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Abstract— Plain, unreinforced concrete is a brittle material, 

with a low tensile strength, limited ductility and little 

resistance to cracking. In order to improve the inherent 

tensile strength of concrete there is a need of multidirectional 

and closely spaced reinforcement, which can be provided in 

the form of randomly distributed fibres. Steel fibre is one of 

the most commonly used fibres. Short, discrete steel fibres 

provide discontinuous three-dimensional reinforcement that 

picks up load and transfer stresses at micro-crack level. This 

reinforcement provides tensile capacity and crack control to 

the concrete section prior to the establishment of visible 

macro cracks, thereby promoting ductility or toughness. The 

modulus of elasticity of concrete is a very important 

parameter reflecting the ability of concrete to deform 

elastically. In addition, in order to make full use of the 

compressive strength potential, the structures using high 

strength concrete tend to be slimmer and require a higher 

elastic modulus so as to maintain its stiffness. Therefore, 

knowledge of the modulus of elasticity of high strength 

concrete is very important in avoiding excessive 

deformation, providing satisfactory serviceability, and 

avoiding the most cost-effective designs. The present 

experimental study considers the effect of aggregate size and 

steel fibres on the modulus of elasticity of concrete. Crimped 

steel fibres at volume fraction of 0%.0.5%, 1.0% and 1.5% 

were used. Study on effect of volume fraction of fibres and 

change of aggregate size on the modulus of elasticity of 

concrete was also deemed as an important part of present 

experimental investigation. This work aims in studying the 

mechanical behaviour of concrete in terms of modulus of 

elasticity with the change of aggregate size reinforced with 

steel fibres of different series for M30 and M50 grade 

concretes. The results obtained show that the addition of steel 

fibre improves the modulus of elasticity of concrete. It was 

also analyzed that by increasing the fibre volume fraction 

from 0%, to 1.5% there was a healthy effect on modulus of 

elasticity of Steel Fibre Reinforced concrete. 
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I. INTRODUCTION 

Concrete is most widely used construction material in the 

world due to its ability to get cast in any form and shape. It 

also replaces old construction materials such as brick and 

stone masonry. The strength and durability of concrete can 

be changed by making appropriate changes in its ingredients 

like cementitious material, aggregate and water and by 

adding some special ingredients. Hence concrete is very 

well suitable for a wide range of applications. However 

concrete has some deficiencies as Low tensile strength, Low 

post cracking capacity, Brittleness and low ductility, 

Limited fatigue life, Incapable of accommodating large 

deformations, Low impact strength. The presence of micro 

cracks in the mortar-aggregate interface is responsible for 

the inherent weakness of plain concrete. The weakness can 

be removed by inclusion of fibers in the mixture. Different 

types of fibers, such as those used in traditional composite 

materials can be introduced into the concrete mixture to 

increase its toughness, or ability to resist crack growth. The 

fibers help to transfer loads at the internal micro cracks. 

Such a concrete is called fiber-reinforced concrete (FRC). 

The introduction of the paper should explain the nature of 

the problem, previous work, purpose, and the contribution of 

the paper. The contents of each section may be provided to 

understand easily about the paper. 

The concept of using fibers to improve the 

mechanical properties of concrete is known for many 

decades. It has been increasingly used in structural 

engineering applications. Adding fibers enhances the 

compressive, tensile and shear strengths, flexural toughness, 

durability and resistance to impact. The mechanical 

properties of fiber reinforced concrete depend on the type 

and the content of the added fibers. Research and design of 

steel fiber reinforced concrete (SFRC) began to increase 

about 40 years ago. Various types of steel fibers have been 

developed. They differ in size; shape and surface structure. 

These fibers have different mechanical properties such as 

tensile strength, grade of mechanical anchorage and 

capability of stress distribution and absorption. Hence they 

have different influence on concrete properties. 

Steel Fiber reinforced concrete (SFRC) is defined 

as concrete made with hydraulic cement containing Fine and 

coarse aggregate and discontinuous discrete fiber. In SFRC, 

thousands of small fibers are dispersed and distributed 

randomly in the concrete during mixing, and thus improve 

concrete properties. SFRC is being increasingly used to 

improve static and dynamic tensile strength, energy 

absorbing capacity and better fatigue strength. .Janesan, P. 

V. Indira and S. Rajendra Prasad reported the effect of steel 

fiber on the strength and behaviour of reinforced concrete is 

two-way action. They concluded that the addition of steel 

fiber increases the ultimate strength and ductility. 

