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Abstract: The main objective of the current effort is to create hybrid fibre reinforced concrete with improved strength properties, 

structural behaviour, and structural performance by adding the right dosage amount of hybrid fibre. In this work, it is suggested 

to employ hybrid fibres of two different types, one of which is Steel fibre, a metallic fibre, and the other is Polyvinyl Alcohol fibre, 

which has a synthetic foundation. In this way, the concrete gains high tensile strength, flexural strength, and compressive 

strength due to the inclusion of steel fibre with a high Young's modulus and tensile strength. The steel fibre functions as a crack 

arrestor, stopping the growth of cracks at the macro level. The microscopic cracks are stopped from spreading by the use of 

synthetic Polyvinyl Alcohol (PVA) fibre, which is more flexible and ductile, increasing the strength and hardness of the concrete. 

The objective of the current study is to assess the structural behaviour and strength features of hybrid fibre reinforced concrete. 

For different mix proportions, such as 0% Steel fibre and 1% PVA fibre, 0.25% Steel fibre and 0.75% PVA fibre, 0.50% Steel 

fibre and 0.50% PVA fibre, 0.75% Steel fibre and 0.25% PVA fibre, and 1% Steel fibre and 0% PVA fibre by the volume of 

concrete, the specimens were cast with the addition of hybrid fibres at a total volume fraction of 1%.  

Keywords: Polyvinyl Alcohol fibre, flexural strength, compressive strength, synthetic, Steel fibre, flexible. 

 

I. INTRODUCTION 

Constructions involving civil engineering frequently employ the material concrete. It is well knowledge that concrete exhibits strong 

resistance to compressive stress but weakens when subjected to tensile tension. Even under low loads, when a concrete element is 

loaded, cracks frequently appear as a sign of the concrete's weak tensile strength. Additionally, during dynamic loads, the fractures 

enlarge and cause failure, which in turn affects the ductility of the concrete structural part. By adding particular reinforcement, such 

as the insertion of a single type of fibre in the concrete matrix, this inherent weakness of concrete can be remedied. Fiber Reinforced 

Concrete is the name given to this type of concrete (FRC).  

Single-type fibre secondary reinforcement will add less value to the concrete overall.Hybrid fibres are used to achieve a balanced 

enhancement in the performance of concrete in order to overcome this restriction.  

A hybrid fibre is made up of two or more different types of fibre that have been logically mixed to produce a synergistic reaction 

and offer significant advantages. The entire amount of potential energy derived from the various types of fibre makes up hybrid 

fibre synergy. Hybrid Fiber Reinforced Concrete is a term used to describe concrete made by blending two or more different types 

of fibre as secondary reinforcement (HFRC). 

The addition of hybrid fibres to the concrete mix is a type of development for fiber-reinforced concrete. Fibers of two or more 

distinct kinds are thoroughly mixed into the concrete mixture. Combining two or more types of fibres allows us to take advantage of 

each type's advantages while strengthening the concrete's resistance to tensile stress.  

A better composite concrete is created than one prepared with a single type of fibre when two types of fibre are combined in the 

right quantities and added to the concrete mix.  

A hybrid fibre technology improves the concrete's resistance and inhibits the growth of cracks. By including hybrid fibre made of 

metallic and non-metallic fibre in the concrete mix, one step further, a better hybrid fibre reinforced concrete is produced.Metallic 

fibre is important because it offers concrete strength, but it also changes the concrete's ductility, which causes a phenomena known 

as post-cracking in concrete.  

Contrarily, non-metallic fibre has a favourable impact on concrete by preventing the formation of tiny cracks during the concrete's 

plastic phase and minimising plastic shrinkage. Metallic fibres have a higher degree of stiffness and improve the structural qualities 

of concrete, such as its high energy absorption capacity and tensile, impact, and flexural toughness. To achieve superior mechanical 

characteristics and considerable structural performance of the concrete, it is important to have a suitable combination of low 

modulus fibre and high modulus fibre contained in the concrete mix. 
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II. LITERATURE REVIEW 

Peijiang and Chung Wu (2007) employed the short polyvinyl alcohol fibers to improve the mechanical properties of brittle fly ash 

samples. The mechanical properties of the polyvinyl alcohol fiber reinforced fly ash composites are evaluated by splitting tensile 

test. Addition of fibers is known to restrict the growth of shrinkage cracks. Fiber has added up to 0.5% by the volume of concrete. 

