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Abstract— The use of High Strength Concrete (HSC) is on 

explore. It is has been found that HSC is relatively brittle 

material. Fibres are added to improve its ductility. 

Experimental study is carried out to assess mechanical 

properties of high strength fibre reinforced concrete 

(HSFRC) of grade M80. In addition to normal materials, 

silica fume, fly Ash and three types of fibres viz.  Hooked 

end steel, Flat steel fibre and Crimped steel fiber are used. 

The content of silica fume and fly ash is 5% and 20% 

respectively by weight of cement. Water to cementitious 

material ratio was 0.25. Mixes are produced by varying 

types of fibres and for each type of fibre its volume fraction 

is varied from 0.5% to 4.0 % with an increment of 0.5% by 

weight of cementitious materials. 150 specimens of cubes 

(150×150×150mm), are tested to study the effect type and of 

fibres on compressive strength and workability of HSFRC. 

The results indicated significant improvement in mechanical 

properties of HSFRC. 

Key words: Steel Fibres, High Strength Fibre Reinforced 

Concrete, Compressive Strength, Workability 

I. INTRODUCTION 

In recent years, high strength concrete (HSC) is becoming 

an attractive alternatively to traditional normal strength 

concrete (NSC). High strength concretes of strength in 

excess of 80 MPa are often used in a wide range of 

applications. With the increased use of HSC, concern has 

developed regarding the behavior of such high strength 

concrete.  The high strength in HSC is obtained often, by 

reducing the amount of water, with the use of special 

admixture that also improves the workability. However, the 

lower water-cement ratio leads to lower porosity that makes 

HSC more brittle and make it have less tensile and flexural 

strength compared to NSC.High strength concrete is 

inherently a brittle material, with low tensile strength and 

limited ductility. Due to these properties, the normal high 

strength concrete has some limitation for application in very 

impotent structure, such as high-rise building, road 

pavements, long span bridges and construction of chimneys. 

The high strength concrete not only increases the strength of 

concrete but also it reduced the permeability. High strength 

concrete is generally, used for increasing the durability, 

tensile strength, modulus of elasticity and flexural strength 

of concrete.Thus high strength fiber reinforced concrete 

(HSFRC) is a composite material essentially consisting of 

conventional high strength concrete reinforced by random 

dispersal of short, discontinues and discrete fine fibres of 

specific geometry. The different types of fibres 

hadinvestigated, and utilized for different applications. Each 

types of fiber have its own characteristic property and 

limitation.Several different types of fibers, both manmade 

and natural, have been incorporate into high strength 

concrete. Use of natural fibers in high strength concrete 

precedes the advent of conventional reinforced high strength 

concrete in historical context. However, the technical 

aspects of HSFRC systems remained essentially 

undeveloped. 

In HSFRC, thousands of small fibers are dispersed 

and distributed randomly in the high strength concrete 

during mixing, and thus improve high strength concrete 

properties in all directions. Fibers help to improve the post- 

peak ductility performance, pre-crack tensile strength, 

impact strength, fatigue strength, and eliminate temperature 

and shrinkage cracks. 

II. LITERATURE SURVEY 

Recently there has been considerable need for improving the 

properties of high strength concrete with respect to strength, 

durability, ductility and performance as a structural material 

with cement to meet the requirements of the structure, 

environment and other factors. This is because the 

conventional plain high strength concrete possesses high 

compressive strength, low tensile strength, poor impact 

strength, ductility, and little resistance to cracking and poor 

resistance to chemical attack. So it is necessary to overcome 

these drawbacks of high strength concrete. Continuous 

research by high strength concrete technologist to 

understand improve and develop the properties of concrete 

has resulted in a new type of concrete. Which, introduced 

fibres inside of concrete for improving strength, ductility, 

hardness and toughness is  known as fiber reinforced high 

strength concrete. Fibre reinforced high strength concrete 

can be defined as a composite material consisting of 

mixtures of cement mortar or high concrete and 

discontinuous, discrete, uniformly dispersed suitable 

fibres.Continuous meshes, woven fabrics and long wires or 

rods are not considered to be discrete Fibre. 

A lot of research work has been done and is going 

on the use of synthetic fibres in enhancing different 

properties of high strength concrete. Research work done by 

different researchers is discussed here in brief. 

