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Abstract 

In a Hybrid Fiber Reinforced Concrete (HFRC), two or more different types of fibers are rationally combined to produce a 

cementitious composite that derives benefits from each of the individual fibers and exhibits a synergistic response. The main aim 

of the present experimental investigation was to use different volume fractions of Recron 3S fibers (polyester fibers) and Glass 

fibers to produce HFRC and thus to evaluate its performance under compression, tension. Based on I.S. Code method of mix 

design, proportion of different ingredients was obtained to get M25 grade concrete. Samples were prepared by adding the volume 

fraction of fiber 2%.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Research and development work in Fiber Reinforced Concrete (FRC) composites began in India in the early 1970s. Fiber reinforced 

concrete was developed to overcome the problems associated with cement based materials such as low tensile strength, poor 

fracture toughness and brittleness of cementitious composites. In the beginning, FRC was primarily used for pavements and 

industrial floors [1]. But currently, the FRC composite is being used for a wide variety of applications including bridges, tunnel 

and canal linings, hydraulic structures, pipes, explosion-resistant structures, safety vaults, cladding and roller compacted concrete 

[2]. The use of FRC in structural members such as beams, columns, connections, slabs and pre-stressed concrete structures is being 

investigated by a number of researchers at present in India and abroad. Basically fibers can be divided into following two groups: 

(i) Fibers whose moduli is lower than the cement matrix such as cellulose, nylon, polypropylene and (ii) Fibers with higher moduli 

than the cement such as asbestos, glass, steel etc. Fibers having lower modulus of elasticity are expected to enhance strain 

performance whereas fibers having higher modulus of elasticity are expected to enhance the strength performance. A Hybrid Fiber 

Reinforced Concrete (HFRC) is formed from a combination of different types of fibers, which differ in material properties, remain 

bonded together when added in concrete and retain their identities and properties. The hybridization of fibers provides improved 

specific or synergistic characteristics not obtainable by any of the original fiber acting alone. In fiber reinforced concrete (FRC), 

fibers can be effective in arresting cracks at both macro and micro level. It is known that failure in concrete is gradual, where the 

pre-existing cracks grow and eventually join together to form macro crack. A macro crack propagates at a suitable rate until it 

attains condition of unsuitable propagation and a rapid fracture is precipitated. A combination of glass and synthetic fibers have 

been used by researchers, where glass fibers are observed as effective for arresting macro-crack while synthetic fibers are found 

as good for arresting micro-crack. 

Failure pattern of plain concrete in tension is very brittle. Addition of fibers in the concrete leads to the enhancement of tensile 

strength. Fibers in concrete arrest the cracks in concrete and shares some load in tension. Thus addition of fibers in concrete 

enhances not only the compressive strength, tensile strength but also fatigue and toughness. Quantity, type of fibers and 

combination play most important role in the enhancement of the properties of the concrete. There are some other factors like aspect 

ratio of fiber, shape of the fibers and workability of FRC are equally important to get improved behavior of the concrete. A brief 

literature review has been carried out to get the appropriate quantity and types of fiber to be used for research. 

II. RESEARCH SIGNIFICANCE 

Though it is established that fibers are used in the concrete, researches are done with metallic fibers or a combination of metallic 

and non-metallic fibers. In the present investigation, a combination of a two non-metallic fibers (Glass fiber and recron fiber) are 

used in the production of hybrid fiber reinforced concrete.  

Fibers were mixed in volume fraction of 2%. Important mechanical properties such as compressive, tensile strengths of HFRC 

was determined from the experimentation. For comparison purposes, a reference concrete of M25grade was also prepared and 

tested for strength. Also to the best combination cement is replaced partially with micronized bio-mass silica and studied. 
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III. EXPERIMENTAL PROGRAMME 

 Materials Used 

 Cement 

Ordinary Portland cement of 43 grade with specific gravity 3.15 was used.  

 Fine aggregate 

Locally available river sand passing through 4.75 mm IS. Sieve with a fineness modulus of 3.73 and water absorption 0.6%was 

used.  The specific gravity of the sand was found to be 2.7. 

 Coarse aggregate 

Crushed granite aggregate available from local sources with 100% passing through 12.5mm and retained on 10mm sieve and water 

absorption 0.4% was used. The fineness modulus and the specific gravity of coarse aggregate was found be of 3.48 and 2.6 

respectively. The maximum size of the coarse aggregate was 10mm. 

 Water 

Potable fresh water available from local sources free from deleterious materials was used for mixing and curing of all the mixes 

tried in this investigation. 

 Super plasticizer 

The super plasticizer used in this experiment was conplast. 

 Fibers 

Two types of fibers were used in this investigation to produce hybrid fiber reinforced concrete. They are: 

 Glass fiber 

 Recron fiber 

a) Glass Fiber: 

Glass fibers are made of silicon oxide with addition of small amounts of other oxides. Glass fibers are useful because of their high 

ratio of surface area to weight. However, the increased surface area makes them much more susceptible to chemical attack.  

 
Fig. 1: Glass Fiber 

b) Recron Fiber: 

The modulus of elasticity of recron 3s is high with respect to the modulus of elasticity of the concrete or mortar binder. The recron 

3s fibers helps to increase flexural strength. Recron 3s fibers are environmental friendly and nonhazardous. They easily disperse 

and separate in the mix. 

 
Fig. 2: Recron fiber 

 Micronised bio mass silica: 

Micronized Biomass Silica (MBS) is the rice husk which comprises of high content of silica. MBS was generated from controlled 

burning of the husk into off-white biomass silica ash and crushing the ash into micronized size. 
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Fig. 3: Micronised Biomass Silica (MBS) 

 Types of Concrete Mixes 

 Types of mixes 

The main objective of this investigation is to study the various properties of hybrid fiber reinforced concrete with partial 

replacement of cement by micronized bio-mass silica. Accordingly four types of fiber concrete mixes were prepared. For 

comparison purposes, a Plain Cement Concrete (PCC) mix of M25 grade was also tried.  