Individual steel fibers as well as hybrid combinations of steel and non-metallic (polyester, polypropylene and glass) fibers were 

evaluated for their influence on plastic shrinkage cracking. Results showed that hybrid fiber has most effective in reducing 

shrinkage cracks. Among the hybrid fiber combinations, the steel and polyester amalgamation has established to decrease plastic 

contraction cracks by more than 99% associated with the plain concrete. Since the fibers will decompose at high temperature the 

composite processed at that temperature shows the high strength but brittle behavior again. 

Joshua and Ostertag (2009) analyzed the deflection hardening behaviour and workability of hybrid fiber concrete composites 

prepared with polyvinyl alcohol fiber and two different lengths of hooked end steel fiber. The combined effect of the constituents of 

hybrid fiber enhanced the material flowability and cohesiveness of the fiber reinforced concrete. 

Sivaraja et al. (2010) emphasized the usefulness of the emerging genre of natural fibers as reinforcing material and pointed out that 

application of natural fibers has more traditional than technical. Furthermore, it has ascertained that natural fiber reinforced concrete 

possessed certain distinct properties like improved tensile and bending strength, greater ductility, and strong resistance to cracking. 

Machine et al. (2011) investigated the abrasion resistance shown by hybrid fiber reinforced concrete prepared with steel fiber and 

polypropylene fiber using statistical experimental design. Hooked end and crimped steel fibers were used in this research. It has 

discerned from the ANOVA results the performance of polypropylene fiber has better than that of steel fiber. Hybrid fibers 

increased the abrasion resistance to a great extent. 

Chandrasekhar et al. (2011) studied the behaviour of self- compacting concrete prepared with adequate hybrid fiber reinforcement. 

The inclusion of hybrid fibers in the concrete mix improved the ductile properties and increased the resistance to tensile stress. The 

hybrid fiber consisted of steel fiber and glass fiber. Design of M30 grade concrete was adopted in the preparation of hybrid fiber-

reinforced self compacting concrete 

Wenzhong et al. (2012) used hybrid fiber produced from a combination of steel fiber and polypropylene fiber in concrete mix and 

examined the compressive strength and microstructure of reactive powder concrete. From the experimental test results, an equation 

was developed to show the relationship between compressive strength and heating temperatures. The hybrid fiber-reinforced 

reactive powder concrete exhibited strong resistance to high temperature as compared to normal strength concrete high strength 

concrete. 

Sharma (2013) investigated the effects of hybrid fibers made up of polypropylene fibers and steel fibers on the behaviour of fibrous 

concrete. The amount of polypropylene fibers was varied from 0.1% to 0.4% whereas the quantum of steel fibers was kept at 0.8%. 

The mechanical properties of the concrete were studied. The experimental test results revealed that the addition of polypropylene 

fibers produced a limited effect on the compressive strength but a remarkable increase in the tensile strength with increase in fiber 

volume. There was an increase of 47% in the split tensile strength whereas the increase in flexural strength was 50%. The results 

also indicated that the ultimate load depended mainly on the volume fraction of fiber. 

Alberti et al. (2014) developed four types of fiber-reinforced self compacting concrete with the incorporation of hybrid fibers made 

by a combination of steel-hooked fibers and polyolefin fibers. The research brought to light the synergic effect of the constituents of 

hybrid fiber. Also there was an improvement in the orientation and distribution of the fibers on the fracture planes. 

Pantea et al. (2014) investigated the flexural strength and impact resistance of hybrid fiber-reinforced concrete. Optimum 

proportions of steel fiber and polypropylene fiber were adopted. It was found that the toughness index, modulus of rupture, and 

impact resistance were higher in respect of hybrid fiber-reinforced concrete having the optimum proportion of 0.75% steel fiber and 

0.25% polypropylene fiber. Furthermore, the addition of metakaolin and pumice improved the strength to a greater extent. 

