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Abstract 

This project focuses on the experimental investigation carried out on hybrid fibre reinforced concrete (combination of crimped 

steel fibre and a non-metallic polyester fibre) by varying the steel fibre content( 0.1 to 0.25% of volume of concrete) and keeping 

a constant polyester fibre content( 0.20% of weight of cement) which was prepared using normal mixing, compaction and curing 

conditions. The workability studies and the mechanical properties namely, compressive strength on cubes, splitting tensile 

strength and modulus of elasticity on cylinders, flexural strength on beams were studied for concrete prepared using 4 different 

proportions of steel fibre content. It is found that all HyFRC specimens shows better mechanical properties than conventional 

concrete mix. In our study the maximum strength parameters occurred for 0.15% of steel fibre content with constant polyester 

fibre content of 0.20%. The failure mode in HyFRC is different from that of conventional concrete mix. The fibres are able to 

hold the matrix together even after extensive cracking. Fibre addition results in decrease in workability and creates difficulty in 

compaction which may results in reduction in strength for increased fibre content. Steel fibre helps in bridging action and 

polyester fibre contributes in delaying the formation of micro cracks. 

Keywords: Hybrid fibre reinforced concrete (HyFRC), Crimped steel fibre, Non-metallic polyester fibre, compressive 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Concrete is the most frequently used construction material in the world. It has many advantages including an ability to cast, low 

cost, good durability, fire resistance, energy efficiency, onsite fabrication and aesthetics. However it has low tensile strength, low 

durability and low energy absorption. 

An intrinsic cause of the poor tensile behavior of concrete is its low toughness and the presence of defects. Due to this less 

tensile strength, concrete is subjected to crack on loading. The proportion of these cracks all over the structure causes the 

deterioration of structural component due to the corrosion of steel reinforcement accelerated by the formation of micro cracks. 

Improving concrete toughness and reducing the size and amount of defects in concrete would lead to better concrete 

performance. An effective way to improve the toughness of concrete is by adding small fraction of short fibres in concrete mix 

during mixing FRC. 

In fibre reinforced concrete thousands of small fibres are dispersed and distributed randomly in concrete during mixing and 

thus improves concrete properties in all directions. 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. 

II. MATERIALS  

The properties of selected material for this experimental study have been reported as given below. 
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 Cement 

Ordinary Portland current 53 Grade with physical and chemical properties as give in table has been used in this experimental 

study 
Table – 1 

Physical Properties of Ordinary Portland cement 

Characteristics Result 

Fineness (retained on 90mm sieve )% 7 

Specific gravity                           (gm/cc) 3.13 

Soundness                                   (mm) 1.9 

Standard consistency                  (%) 30.75 

Initial Setting Time                     (sec) 159 

Final setting time                        (sec) 247 

Compressive strength 28 days    (MPa) 54.75 

 Steel fibre 

Steel fibre, used in the present study is of crimped type. The properties of the steel fibre are given in Table 2. 
Table – 2 

Physical Properties of Steel fibre 

S.No Physical Properties Results 

1. Length    (mm) 25 

2. Density   (gm/cc) 7.2 

3. Diameter (mm) 0.45 

4. Aspect ratio 56 

 Polyester fibre 

Polyester fibre used in this study is obtained from telecommunication cables with properties as in Table 3. 
Table – 3 

Physical properties of Polyester fibre. 

S.No Physical Properties Typical Values 

1. Length (mm) 12 

2. Diameter 36 micron 

3. Aspect ratio 334 

4. Melting point 250°C 

 Fine Aggregate: 

Locally available river sand conforming to grading Zone II of IS: 383-1970 was used in this experimental work.  

 Coarse Aggregate: 

Locally available crushed stones conforming to graded aggregate of normal size 12.5 as per IS: 2386-1963, was used in this 

experimental work.  

 Water: 

The water used for the study was free of acids, organic matter, suspended solids, alkalis and impurities when present may have 

adverse effect on the strength of concrete. Portable water with pH value 7 conforming to IS: 456-2000 was used for making 

concrete and curing this specimen as well. 

