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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 fibers. Steel fiber is one of the most commonly used fibers. Short,
discrete steel fibers 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.
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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. 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.

I1. OBJECTIVE

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 fibers. Steel fiber is one of the most commonly used fibers The
present experimental study considers the effect of aggregate size and steel fibers on the modulus of elasticity of concrete.
Crimped steel fibers at volume fraction of 0%.0.5%, 1.0% and 1.5% were used. Study on effect of volume fraction of fibers 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 behavior of concrete in terms of modulus of elasticity with the change
of aggregate size reinforced with steel fibers of different series for M30 and M50 grade concretes.

I11.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 behaviour 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 post-cracking behaviour was assessed by both splitting tensile tests and uniaxial
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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.

A.M. Shende, A.M. Pande [2012] have done the experimental study on Steel Fiber Reinforced Concrete. Critical investigation
for M-40 grade of concrete having mix proportion 1:1.43:3.04 with water cement ratio 0.35 to study the compressive strength,
flexural strength, Split tensile strength of steel fiber reinforced concrete (SFRC) containing fibers of 0%, 1%, 2% and 3% volume
fraction of hook tain. Steel fibers of 50, 60 and 67 aspect ratio were used. A result data obtained has been analyzed and compared
with a control specimen (0% fiber). A relationship between aspect ratio vs. Compressive strength, aspect ratio vs. flexural
strength, aspect ratio vs. Split tensile strength represented graphically. Result data clearly shows percentage increase in 28 days
Compressive strength, Flexural strength and Split Tensile strength for M-40 Grade of Concrete.

P.Poluraju and P.V.S.N.Rao (2011), has studied the behaviour of framed building by conducting Pushover Analysis, most of
buildings collapsed were found deficient to meet out the requirements of the present day codes. Then G+3 building was modelled
and analyzed, results obtained from the study shows that properly designed frame will perform well under seismic loads.

Mohammed.A ET AL., (2012) investigated the seismic design factors for three RC-SMRF buildings with 4, 16 and 32 stories
in Dubai, utilizing nonlinear analysis and found that a trend of poorer performance is detected as the building height increases.

V. Malarics & H.S. Muller [2010] have done the evaluation of the splitting tension test for concrete from a fracture
mechanical point of view. They aimed at the derivation of a consistent conversion formula between the splitting tensile strength
fersp and the uniaxial tensile strength f; for the entire spectrum of structural concretes used in practice.

V. EXPERIMENTAL WORK

A. Outline of Experimental Program:

This is an experimental setup of casting steel fiber reinforced concrete cylindrical specimens with the change of aggregate sizes
such as 20mm, 16mm and 10mm and with varying percentages of steel fibers such as 0%, 0.5%, 1% and 1.5% to study the
stress-strain relationship in tension and compression.

The experimental program was designed to determine the modulus of elasticity of M30 and M50 grade concrete cylinders of
size 150 x 300 mm under compression test and split tensile tests. The influence of change of aggregate size and volume fraction
of steel fiber were studied on cylinders of standard size with twenty four mix proportions.

This experimental program consists of twenty four cylinders for each grade namely M30/20mm/0 % ,M30/20mm/0.5 %
,M30/20mm/1 % ,M30/20mm/1.5 % ,M30/16mm/0 % ,M30/16mm/0.5% ,M30/16mm/1%,M30/16mm/1.5%,M30/10mm/0%
,M30/10mm/0.5 %,M30/10mm/1%,M30/10mm/1.5% for M30 grade and M50/20mm/0% ,M50/20mm/0.5%,M50/20mm/1 %
,M50/20mm/1.5 % ,M50/16mm/0 % ,M50/16mm/0.5 %,M50/16mm/1%,M50/16mm/1.5%, and
M50/10mm/0%,M50/10mm/0.5% ,M50/10mm/1% ,M50/10mm/1.5% for M50 grade concrete. Fig 3.2.1 shows the schematic
arrangement of the cylindrical specimen subjected to split tensile loading and compressive loading.

B. Materials:
The main ingredients used were cement, fine aggregate, coarse aggregate, water, and steel fibers.
1) Cement: Ordinary Portland cement conforming to IS 12269 — 1983 was used for the concrete mix and Specific gravity
was found to be 3.5
2) Fine Aggregate: The fine aggregate (sand) used in the work was obtained from a nearby river course. The fine aggregate
that falls in zone —I1 was used. The specific gravity was found to be 2.60.
3) Coarse aggregate: Crushed coarse aggregates of sizes 20mm, 16mm, and 10mm retained were used in the mix. Uniform
properties were to be adopted for all the cylinders for entire work. Specific Gravity of coarse aggregate is 2.78.
4) 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%.
5) Water: Potable water supplied by the college was used in the work
6) Moulds: Standard cast iron cylinder moulds were used for casting of cylinders. i.e.; 150 x 300mm size cylinders.
7) Vibrator: To compact the concrete, needle vibrator was used for compacting the Test specimens.
8) Casting: The moulds were tightly fitted and all the joints were sealed by plaster of Paris in order to prevent leakage of
cement slurry through the joints. The inner side of the moulds was thoroughly oiled before going for concreting. The
mix proportions were put in miller and thoroughly mixed.
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The prepared concrete was placed in the moulds and is compacted using needle& plate vibrators. The same process is adopted
for all specimens. After specimens were compacted the top surface is leveled with a trowel.
9) Curing: The specimens were removed from the moulds after 24 hours of casting and the specimens were placed in
water for curing.