 Type 1: FRC with 100% glass fiber 

 Type 2: FRC with 100% recron fiber 

 Type 3: HFRC with both glass and recron fibers 

 80% glass fiber and 20% recron fiber 

 70% glass fiber and 30% recron fiber 

 60% glass fiber and 40% recron fiber 

 Type 4: HFRC with partial replacement of cement with MBS 

 6% MBS 

 12%MBS 

 18%MBS 

 Preparation of test specimens 

 Normal Concrete: 

The specimens considered in this study consisted of 150mm size cubes, 150 mm diameter and 300 mm long cylinders. At first, 

control specimens of 6 cubes (3 cubes for 7days strength, 3 cubes for 28days strength) and 3 cylinders for 28days strength were 

casted with a mix proportion of 1 : 2.6 : 2.82 (cement : fine aggregate: coarse aggregate ) and the water cement ratio was kept as 

0.458. 

 Procedure for Addition of Fibers  

The fibers were added in 2% of the total volume of concrete. Both glass and recron fibers were added and for each fiber, 6 cubes 

and 3 cylinders were casted. The combination of glass fibre and recron fibre were added as follows. 
Table – 1 

Combination of glass and recron fiber 

Glass Fiber Recron Fiber 

1.6 0.4 

1.4 0.6 

1.2 0.8 

 Mixing, Casting & Curing Details: 

The uniformity of concrete and proper distribution of fibres mainly depends on the mixing procedure. While mixing the fiber 

reinforced concrete super plasticizer (conplast) of 5% of the volume of water was added. After mixing it thoroughly, the wet mix 

was put into the moulds of cubes and cylinder and compacted thoroughly either by hand or using vibrator. After the specimens 

were casted, the mould removed after a day and cured for either 7 days or 28 days according to their requirement in the curing 

tank. 

IV. DISCUSSION ON TEST RESULTS 

The results of various strength test conducted on different concrete mixes are presented in the tables and charts given below. 
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Table – 2 

Compressive Strength of Cubes in 7 Days 
MIX DESIGNATION LOAD IN KN COMP. STR.  IN N/mm2 

N N7 473.85 17.06 

GF GF7 441 19.06 

RF RF7 458.55 18.38 

C1 C17 311.85 13.86 

C2 C27 595.35 19.46 

C3 C37 512.775 17.79 

 

 
Fig. 4: Chart showing compressive strength of cubes in 7 days 

 
Fig. 5: Figure showing cube test 

Table – 3 

Compressive Strength of Cubes in 28 Days 

MIX DESIGNATION LOAD IN KN COMP. STR.  IN N/mm2 

N N28 575.1 25.56 

GF GF28 720 32 

RF RF28 645.75 28.7 

C1 C128 787.5 35 

C2 C228 1047.6 46.56 

C3 C328 886.5 39.4 
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Fig. 6: Chart showing compressive strength of cubes in 28 days 

Table – 4 

Split Tensile Strength of Cylinder in 28 Days 

MIX DESIGNATION 
SPLIT TEN. STR. 

N/ mm2 

N Ncy 3.08 

GF GFcy 3.19 

RF RFcy 2.89 

C1 C1cy 3.256 

C2 C2cy 3.355 

C3 C3cy 3.13 

 

 
Fig. 7: Figure showing split tensile test 

 
Fig. 8: Chart showing split tensile str. of cylinders in 28 days 
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 Addition of MBS: 

From the above results, it was found that the combination 2 i.e., 70% glass fiber and 30% recron fiber gives the best result compared 

to the other two combination. Hence micronized bio-mass silica is replaced with cement in 6%, 12%, and 18% to the combination 

2. The specimens are tested for compression and tension and the results are given below: 

Table – 5 

Comp. Strength of Cube with MBS 

MIX DESIGNATION LOAD IN KN COMP. STR. IN N/mm2 

MBS6 853.75 37.94 

MBS12 1065 47.33 

MBS18 577.45 25.66 

 

 
Fig. 9: Chart showing comp. str. of cubes with MBS. 

Table – 6 

Split Ten. Str. for Cylinders with MBS 

MIX DESIGNATION SPLIT TENSILE STRESS IN N/mm2 

MBS6 3 

MBS12 3.4 

MBS18 2.7 

 

 
Fig. 10: Chart showing tensile strength of cylinders with addition of MBS 

V. CONCLUSION 

 From the compressive test conducted it was inferred that the compressive strength of cubes for 7 days is maximum for 

combination 2, i.e 1.4% Glass Fiber and 0.6% Recron Fiber. When tested for 28 days strength the same combination gives a 

value of 46.56 N/mm2 which is nearly 80% increase when compared to normal concrete. 

 Hence from the compressive strength result it was concluded that the addition of a combination of glass fiber (1.4%) and 

recron fiber (0.6%) increases the compressive strength. 
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 The value of split tensile strength for cylinders was also found to be more for the C2 combination but decreases in C3 

combination. Hence it was concluded that the glass fiber up to 1.4% and recron fiber up to 0.6% gives the maximum 

compressive and tensile strength. 

 When MBS is replaced with cement partially to the best combination i.e. C2 in 6%, 12% and 18% the compressive strength 

was found to be a maximum value of 47.33 N/mm2 for MBS12. 

 From the split tensile test conducted it was found that the addition of MBS increases the split tensile value when cement is 

partially replaced by MBS up to 12%. Beyond 12% replacement of cement with MBS the values of both compressive and 

tensile strength decreases. 
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