II. LITERATURE REVIEW 

Amin Abrishambaf, Joaquim A.O. Barros,[2013] have 

studied the Relation between fiber distribution and post-

cracking behavior in steel fiber reinforced self-compacting 

concrete panels. In this research, the influence of the fiber 

distribution and orientation on the post-cracking behavior of 

steel fiber reinforced self-compacting concrete (SFRSCC) 

panels was studied. To perform this evaluation, SFRSCC 

panels were cast from their centre point. For each SFRSCC 

panel, cylindrical specimens were extracted and notched 

either parallel or perpendicular to the concrete flow 

direction, in order to evaluate the influence of fiber 

dispersion and orientation on the tensile performance. The 
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post-cracking behavior was assessed by both splitting tensile 

tests and uniaxial tensile tests. To assess the fiber density 

and orientation through the panels, an image analysis 

technique was employed across cut planes on each tested 

specimen. It is found that the splitting tensile test 

overestimates the post-cracking parameters. Specimens with 

notched plane parallel to the concrete flow direction show 

considerable higher post-cracking strength than specimens 

with notched plane perpendicular to the flow direction. 

Vikrant S Vairagade, Kavita S. Kene,[2012] have 

done the Experimental investigation for M-20 grade of 

concrete to study the compressive strength, and tensile 

strength of steel fiber reinforced concrete (SFRC) containing 

fibers of 0% and 0.5% volume fraction of hook end Steel 

fibers of 50 and 53.85 aspect ratio were used. A result data 

obtained has been analyzed and compared with a control 

specimen (0% fiber). A relationship between Compressive 

strength vs. days, and tensile strength vs. days represented 

graphically. Result data clearly shows percentage increase 

in7 and 28 days Compressive strength and Tensile strength 

for M-20 Grade of Concrete. 

Osman Gencelet al. [2011] studied the Workability 

and Mechanical Performance of Steel Fiber-Reinforced 

Self-Compacting Concrete with Fly Ash. In this 

experimental investigation steel fiber having aspect ratio of 

60 and geometry of cylindrical with hooked ends were used. 

The steel fibers were used at volume fractions of 0.2%, 

0.4%, 0.6% and 0.8%. Water/Cement ratio (W/C), cement, 

fly ash and super plasticizer contents were kept constant at 

0.40, 400, 120 and 6 kg/m3, respectively. It was concluded 

that mechanical properties of concrete can be improved by 

the addition of steel fibers. However, the improvement in 

compressive strength does not always increase with a larger 

content of fibers. The modulus of elasticity was improved 

only slightly with increasing fiber content. A significant 

improvement in the energy absorption and ductility in 

compression was achieved by adding fibers to concrete. 

Mohammed Alias Yusofet al. [2011] studied the 

mechanical properties of hybrid steel fiber reinforced 

concrete with different Aspect Ratio... The results indicate 

that the hybrid steel fiber reinforced concrete (at volume 

fraction of 1.5%, consisting of 70% long fiber and 30% 

short fiber) gave the highest value of flexural strength and 

split tensile strength. On the other hand, the concrete mix 

containing 30% long fibers and 70% short fibers at 1.5% 

volume fraction gave the highest compressive strength. The 

results reveal that longer fiber performs better in flexural 

and tensile strength. On the other hand, concrete with short 

steel fiber performs better in compression as compared to 

concrete with longer steel fiber. It was also observed that by 

increasing the percentage of fiber volume in the mix, the 

workability of the concrete mix was reduced. 

III. MATERIALS 

A. Cement 

Although all materials that go into concrete mix are 

essential, cement is very often the most important because it 

is usually the delicate link in the chain. The function of 

cement is first of all to bind the sand and stone together and 

second to fill up the voids in between sand and stone 

particles to form a compact mass. Although it constitutes 

only about 20 per cent of the volume of concrete mix, it is 

the active portion of binding medium and is the only 

scientifically controlled ingredient of concrete. Any 

variation in its quantity affects the compressive strength of 

the concrete mix. In the present investigation, Ordinary 

Portland Cement (OPC) of 43 Grade was used for all 

concrete mixes. 

B. Coarse Aggregate 

The coarse aggregate is defined as that retained on 4.75 mm 

IS sieve. To increase the density of the resulting concrete 

mix, the coarse aggregate is frequently used in two or more 

sizes. Two types of aggregates with different sizes have 

been used in the present study. The details of the same are as 

below: 

 Aggregate passing 20 mm sieve 

 Aggregate passing 10 mm sieve. 

The coarse aggregate used were washed and kept in 

water for 24hr to remove dust and dirt and were dried to 

surface dry condition. 

C. Fine Aggregate 

IS: 383-1970 defines the fine aggregate, as the one passing 

4.75mm IS sieve. The fine aggregate is often termed as a 

sand size aggregate. Locally available riverbed sand was 

used in the present study. The per cent passing 600 micron 

sieve = 62.35. The sand conforms to grading Zone – III as 

per IS: 383 – 1970 respectively. 