% of Fine Coarse Weight of
Sorr?((:jfeg Aggszggate steel Mix proportions v\\//\t/?tker) s/:v?Tlf n)t aggregate aggregate steel
fibers K9 9 wt.(kg) wt.(kg) fibers(kg)
0 0
0.5 4.73
M30 20mm 1 0.46:1:1.26:3.12 | 191.6 416.5 525.7 1300.3 946
15 14.186
0 0
0.5 197.35 4.73
M30 16mm 1 0.46:1:1.28:2.88 ' 429.021 548.3 1236.55 946
15 14.186
0 0
M30 10mm Ois 0.46:1:1.29:2.55 206 447.83 579.4 114353 312
1.5 14.186
0 0
M50 20mm 05 0.39:1:0.74:3.08 | 28.85 73.92 54.7 227.7 4.726
1 9.462
1.5 14,192
0 0
0.5 4,726
M50 16mm 1 0.4:1:0.79:2.98 29.55 73.87 58.36 220.14 9.462
15 14.192
0 0
M50 10mm 0i5 0.42:1:0.84:2.84 | 31.05 73.87 62.05 209.81 347122
1.5 14,192

Prior to testing, some cylindrical specimens were capped with rich cement paste. The capping was performed by winding a
thick plastic strip around the cylinder with the help of rubber bands. The position of the plastic strip was adjusted with the help of
level placed at the top. A rich cement paste was placed at the top of the cylinder with the help of spatula and was finished
smoothly. Capping was followed by moist curing. The capping procedure was followed, to ensure parallel loading faces of test
cylinders. Some cylindrical specimens were having slight roughness in the top face. So in order to ensure parallel loading face of
the test cylinders grinding was done. In some cylindrical specimens thick paper and cardboard packing was placed to ensure
parallel loading face of the test specimen. The following fig. shows the cylindrical specimens before testing.

C. Preparation of Materials:

All materials shall be brought to room temperature, preferably 27 ' + 3 ~C before commencing the tests .The cement samples, on
arrival at the laboratory, shall be thoroughly mixed dry either by hand or in a suitable mixer till such a manner as to ensure the
greatest possible blending and uniformity in the material, care being taken to avoid the intrusion of foreign matter. The cement
shall then be stored in a dry place, preferably in air-tight metal containers. Samples of aggregates for each batch of concrete shall
be of the desired grading and shall be in an air -dried condition. In general. the aggregate shall be separated into tint- and coarse
fractions and recombined for each concrete batch in such a manner as to produce the desired grading. 1S Sieve 480 shall be
normally used for separating the fine and coarse fractions, but where special gradings are being investigated, both fine and coarse
fractions shall b« further separated into different sizes.
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Fig. 3.1: Cylindrical specimens before testing

D. Test Setup and Test Procedure:

1) Compression Test:
After 28 days curing, the cylindrical specimens were tested in the compression testing machine of capacity of 200 tons. An
extensometer of gauge length 200mm and a least count of 0.002mm has been used to note the deformation values. So a cylinder
mounted with an extensometer was used to find out the deformation values during loading. The vertical strips of extensometer
were removed before placing the cylinder in test setup so as to avoid the damage of extensometer during loading. Then place the
cylinder in test setup and apply the load continuously without any shock to note the deformation values. And stop the applying of
the load after the specimen has failed. The compressive strength of the specimen can be calculated by dividing the failure load by
the cross sectional area of the specimen.

i.e.; Compressive strength (MPa) = Failure load / cross sectional area.

