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Abstract: Flexural, torsional, compressive and shear behavior 

of Steel Fiber Reinforced Concrete (SFRC) is already studied 

individually but none has studied the performance of SFRC 

beams under a combined effect of more than one state i.e. tension, 

flexure, torsion, compression and shear in general by now. In this 

study M20 grade of concrete beams under composite behavior of 

flexure, shear and torsion with different compositions of fibers 

mix were investigated. The dimensions of specimen beams was 

100 mm x 100 mm x 500 mm and straight cylindrical fibers of 

length 0.28 mm and aspect ratio 100 were mixed. A total of 48 

specimen were casted and tested such that for every percentage of 

fiber and each torsion value three beams were tested. Hence there 

are four torsion values 0, 61.75, 119.41 and 176.53 N-m are 

applied (4x3x4=48) It was found during study that ultimate 

bending stress and deflection increases due to increase in 

torsion where as the ductility reduced with the torsion 

enhancement for a specific fraction of fiber content. 

Keywords: About four key words or phrases in alphabetical 

order, separated by commas.  

I. INTRODUCTION 

Given its long history, it is surprising that the introduction of 

fibers to improve the material properties had not advanced a 

great deal in the period up to the early 1930’s. However, post 

1930 progress has been more impressive with the most 

significant gains made after 1960. This can be attributed to 

both the appearance of man-made fibers and the evolution of a 

more meticulous scientific approach to the computation of 

cement based composite behavior. Due to low tensile 

strength; ordinary concrete cracks when undergoes tensile 

stresses and impact loads and to solve this cracking problem, 

reinforcement bars of steel are located inside the ordinary 

concrete. The reinforcement can also be provided in fibers 

form which can be uniformly cast in and distributed all over 

the concrete medium. These fibers create a connection within 

the cracks and offer enhanced performance of the concrete 

structure. The betterment extent rests on the factors like 

strength, aspect ratio, modulus, superficial attachment 

features, fiber type, amount and direction etc. When Steel 

fibers are casted in concrete then it enhances load carrying 

capacity by shifting the burden from the concrete to the fibers. 
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Shear distortion at the fiber-matrix interface consequences in 

conflicting physical stuffs between the concrete and the 

fibers. Steel fibers show added role to prevent cracking and 

increase confrontation to dynamic or impact loading or to 

attack substantial collapse. Especially, synthetic fibers can be 

useful to non-structural and non-primary load bearing 

practices. 

II. LITERATURE REVIEW 

Normal concrete is very weak against tensile stresses in 

combination with inelastic performance resulting in abrupt 

tensile letdown lacking any notice in advance. For 

constructions that can result to main structural failure and so 

concrete needs certain arrangement of tensile strengthening to 

counter its fragility, to increase its tensile bearing strength and 

strain capability so that these can be used in structural 

practices. For a long steel is being applied as a choicest 

material for concrete tensile strengthening, historically. Steel 

reinforcement is purposefully located in the body of concrete 

where there is an expected tensile stress to occur so as to make 

the steel reinforcement very effective and efficient. Various 

researches have been performed and in a research by 

Romualdi and Batson [1] impact test on fiber reinforced 

concrete specimens was conducted where it was found that 

adding narrow gapped continual steel fibers in concrete 

improved the cracking strength. Micro cracks were also 

prevented by the application of pinching forces at the tips of 

cracks which delayed the further propagation of cracks just 

because of these steel fibers. Further in 1979 Narayanan and 

Toorani [2] provides information concerning the behaviour of 

plain and fiber reinforced concrete for range of normal and 

high strength levels under direct shear. The principal 

parameters investigated were like volume percentage of steel 

fibers, compressive strong point of concrete, aspect of steel 

fibers. Formulations were correspondingly proposed for 

cracks and ultimate shear prediction for SFRC for initially 

uncracked push-off specimens with various fiber volume and 

aspect ratio. The cracking behavior of steel fiber reinforced 

concrete is founded to be reduced with smaller crack spacing 

and reduction in crack width as compared to plain steel 

reinforced beams Bichoff [3]. Further experimental studies on 

impact confrontation of steel fiber protected concrete is done 

by drop weight test method where hook ended fibers of 35mm 

length and 0.55 mm in diameter and founded that there is an 

improvement in first crack, failure strength and residual 

impact Song et al [4]. 
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III. EXPERIMENTAL PROGRAM 

An exclusive experimental set up was made to establish the 

effect of SFRC with changing fused mixes and fractions of 

fibers. Specimen beams sized with 100×100×500 cubic mm 

of Mix M20 grade of concrete were casted with varying 

fractions i.e. 0 %, 0.5 %, 0.75 % and 1 % of fibers by weight. 

A. Properties of Concrete Constituents 

The various constituents of concrete were tested for physical 

properties without any harmful elements so as not to affect the 

complex behavior.  

OPC 43 grade was used conforming to IS 4031: (1999) for 

normal consistency, initial and final setting times, soundness 

(mm) (Le-Chatelier’s Test), specific gravity, Compressive 

strength after 7 and 28 days of cement. The results were 

29.5%, 34 and <600 minutes, 2 mm, 3.15, 21 and 40 MPa 

respectively  which are very near to 30%, 30 minutes (min) 

and 600 minutes (max), 10 mm (max), 3.15, 33 and 43 MPa; 

the suggested standards 

Locally available coarse sand as fine aggregates used was 

graded using IS sieves and were of grading zone II. The 

fineness modulus and specific gravity were determined as 

2.83 and 2.45. IS 383: (1970) was followed for the tests to be 

performed. 