 Mix Proportions: 

A total of 5 concrete mixtures were designed as per IS10262-2009 having a constant water binder ratio of 0.45 and total binder 

content of 320kg/m3. The control mixture of grade M30 included ordinary Portland cement alone as the binder, while remaining 

mixtures incorporated ) by varying the steel fibre content( 0.1 to 0.25% of volume of concrete) and keeping a constant polyester 

fibre content( 0.20% of weight of cement) which was prepared using normal mixing, compaction and curing conditions. 

III. RESULT AND DISCUSSION COMPRESSIVE STRENGTH 

Compressive strength is the most important property of hardened concrete and is generally considered in the design of concrete 

mixes. Many other properties of concrete depend on its compressive strength. Concrete cubes of size 15 cm x 15 cm x 15 cm 

were casted and are tested in a compression testing machine to determine the maximum load the cube can withstand under 

compression. 

Compressive strength = (maximum load / cross sectional area) 
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The average 7 day and 28 day compressive strength of different groups of specimens are given in Table. 
Table – 4 

Compressive strength of cement replacement with blended concrete 

Replacement of cement 0 % 10 % 15 % 20 % 25 % 

7 Days 23 26 28.76 24.88 25 

28 Days 35.19 36.23 46.28 39.8 37.33 

 

 
Fig. 1: Characteristic Compressive strength for various replacement of cement with Steel fibre and Polyester fibre. 

A minimal change in compressive strength was observed due to addition of steel fibre and polyester fibre. As the steel fibre 

content varies from 0.1 % to 0.25% of the volume of concrete with a constant presence of 0.2% of polyester content, there occurs 

a gradual increase in compressive strength up to 0.15% of steel fibre content, further occurs a decrease. 

Maximum value of compressive strength occurs at fibre combination of 0.15% of steel fibre & 0.2% of polyester fibre content.  

 Split Tensile Strength: 

Splitting test is an indirect method to determine the tensile strength of concrete. In this tests, the cylindrical specimens of size 

150 mm x 300 mm is subjected to a uniform line load along the length of the specimen. The tensile strength is calculated using 

the load at which the specimen split into two. 
Table – 5 

Split Tensile strength of cement replacement with Steel fibre. 

Replacement of cement 0 % 0.1 % 0.15 % 0.2 % 0.25 % 

28 Days 2.37 2.57 2.9 2.73 2.43 

 

 
Fig. 2: Splitting Tensile strength for various replacement of cement with steel fibre and polyester fibre. 
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In Fig 2, the fibre addition increased the spitting tensile strength of concrete to a particular hybrid fibre combination of 0.15% 

of steel fibre & 0.2% of polyester fibre that decreases with further increase in steel fibre content. In the case of split tensile 

failure, the fibre across the entire splitting cross section is expected to be effective in resisting the splitting of cylinder into two 

pieces. 

 Flexural strength: 

Beams of dimensions (10x10x50cm) were prepared and tested under monotonic increasing loading to determine the flexural 

tensile strength. The rate of load application was 1.0MPa/min in all cases. The flexural strength can be determined as PL/BD2, 

where P is the maximum node applied (N), L is the span length (mm), that is the distance between the line of fracture and the 

nearest support measured from the center line of tensile side of specimen, B is the width of the specimen, D is the depth 

specimen (mm). 
Table – 6 

Flexural strength of cement replacement steel fibre and polyester fibre. 

Replacement of cement 0 % 10 % 20 % 30 % 40 % 

28 Days 6.69 6.7 7.5 7.0 6.8 

 

 
Fig. 3: Flexural Strength for various replacement of cement with fly ash and silica fume 

In Fig 2, the reduction in flexural strength is due to the reduction in compaction effected by the introduction of fibre and the 

ineffectiveness of the fibre in resisting the high tensile stress developed at the extreme bottom layer during the flexural failure of 

the beam specimens. 

IV. CONCLUSION 

From the experimental study conducted the arrived conclusions are: 

1) Workability of the concrete mix will get decreased due to the introduction of steel so some admixtures need to be added to 

enhance workability. 

2) Optimum dosage of steel fibre is found to be 0.15% by volume of concrete. 

3) Comparing conventional concrete and HyFRC with optimum moisture content there obtained an increase in compressive 

strength (31.5%), flexural strength (16. 3%), and splitting tensile strength (22.3%) 

4) The failure mode in HyFRC is entirely different from that of conventional concrete which provides HyFRC an improved 

strength and crack delay. 
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