Ramaswamy and Thomas [1] proposed models for 

predicting the various mechanical properties of steel fiber 

reinforced concrete. Models were derived from regression 

analysis of the test data. The strength of steel fibre-

reinforced concrete predicted using the proposed models 

was compared with the test data from the present study and 

with various other test data reported in the literature. The 

proposed model predicted the test data quite accurately. The 

study indicated that the fibre matrix interaction contributes 

significantly to enhancement of mechanical properties 

caused by the introduction of fibres, which is at variance 

with both existing models and formulations based on the law 

of mixtures. 

Yazici, Inan and Tabak [2] investigated the effects 

of aspect ratio (l/d) and volume fraction (Vf) of steel fibre on 
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the compressive strength, split tensile strength, flexural 

strength and ultrasonic pulse velocity on steel fibre 

reinforced concrete (SFRC). For this purpose, hooked-end 

bundled steel fibres with three different l/d ratios of 45, 65 

and 80 were used. Three different fibre volumes were added 

to concrete mixes at 0.5%, 1.0% and 1.5% by volume of 

concrete. Ten different concrete mixes were prepared. After 

28 days of curing, compressive, split and flexural strength as 

well as ultrasonic pulse velocity were determined. It was 

found that, inclusion of steel fibres significantly affect the 

split tensile and flexural strength of concrete in accordance 

with l/d ratio and Vf. Besides, mathematical expressions 

were developed to estimate the compressive, flexural and 

split tensile strength of SFRCs regarding l/d ratio and Vf of 

steel fibres  

Mohammadi, Singh and Kaushik [3] studied 

properties of plain concrete and steel fibre rein- forced 

concrete (SFRC) containing fibres of mixed aspect ratio. An 

experimental programme was planned in which various tests 

such as inverted cone time, Vebe time and compaction 

factor were conducted to investigate the properties of plain 

concrete and fibre reinforced concrete in the fresh state. 

Compressive strength, split tensile and static flexural 

strength tests were conducted to investigate the properties of 

concrete in the hardened state. The specimen incorporated 

three different volume fractions, i.e., 1.0%, 1.5% and 2.0% 

of corrugated steel fibres and each volume fraction 

incorporated mixed steel fibres of size 0.6 · 2.0 · 25 mm and 

0.6 · 2.0 · 50 mm in different proportions by weight. 

Complete load deflection curves under static flexural loads 

were obtained and the flexural toughness indices were 

obtained by ASTM C-1018 as well as JCI method. A fibre 

combination of 65% 50 mm + 35% 25 mm long fibres can 

be adjudged as the most appropriate combination to be 

employed in SFRC for compressive strength, split tensile 

strength and flexural strength. They found better workability 

as the percentage of shorter fibres increased in the concrete 

mix. 

Topcu and Canbaz [4] investigated the effects of 

replacement of cement (by weight) with three percentages of 

fly ash and effects of addition of steel and polypropylene 

fibres on different mechanical properties of concrete. 

Concretes produced with three different replacement ratios 

of fly ash and three different types of steel and 

polypropylene fibres were compared to those without fibres 

used in concrete with FA. According to the results of the 

study, addition of fibres provides better performance for the 

concrete, while fly ash in the mixture may adjust the 

workability and strength losses caused by fibers, and 

improve strength gain 

Aulia  [5] by his experimental study described the  

use of a certain amount of fibres in the high strength 

concrete mixture, e.g. 0.2% vol., did not influence 

detrimentally the main mechanical properties of high-

strength high strength concretes, both in fresh and hardened 

high strength concrete, but led assuredly to ductile fracture 

of such brittle high strength concrete 

III. CASTING AND TESTING 

The main intend of this experimental work is to study the 

effect of three different type of  steel fibre (WSF, CSF and 

HESF), fly ash and silica fume with super plasticizer as 

water reducer in high strength concrete on compressive 

strength test, pull out test, split tensile strength test and to 

compare these properties with plain high strength  concrete. 

High strength Concrete with three different types and 

different percentage of steel fibre high strength concrete is 

cast to study these effects.Casting and testing of concrete 

cubes, cylinders, beams were done as per IS code 

recommendations. The proportioning of concrete mixes 

consists of determination of the quantities of respective 

ingredients necessary to produce concrete having adequate, 

but not excessive, workability and strength for the particular 

loading and durability for the exposure to which it will be 

subjected. Emphasis is laid on making the most economical 

use of available materials so as to produce concrete of the 

required attributes at the minimum cost. The basic 

assumption made in mix design is that the compressive 

strength of workable concrete is governed by the water 

cement ratio. 