Locally available coarse aggregate of crushed stone 10 mm 

and 20 mm graded used in concrete mix as the mainly 

quartzite in mineralogical composition. The fineness modulus 

and specific gravity of 10 mm and 20 mm aggregate as 

determined as per IS code was 2.60, 5.92 and 2.64 and 6.98 

respectively. 

Potable water was used in all operations to take care quality of 

water. 

Steel wire pieces of 2.8 cm length, diameter 0.28 mm and 

aspect ratio 100 were mixed with concrete in the weight 

proportions 0%, 0.5%, 0.75% and 1.0%. 

B. Mix Design of M20 Grade Concrete 

The ordinary M20 mix of concrete was considered as per the 

guidelines of IS-10262: (1982), steel threads were mixed by 

weight with percentage fractions of 0.0%, 0.5%, 0.75% and 

1.0% to the ordinary mixes to obtain normal strength fibre 

reinforced concrete. The constituents of the concrete mixes 

are listed in Table 1. 

Table 1. Constituents of Materials to be Used for M20 

Grade Concrete 

Material 

Type 
Cement 

Fine 

Aggregate 

Coarse 

Aggregate 

Water/

Cement 

Ratio 

Amount in 

1 cubic 

meter of 

concrete 

372 

kg/m
3
 

579.6 

kg/m
3
 

1159.85 

kg/m
3
 

0.5 

The mix design was done as per IS-10262: (1982) and 

specimens were casted which were taken out of molds after 24 

hours of casting, labelled specimens were submerged in water 

for curing a period of 28 days. The completely cured concrete 

beam samples were taken out four weeks later and after 

surface dried brought to be tested at room temperatures under 

two point load procedure and load vs central deflections 

readings were observed. 

C. Tests on Samples 

The combined effect of flexure, torsion and shear was studied 

experimentally in the laboratory. Different type of 

experimental setup is required in which SFRC beams were 

tested in for flexure under two point loads. The central 

deflection was determined using dial gauges supported by a 

plate on both the sides. Pure bending was achieved by 

applying point loads exactly at 1/3 rd point of length from 

both sides with center of beam. The torsion was applied in 

such a way that a long iron girder was attached with one end of 

the beam and the other was clamped not to rotate. The 

arrangement of torque application is as shown in Figure 1 & 2. 

The torsion was applied as 0.0 N-m, 61.75 N-m, 119.41N-m 

and 176.53 N-m by varying the load on the iron girder.  

 
Figure 1. Set Up for Flexure, Torsion and Shear 

 
Figure 2. Set up of Clamp to Hold Far End 

IV. OUTCOMES AND DEBATE 

Use either SI (MKS) or CGS as primary units. (SI units are 

encouraged.) English units may be used as secondary units (in 

parentheses). An exception would be the use of English units 

as identifiers in trade, such as “3.5-inch disk drive”. 

Avoid combining SI and CGS units, such as current in 

amperes and magnetic field in oersteds. This often leads to 

confusion because equations do not balance dimensionally. If 

you must use mixed units, clearly state the units for each 

quantity that you use in an equation. Do not mix complete 

spellings and abbreviations of units: “Wb/m2” or “webers per 

square meter”, not “webers/m2”.   
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Spell out units when they appear in text: “. . . a few henries”, 

not “. . . a few H”. 

A. SFRC under Compression 

M20 grade SFRC cubes of size 150mmx150mmx150mm 

were tested in uniaxial compression with varying percentage 

of fibres from 0.0 % to 1.0 % (0.0, 0.5, 0.75, and 1.0%) by 

weight. The stress – strain diagram was then found. 

B. SFRC under Splitting Tensile Strength 

M20 grade SFRC cylinders of size 150mm dia and 300 mm 

height  were tested for splitting tensile strength with varying 

percentage of fibres from 0.0 % to 1.0 % (0.0, 0.5, 0.75, and 

1.0%) by weight. The stress – strain diagram was then found. 

C. SFRC under Flexure, Torsion and Shear 

Similar to the cases (0.0%, 0.5% and 0.75%) the specimen 

beams with 1% fiber amount by volume were exposed to a 

confining torsion 0, 61.75, 119.41, 176.53 N-m. At torsion 

load was 0 Nm, the specimen beams failed at 15 kN ultimate 

load with 0.68 mm of ultimate deflection. The load bearing 

ability reduced to 14 kN with decreased deflection of 0.605 

mm on raising the torsion up to 61.75 N-m. The beams 

subjected to torsion of 119.41 N-m were observed to bear an 

ultimate load 12 kN and miscarried at a central deflection 

0.515 mm. On exposing the specimen beams to a torsion 

value 176.53 N-m, the ultimate load bearing capability of the 

specimen decreased to 11 kN. The deflection observed in 

sample beams was 0.435 mm. Figure 3 shows the load - 

deflection curve at 1.0 % fibers. 

 

 
Figure 3. Ultimate load vs. deflection plots for 1.0% Fiber with varying torsion 

 

V. CONCLUSIONS 

1. In the specimen beam tested under joint effect of flexure, 

torsion and shear the ultimate bending stress and ultimate 

central deflection decreases with the increase of torsion 

for a specific fiber content. 

2. The central deflection value at ultimate load rises with 

the upsurge of fiber percentage for a specific torsion in 

the specimen beams. 

3. At the torsion value of 119.41 Nm; the bending stress 

surges from 3.6 N/mm
2
 to 4.8 N/mm

2
 by an extreme 

value of 27.27% with the increment of fiber content right 

from 0.0% to 1.00% by weight. 
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