D. Steel Fiber 

Crimped steel fibers of 0.5mm mean diameter and 30mm in 

length were used at a volume fraction of 0%, 0.5%, 1.0% 

and 1.5%. 

E. Water 

Water Available in our lab is used in this investigation. 

IV. RESULTS AND DISCUSSIONS 

A. Details of Modulus of elasticity in compression: 

After the tests have been conducted in the compression 

testing machine of capacity 200 tons, the relationship 

between stress and strain can be shown by graphs after 

calculations. The stress can be calculated by dividing the 

failure load with the cross sectional area of specimen. And 

the strain can be calculated by dial gauge reading of the 

extensometer .From the obtained graphs, it has been 

observed that, the failure stress values increases with the 

increase of steel fiber content. And the percentage increase 

in failure stresses were 51.8%, 45.8% and 57.14% for M30 

grade and 38.5%, 40% and 35.71% for M50 grade concrete. 

The following are the graphs showing the relationship 

between stress and strain of casted specimens after testing in 

compression. 

 
Fig. 1: Stress Vs Strain graph for M30/20mm 
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Fig. 2: Stress Vs Strain graph for M30/16mm 

 
Fig. 3: Stress Vs Strain graph for M30/10mm 

 
Fig. 4: Stress Vs Strain graph for M50/20mm 

 
Fig. 5: Stress Vs Strain graph for M50/16mm 

 
Fig. 6: Stress Vs Strain graph for M50/10mm 

For comparative purposes the maximum stress 

applied is chosen as a fixed proportion of the ultimate 

strength. This proportion is prescribed as 33% in BS 1881: 

Part 121:1983, and as 40 % in ASTM C 469-94. The 

minimum is specified by BS 1881: Part 121:1983 as 0.5 

MPa; ASTM C 469-94 specifies a minimum strain of 50×10-

6. The modulus of elasticity of plain concrete and steel fiber 

based concrete mixes with different fiber volume fraction 

were obtained from the data obtained from Compression 

Testing Machine. The values corresponded to 33% of the 

maximum stress. The percentage increase in modulus of 

elasticity of steel fiber reinforced concrete at 33% of the 

maximum stresses were 51.7%, 45.82% and 56.8% for M30 

grade, and 3.5%, 38.5% and 35.7% for M50 grade concrete. 

Results obtained have shown that modulus of 

elasticity of concrete increases with the addition of steel 

fibers to concrete in compression. The percentage increase 

in modulus of elasticity of steel fiber based concrete mixes 

were 118.36%, 117.42% and 326.2% for M30 grade and 

140%, 92.76%and 120.6% for M50 grade concrete 

respectively. It was observed that the addition of steel fibers 

increased the ultimate stress and the corresponding ultimate 

strain with respect to the plain concrete. The percentage 

increase in ultimate stress and ultimate strain of steel fiber 

based concrete over that of plain concrete as the volume 

fraction of fibers is increased from 0.5% to 1.5% in 

compression. It was noticed that the gain in the ultimate 

strain was considerably more pronounced than that in the 

ultimate stress. The percentage increase in ultimate stress 

increased with increase in fiber volume fraction. This may 

be due to the fact that the short fibers begin to pull out once 

the micro cracks start coalescing into macro cracks around 

the peak, thus providing lesser effect thereafter compared to 

longer fibers, which are now contributing to arrest these 

macro cracks. 

 
Fig. 7: Modulus of elasticity Vs % of fiber for M30 

 
Fig. 8: Modulus of elasticity Vs % of fiber for M50 

The above graphs are showing the relationship 

between modulus of elasticity (E) and % of steel fiber 

content. And the following are the graphs showing the 

relationship between ultimate stress (σU) and % of steel 

fiber content and the percentage increase in the ultimate 

stress were 51.7%, 45.82% and 56.8% for M30 grade and 

38.5%, 38.5% and 35.7% for M50 grade concrete. 

 
Fig. 9: Modulus of elasticity Vs % of steel fiber for M30 
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Fig. 10: Modulus of elasticity Vs % of steel fiber for M50 

B. Details of Modulus of elasticity in tension 

After the tests have been conducted in split tensile test in the 

compression testing machine of capacity 200 tons, the 

relationship between stress and strain can be shown by 

graphs. And the strain can be obtained by strain reader of 

the control panel. It is observed that the failure stresses were 

increased with the increase of steel fiber content and the 

percentage increase in failure stresses were 45.8%,60% and 

60% for M30 grade and 38.72%, 50% and 50% for M50 

grade concrete. The following are the graphs showing the 

relationship between stress and strain of casted specimens 

after testing in tension. 