SSS
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' Fig. 3.3: Cylindrical Specimens after compression testing
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2) Split Tensile Test
For Split tensile strength test, cylinder specimens of dimension 150 mm diameter and 300 mm length were cast. The specimens
were demoulded after 24 hours of casting and were transferred to curing tank where in they were allowed to cure for 28 days.
The strain gauges of 350 resistance capacity and a gauge factor of 2.1 have been used to note the strain values. After the strain
gauges have been attached to the specimens , they were tested under compression testing machine of capacity 200 tons. Split
Tensile strength was calculated as follows as split tensile strength: Split Tensile strength (MPa) = 2P / © DL, Where, P = failure
load, D = diameter of cylinder, L = length of cylinder.
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Fig. 3.5: Cylindrical specimens after plit tensile testing

V. DETAILS OF MECHANICAL PROPERTIES OF CONCRETE AFTER TESTING

After 28 days of curing the specimens were tested as obtain compressive strength and tensile strength were as follow:
Table - 4.1:
Details of modulus of elasticity in compression

Grade of concrete | Size of aggregate | % of steel fibers | Compressive Strength f,(N/mm?) | Tensile Strength f,(N/mm?)
0 37.3 3.4
0.5 4253 4.1
M30 20mm
1 53.03 4.4
1.5 48.5 45
16mm 0 33.92 3.5
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0.5 33.66 4.2
M30 1 42.37 4.4
15 30.37 4.45
0 30.66 35
0.5 37.03 4
M30 10mm 1 4822 13
15 45,55 4.3
0 57.55 4.3
0.5 60.11 4.8
M50 20mm 1 64.34 5
15 63.24 5.3
0 56.22 4.1
M50 16mm 0.5 60.0 4.8
1 64.20 5.2
15 63 5.3
0 56.20 4.2
0.5 59.83 4.82
M50 10mm 1 ol T
15 62.56 5.45

V1. CONCLUSIONS

Based on the tests on compression and split tensile tests of cylindrical specimens, the following conclusions have been drawn:

1) The compressive strength is found to be maximum when the aggregate size is 20 mm.

2) The effect of steel fiber on compressive strength and tensile strength is predominant.

3) The compressive strength and tensile strength were found to be increased with the increase in the volume fraction of
steel fiber.

4) The compressive strength and tensile strength were found to be maximum when the fiber volume is 1.5%.

5) Eventhough there is a reduction in compressive strength of concrete in M50 grade, it can be concluded that there was no
significant effect of aggregate on the compressive strength property of concrete.

6) Similarly there is no significant effect of aggregate on the tensile strength property of concrete both in M30 and M50
grades of concrete.

REFERENCES

[1] Banthia,N,Chokri,K, and Trottier,JF,1995. Impact tests on Cement-Based Fiber Reinforced Composites. ACI Publications, Detroit, USA, SP, 155-9,
pp.171-188

[2] Khaloo, A R and Kim, N, 1997. “Influence of Concrete and Fiber Characteristics on Behaviour of Steel Fiber Reinforced Concrete under Direct
Shear”. ACI Materials Journal, 94, No. 4, pp. 592-601.

[3] AM Shende et al. “Comparative Study on Steel Fiber Reinforced cum Control Concrete” International Journal of Advanced Engineering Sciences
and Technologies Vol. No. 6, Issue No. 1, 116 — 120.

[4] Osman Gencel et al. “Workability and Mechanical Performance of Steel Fiber-Reinforced Self-Compacting Concrete with Fly Ash” Composite
Interfaces 18 (2011) 169-184.

[5] Johnston, CD, and Zemp, WR, 1991. “Flexural Fatigue performance of Steel Fiber reinforced concrete- Influence of Fibre Content, Aspect Ratio, and
Type”. ACI Material Journal, 88, No.4, pp. 374-383.

[6] Mohammed Alias Yusof et al., “Mechanical Properties of Hybrid Steel Fiber Reinforced Concrete with Different Aspect Ratio.” Australian Journal of
Basic and Applied Sciences, 5(7): 159-166, 2011

[7] Elsaigh, WA and Kearsley,EP,2002.”Effect of Steel Fiber Content on Properties of Concrete”. Journal of Concrete/Beton, South Africa, No 102, pp. 8-
12.

[8] Johnston Gopalaratnam, V.S. and S. Shah, 1987. “Failure mechanism and Fracture of fiber reinforced concrete, Fibre reinforced concrete — Properties
and Application”, American Concrete Institute, Detroit, pp: 1-25

[9] Er Prashant Y.Pawade et al. “Effect of Steel Fibers on Modulus of Elasticity of Concrete” (IJAEST) International Journal of Advanced Engineering
Sciences and Technologies Vol No. 7, Issue No. 2, 169 — 177

[10] Saravana Raja Mohan. K, Parthiban. K “Strength and behavior of Fly Ash based Steel Fiber Reinforced Concrete Composite.

[11] J. Mater. “Mechanical Properties of Steel Fiber Reinforced Concrete”, Journal of Materials in Civil Engineering, Volume 19, Issue 5, 2007

[12] IS: 383-1970, “Indian standards specification for coarse and fine aggregates from natural sources for concrete”, Bureau of Indian Standards, New
Delhi

All rights reserved by www.ijirst.org 498



