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ABSTRACT 
This paper investigates the effect of hybrid fibre reinforced concrete containing different proportions of polyolefin-basalt fibres 
with 1% total fibre volume fraction. The study parameters included compressive strength, split tensile strength, modulus of 
rupture, ultimate load, service load, ultimate and service load deflection, energy ductility and deflection ductility. A total of 54 
concrete specimens were cast and tested in this study. The results of hybrid fibre reinforced concrete specimens were compared 
with that of plain concrete. The test results show that the hybrid fibre composites exhibit better performance. 
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INTRODUCTION 

 

Fibres reinforced in concrete can reduce the brittleness of concrete and improve the tensile strength and 

toughness of concrete; therefore fibres are used widely in the construction fields [1-2]. The basic purpose of 

using fibres is to control cracks at different size levels, in different zones of concrete (cement paste or interface 

zone between paste and aggregate), at different curing ages and at different loading stages [3-4]. Most of the 

Fibre Reinforced Concrete (FRC) used today involves the use of a single type of fibre. For an optimal response, 

different types of fibres may be suitably combined to produce Hybrid Fibre Reinforced Concrete (HFRC). The 

combination of hybrid is based on fibre function, in which one type of fibre is intended to improve the fresh and 

early age properties, while, the second fibre leads to improved mechanical properties [5-6].  

This research work focuses on hybrid fibre reinforced system with combined fibres. In this system, basalt 

fibre, which is much stronger and stiffer than the other, is intended to improve the first-crack strength and 

ultimate strength, while, the polyolefin fibre, which is more flexible and ductile, is expected to improve 

toughness and strain capacity in the post-cracking zone [7-9]. Literature available on concrete with hybrid fibres 

is found to be rather limited, when compared to conventional fibre reinforced investigations. Hence, an attempt 

has been made to study the effect of hybrid fibres on the performance of fibre reinforced concrete. The present 

research investigation is intended to address two major concerns. The first is to find the strength of hybrid fibre 

composites and the second is to evaluate the ductility of hybrid fibre reinforced concrete specimens. 
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MATERIALS AND METHODOLOGY 

 

A. Concrete Mix Design:  

The mix proportion of 1: 2.0: 2.81 with water-cement ratio of 0.50 was designed as per Indian Standard 

[10]. The concrete mix details used in this study are presented in Table I. 

 
Table I: Concrete Mix Details 

Material Quantity per m3 

Cement (kg) 380 

Sand (kg) 760 

Coarse aggregate (kg) 1068 

Water (l) 190 

 

B. Properties of fibres: 

Polyolefin fibres are derived from organic polymers. It is produced in mono-filament form from a homo 

polymeric resin and a hydrophobic special surface treatment is given to improve to mechanical bond between 

the polyolefin fibres and the concrete matrix. These fibres are available in various lengths and diameters and 

they are added to improve the structural properties of concrete. Basalt fibre is a novel kind of inorganic fibre 

which is manufactured from the extrusion of melted basalt rock and is commercially available. The properties of 

fibres are shown in Table II. 

 
Table II: Properties of Fibres 

SI. No. Fibre Properties 
Fibre type 

Polyolefin Basalt 

1 Length (mm) 48 18 

2 Size (mm) 0.73 1.0 

3 Density (kg/m3) 920 2750 

4 Specific Gravity 0.90-0.92 2.65-2.80 

5 Young’s Modulus (GPa) 6.0 79.3-93.1 

6 Tensile strength (MPa) 550 3000-4840 

 

C. Specimen details: 

A total of 54 concrete specimens were cast and demoulded after 24 hours of casting and allowed to cure for 

28 days. The details of the specimens used in the experimental work are presented in Table III. 

 
Table III: Specimen Details 

SI. No. Reference code 
Fibre volume fraction,  
Vf, (%) 

Proportion of fibres (%) 

Polyolefin Basalt 

1 P0 B0 0 0 0 

2 P0 B100 1 0 100 

3 P20 B80 1 20 80 

4 P30 B70 1 30 70 

5 P40 B60 1 40 60 

6 P50 B50 1 50 50 

Note: P0 B0-Plain Concrete 
 

D. Workability details: 

The different dosage (0.5 – 1.0% by weight of cement) of super plasticizer was used to maintain a slump of 

50 – 100 mm for concrete specimens with fibres and the details are shown in Table IV. 

 
Table IV: Workability Details 

SI. No Reference code Super plasticizer, % by wt. of cement Slump (mm) 

1 P0 B0 0 70 

2 P0 B100 0.6 60 

3 P20 B80 0.7 65 

4 P30 B70 0.7 60 

5 P40 B60 0.8 60 

6 P50 B50 1.0 55 

 

E. Testing procedure: 

150 mm cubes were tested at 28 days in a standard compression testing machine of 2000 kN capacity to 

obtain the compressive strength of concrete. 100 mm x 200 mm cylinders and 100 mm x 100 mm x 500 mm 

prisms were tested at 28 days to obtain the split tensile strength and flexural strength of concrete as per Indian 

Standards [11-12]. All the prisms were tested under four point-bending in a loading frame. Deflection 
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measurements were made using dial gauge of 0.01 mm accuracy. The details of flexure test setup are shown in 

Fig. 1. 