 
Fig. 11: Stress Vs strain for M30/20mm 

 
Fig. 12: Stress Vs strain for M30/16mm 

 
Fig. 13: Stress Vs strain for M30/10mm 

 
Fig. 14: Stress Vs strain for M50/20mm 

 
Fig. 15: Stress Vs strain for M50/16mm 

 
Fig. 16: Stress Vs strain for M50/10mm 

For comparative purposes the maximum stress 

applied is chosen as a fixed proportion of the ultimate 

strength. This proportion is prescribed as 33% in BS 1881: 

Part 121:1983, and as 40 % in ASTM C 469-94. The 

minimum is specified by BS 1881: Part 121:1983 as 0.5 

MPa; ASTM C 469-94 specifies a minimum strain of 50×10-

6. The modulus of elasticity of plain concrete and steel fiber 

based concrete mixes with different fiber volume fraction 

was obtained from the data obtained from Compression 

Testing Machine. The values corresponded to 33% of the 

maximum stress. And the percentage increase in modulus of 

elasticity of steel fiber reinforced concrete at 33% of the 

maximum stresses were 45.8%,60% and 60% for M30 

grade, and 38.83%, 50% and 43.32% for M50 grade 

concrete. 

Results obtained have shown that modulus of 

elasticity of concrete increases with the addition of steel 

fibers to concrete in tension. The percentage increase in 

modulus of elasticity of steel fiber based concrete mixes 

were 26.01%, 21.56% and 56.06% for M30 grade and 

89.39%, 105.87% and 61.94% for M50 grade concrete 

respectively. It was observed that the addition of steel fibers 

increased the ultimate stress and the corresponding ultimate 

strain with respect to the plain concrete. The percentage 

increase in ultimate stress and ultimate strain of steel fiber 

based concrete over that of plain concrete as the volume 

fraction of fibers is increased from 0.5% to 1.5% in tension. 

It was noticed that the gain in the ultimate strain was 

considerably more pronounced than that in the ultimate 

stress. The percentage increase in ultimate stress increased 

with increase in fiber volume fraction. This may be due to 

the fact that the short fibers begin to pull out once the micro 

cracks start coalescing into macro cracks around the peak, 

thus providing lesser effect thereafter compared to longer 

fibers, which are now contributing to arrest these macro 

cracks. 

 
Fig. 17: modulus of elasticity Vs % of fiber for M30 
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Fig. 18: modulus of elasticity Vs % of fiber for M50 

The above graphs are showing the relationship 

between modulus of elasticity (E) and % of steel fiber 

content. And the following are the graphs showing the 

relationship between ultimate stress (σU) and % of steel 

fiber content and the percentage increase in the ultimate 

stress were 45.8%,60% and 60% for M30 grade, and 

38.72% ,50% and 50% for M50 grade concrete. 

 
Fig. 19: modulus of elasticity Vs % of steel fiber for M30 

 
Fig. 20: modulus of elasticity Vs % of steel fiber for M50 

From the comparison of compression and tension 

results is cleared that the modulus of elasticity [E] values are 

higher in tension 

V. CONCLUSION 

The Based on the tests on compression and split tensile tests 

of cylindrical specimens, the following conclusions have 

been drawn: 

It is observed that, the failure stresses increased 

with the increase of steel fiber content [i.e.0-1.5%] as 

51.8%,45.8% and 57.14% for M30 grade and 38.5% ,40% 

and 35.71% for M50 grade concrete in compression and 

45.8%,60% and 60% for M30 grade and 38.72%, 50% and 

50% for M50 grade concrete in tension. 

It is also observed that, the modulus of elasticity 

(E) value increases with the increase of steel fiber content 

[i.e.0-1.5%] as 118.36%, 117.42% and 326.2% for M30 

grade and 140%, 92.76%and 120.6% for M50 grade 

concrete in compression and were 26.01%, 21.56% and 

56.06% for M30 grade and 89.39%, 105.87% and 61.94% 

for M50 grade concrete in tension. 

It is also observed that, the ultimate stress and 

modulus of elasticity (E) value were increased with the 

decrease of aggregate size [i.e.10-20mm] as 51.7%, 45.82% 

and 56.8% for M30 grade, and 38.5%, 38.5% and 35.7% for 

M50 grade concrete in compression and 45.8%, 60% and 

60% for M30 grade, and 38.83%, 50% and 43.32% for M50 

grade concrete in tension. 

From the comparisons of compression and tension 

results, it was cleared that the ultimate stress values in 

tension were higher than those in compression.i.e,5 times for 

M30 and 14 times for M50 grade concretes. 

It is also observed that, the modulus of elasticity 

(E) values in tension were higher than those in compression. 

i.e, 94 times for M30 and 55 times for M50 grade concretes. 
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