded mesh (or rebars) may rarely stay during concrete laying, this 

may not actually happen in practice. 

By utilizing this technique, the load increase during the crack growth may be taken into consideration, until a collapse mechanism 

takes place. Structural evaluations of the slabs based on Non Linear Fracture Mechanics enable to better model the real slab 

behavior. The comparison of the numerical and experimental data has confirmed the NLFM technique. 
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 Fracture Energy of Steel Fiber-Reinforced Concrete[12], J.A.O. Barros(1), J. Sena Cruz(2), Dep. of Civil Eng. – School of Eng. 

– University of Minho in  Mechanics of Composite Materials and Structures · January 2001 

 

The energy absorption capability of concrete reinforced with 30, 60, and 90 Kg/m3 of hooked-end steel fibres is evaluated in this 

study using three point bending notched beam tests under spacing control. 

According to the results, the maximum force was only noticeably increased in specimens reinforced with 90 Kg/m3 of fibres. 

Previous findings are confirmed by the fact that the energy absorption capability increases practically linearly with the fibre content. 

A dispersion in the results was seen, indicating challenges in ensuring a homogenous distribution of fibres in concrete. The first-

crack deflection, which is difficult to accurately estimate, as well as the peak load deflection, both showed significant dispersion. 

Since the majority of toughness indices are based on multiples of the first-crack deflection, there is typically a lot of dispersion on 

the toughness indices, which limits their usefulness in actual design practise. 
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