A. Experimental Program 

Ordinary Portland Cement having 7 days compressive 

strength of 45.20 Mpa and confirming to IS 12269 and fine 

and coarse aggregates confirming to IS 383 were used. The 

fineness modulus of sand was 2.803 and those of 10mm 

coarse aggregate were 7.52.The M-80 grade of concrete 

having mix proportions 0.25 : 1 : 1.21 : 1.82  i.e. W/C ratio : 

Cement : Fine Aggregate : Coarse Aggregate with w/c ratio 

0.25 was used throughout the experimental investigation. 

Following moulds and specimens were prepared for the 

testing purpose. 

Cubes of 150 x 150 x 150mm size for compressive strength 

Slump Cone Test 

All specimens were cast incorporating 0% to 4% 

steel fibres of weight of cement at the 0.5% variation with 

fibres. The fly ash content is 20% and 5% silica fume 

keeping constant by weight of cement. For each test six 

specimens were cast with and without fibres for 7days and 

28days. Compaction of all these specimens was done using 

table vibrator to avoid balling of fibres. The specimens of 

normal concrete were water cured and all the specimens of 

reinforced fibre concrete with silica fume were wet cured for 

7 and 28 days at room temperature and were tested on 2000 

KN Universal Testing Machine. Overall 150 specimens 

were cast and tested to evaluate the strength performance. 

B. Mix Design of Concrete 

DOE method of mix design was use for mix design of M-80 

grade of concrete. The quantities of ingredients materials 

and mix properties as per design are as follows. 

Material Proportion by weight Weight in kg/m 

Cement 1 640 

F.A. 1.21 776.8 

C.A. 1.81 1165.2 

W/C ratio 0.25  

Table 1: 

IV. RESULTS AND DISCUSSION 

The tests on hardened concrete are carried out according to 

relevant standards wherever applicable. Results of various 

strength are computed according to the strength of material 

theory. 
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Fig. 1: Comparison of compressive strength of concrete with 

different type of fibre at different percentage 

The above graph shows the compressive strength of 

three different fibre and for each type of fibre its volume 

fraction is varied from 0.5% to 4.0 % with an increment of 

0.5%.It has been observed that the strength increased is 

optimum at the volume fraction 3.5% .It has also been 

observed that for the crimped type of steel fibre the 

compressive strength is more as compared to other two 

types. 

Workability of concrete with and without fibre is 

determined with the help of slump cone test. The density is 

obtained by measuring the weight and volume of cubes. 

Results of these properties are shown in Table 4.1. 

Sr.No 
Fibre 

Content(%) 

Wet 

Density 

Kg/m3
 

Workability by 

Slump(mm) 

1 0 2638 52 

2 0.5 2592 55 

3 1 2578 56 

4 1.5 2582 58 

5 2 2630 57 

6 2.5 2558 58 

7 3 2640 60 

8 3.5 2630 62 

9 4 2620 64 

Table 2: Physical properties of Fresh Concrete 

Results from Table 4.1, indicate that for same mix 

proportion and same SP dose with same aspect ratio of fibre 

but increase in fibre content (%) workability is reduced 

marginally. 

 
Fig. 2: Workability of concrete at different fibre percentage 

The above graph shows the workability of the concrete at 

different volume fraction is varied from 0.5% to 4.0% with 

an increment of 0.5%.It has been observed that as the fibre 

volume content is increased the workability decreases.  

V. CONCLUSIONS 

Based on the experimental study and results obtained.  

1) The maximum percentage increase in compressive 

strengths is at 3.5% of fibre volume fractions.. 

2) The increase in the strength achieved for different type 

of fibre is crimped steel fibre. 

3) The increase in the volume fraction decreases the 

workability marginally. 

4) In general, the satisfactory improvement in various 

strengths is observed with the inclusion of all types of 

fibres in the plain high strength concrete. However, 

maximum gain in strength of high strength concrete is 

found to depend upon the amount of fibre content. 

5) Ductility of high strength concrete is found to increase 

with inclusion of fibres at higher fibre content. The 

width of cracks is found to be less in HSFRC than that 

in plain cement high strength concrete beam. 
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