Ilker et al. (2015) presented a numerical method to estimate the curvature, deflection, and moment capacity of hybrid fiber (polymer 

fiber + steel fiber)-reinforced concrete beams. Experimental test results and theoretical results were compared. The proposed 

numerical technique produced accurate results in the prediction of the said parameters. From the numerical results, it was gathered 

that the ductility and stiffness were enhanced when steel reinforcement was additionally provided to the fiber- reinforced polymer 

(FRP) reinforced concrete beams. Kaushal et al. (2016) examined the behaviour of polyvinyl alcohol fiber reinforced concrete. A 

small fraction of polyvinyl alcohol fiber was used along with different fibers such as banana fiber, sisal fiber, etc. Polyvinyl alcohol 

in solution was added to the concrete mix at 0.5% volumetric fraction. In all kinds of concrete mixes taken up for research, cement 

was partially replaced by fly ash. The experimental test results showed that the incorporation of polyvinyl alcohol fiber in fiber 

reinforced concrete increased the compressive strength and flexural strength substantially. 
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III. FLOW CHART OF THE PRESENT WORK 

 

 

 

IV. CUBE COMPRESSIVE STRENGTH 

The compressive strength test results has been analyzed. The results from the analysis are discussed as follows. The compressive 

strength test results in respect of cube specimens of control concrete mix and hybrid fiber reinforced concrete mixes at different ages 

such as 7, 14, and 28 days are presented graphically in Table 1 and Graph  1 

 

Table no.1 Cube Compressive Strength of Control Concrete and Hybrid Fiber Reinforced Concrete at the Age of 7, 14, and 28 Days 

Sr. 

No. 

Mix 

Identification 

Volume of 

Fiber (%) 

 Compressive Strength with Compared 

to Control Concrete in N/mm2 

Steel 

Fiber 

PVA 

Fiber 

7 days 14 days 28 days 

    

1 HFRC0 0 0 
24.8625 34.425 38.25 

2 HFRC1 0 1 
25.25284125 37.42686 

39.6117 

3 HFRC2 0.25 0.75 
27.32140125 40.9829625 

42.032925 

4 HFRC3 0.5 0.5 
30.89165625 41.867685 

42.61815 

5 HFRC4 0.75 0.25 
37.6269075 45.7267275 

46.3131 

6 HFRC5 1 0 
34.58871 42.98994 

43.922475 
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Graph 1 Development of Cube Compressive Strength of Control Concrete and Hybrid Fiber Reinforced Concrete at the Age of 7, 14, 

and 28 Days 

 

Table no.1 % increase in  Cube Compressive Strength of Control Concrete and Hybrid Fiber Reinforced Concrete at the Age of 7, 

14, and 28 Days 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. CONCLUSION 

Based on the above study following conclusions can be made 

1) HFRC mixes show improvement in the flexural strength. The flexural strength of HFRC 4 mix (0.75% steel fiber and 0.25% 

PVA fiber) at the age of 28 days is 1.31 times higher than that of the control concrete mix (HFRC 0). 

2) From the experimental test results of compressive strength, split tensile strength, and flexural strength of HFRC mixes, it is 

deduced that the optimum dosage of hybrid fiber to concrete mix is demonstrated by HFRC 4 mix prepared with 1% hybrid 

fiber made up of 0.75% steel fiber and 0.25% PVA fiber by volume of concrete. 

3) The relationship between compressive strength and split tensile strength of Hybrid Fiber Reinforced Concrete was found as fcr 

= 0.414√fccs. For normal concrete the relationship between compressive strength and split tensile strength is 0.35√fck. 
4) The relationship between compressive strength and flexural strength of Hybrid Fiber Reinforced Concrete was found as ffch = 

0.88√fccs. For normal concrete the relationship between compressive strength and flexural strength is 0.7√fck. 
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Sr. 

No. 

Mix 

Identification 

Volume of 

Fiber (%) 

 Compressive 

Strength with 

Compared to Control 

Concrete in N/mm^2 

Increase in Compressive 

Strength with Compared to 

Control Concrete (% ) 

Steel 

Fiber 

PVAFiber 7 

days 

14 

days 

28 

days 

7DAYS 14 

DAYS  

28 

DAYS 

    

1 HFRC0 0 0 24.86 34.43 38.25 0 0 0 

2 HFRC1 0 1 25.25 37.43 39.61 1.57 8.72 3.56 

3 HFRC2 0.25 0.75 27.32 40.98 42.03 9.89 19.05 9.89 

4 HFRC3 0.5 0.5 30.89 41.87 42.62 24.25 21.62 11.42 

5 HFRC4 0.75 0.25 37.63 45.73 46.31 51.34 32.83 21.08 

6 HFRC5 1 0 34.59 42.99 43.92 39.12 24.88 14.83 
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