 

 
Fig. 1: Flexure test setup 

 

RESULTS AND DISCUSSION 

 

A total of 54 concrete specimens were tested in this study. It was observed from the test results that the 

optimum proportion of fibres with 1% total volume fraction was found to be 30% polyolefin and 70% basalt 

fibres. 

 

F. Effect on compressive and split tensile strength: 

From Table V, it can be seen that no significant effect of fibre inclusion on the compressive strength of 

concrete. 

 
Table V: Compressive and Split Tensile Strength of Specimens 

SI. No Reference code Compressive strength (MPa) Split tensile strength (MPa) 

1 P0 B0 27.23 3.16 

2 P0 B100 27.78 3.47 

3 P20 B80 28.50 3.62 

4 P30 B70 29.61 3.92 

5 P40 B60 28.66 3.86 

6 P50 B50 27.26 3.64 

 

The splitting tensile strength was found up to 24.05% compared to that of plain concrete. The split tensile 

strength for concrete specimens with and without fibres, is shown in Fig. 2. 

 

 
 

Fig. 2: Split tensile strength for specimens with and without fibres 

 

G. Effect on Flexure: 

The flexural test results are presented in Table VI. A significant improvement in the behaviour of plain and 

fibre reinforced concrete is found in the flexure test. 

 
Table VI:  Test Results of Specimens in Flexure 

SI. No. 
Reference 

code 

Modulus of rupture 

(MPa) 

Ultimate load 

(kN) 

Service load 

(kN) 

Ultimate deflection 

(mm) 

Service deflection 

(mm) 

1 P0 B0 4.52 11.30 7.53 0.68 0.33 

2 P0 B100 4.84 12.10 8.07 1.03 0.47 
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3 P20 B80 5.08 12.70 8.47 1.18 0.49 

4 P30 B70 6.23 15.58 10.39 1.32 0.53 

5 P40 B60 5.95 14.88 9.92 1.28 0.50 

6 P50 B50 5.74 14.35 9.57 1.14 0.45 

 

It can be inferred from the test results that the flexural strength increases up to the proportion of 70% 

polyolefin and 30% basalt fibres, then the strength gets reduced gradually. 

The increase in modulus of rupture was found to be 37.83%, when compared to that of plain concrete. The 

modulus of rupture for specimens with and without fibres are shown in Fig. 3.  

 

 
Fig. 3: Modulus of Rupture for specimens with and without fibres 

 

From the test results furnished in Table VI, it can be observed that the hybrid fibre reinforced concrete 

specimens exhibit increase in load carrying capacity when compared to the plain concrete. The ultimate and 

service loads for specimens with and without fibres are shown in Figs. 4 & 5. 

 

 
Fig. 4: Ultimate load for specimens with and without fibres 

 

 
Fig. 5: Service load for specimens with and without fibres 

 

It is evident from Table VI that the increase in ultimate and service load deflection was found to be 94.12% 

and 60.61% respectively, when compared to that of plain concrete. The ultimate and service load deflection for 

beams with and without fibres are shown in Figs. 6 & 7. 
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Fig. 6: Ultimate load deflection for specimens with and without fibres 

 

 
Fig. 7: Service load deflection for specimens with and without fibres 

 

H. Effect on Ductility: 

The ductility indices of prisms are presented in Table VII. It was noticed that for specimens with fibres, the 

failure was not sudden. The randomly oriented fibres crossing the cracked section resisted the propagation of 

cracks and separation of the section. This caused an increase in the load carrying capacity beyond the first 

cracking. 

 
Table VII: Ductility Indices of Test Specimens 

SI. No. Reference 

code 

Energy ductility Deflection ductility 

1 P0 B0 1.00 1.00 

2 P0 B100 1.47 1.38 

3 P20 B80 1.66 1.48 

4 P30 B70 1.94 1.61 

5 P40 B60 1.74 1.52 

6 P50 B50 1.58 1.43 

 

Table VII indicates that the hybrid fibre reinforced concrete specimens exhibit enhanced ductility than that 

of plain concrete. The increase in energy and deflection ductility was found to be 94% and 61% respectively 

when compared to that of plain concrete. The enhancements in energy and deflection ductility for specimens 

with and without fibres are shown in Figs. 8 & 9. 

 
Fig. 8: Energy ductility for specimens with and without fibres 
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Fig. 9: Deflection ductility for specimens with and without fibres 

 

Conclusions: 

Based on the experimental results, following conclusions are drawn: 

 Hybrid fibres significantly improve the mechanical properties of concrete specimens. 

 HFRC exhibits increase in split tensile strength and flexural strength up to 24.05%, & 37.83% 

respectively when compared to that of plain concrete. 

 The hybrid fibre reinforced concrete specimens exhibit increase in deflection to the tune of 60.61% in 

comparison with plain concrete. 

 The mode of failure gets modified to ductile in HFRC specimens, when compared to a typical brittle 

failure in plain concrete. 

 The increase in ductility for HFRC was found to be 94% and 61% in terms of energy and deflection 

respectively when compared to the plain concrete. 
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