IJSART - Volume 7 Issue 5 — MAY 2021

ISSN [ONLINE]: 2395-1052

Experimental Study on Effect of Different Types of
Steel Fibers on Properties of Concrete

Bodanki Venkat Rao?, Anusuri Uma Maheswari?
1Dept of Civil Engineering
2Assistant Professor, Dept of Civil Engineering
1.2 Chaitanya Engineering College, Kommadi

Abstract- Concrete is one of the world most widely used
construction material. However, since the early 1800’s, it has
been known that concrete is weak in tension. Weak tensile
strength combined with brittle behavior result in sudden
tensile failure without warning. This is obviously not desirable
for any construction material. Thus, concrete requires some
form of tensile reinforcement to compensate its brittle
behavior and improve its tensile strength and strain capacity
to be used in structural applications. Historically, steel has
been used as the material of choice for tensile reinforcement
in concrete. Unlike conventional reinforcing bars, which are
specifically designed and placed in the tensile zone of the
concrete member, fibers are thin, short and distributed
randomly throughout the concrete member. In this study, an
experimental investigation is conducted to find the effect of
different types of steel fibers on strength parameters of M40
and M60 grade concrete using fibers like straight fiber,
crimped fiber and hooked fiber.

Keywords- About crimped fiber, hooked fiber, straight fiber,
steel fiber reinforced concrete.

I. INTRODUCTION

Concrete is most widely used in construction.
Concrete undergoes brittle failure as concrete is weak in
tension. To increase the tensile strength carrying capacity of
concrete different types of fibers can be incorporated in
concrete. Concrete containing steel fiber have been shown to
have substantially improved resistance to brittle failure. In this
thesis different types of steel fibers like straight fiber, crimped
fiber and hooked fiber at varying percentages from 1% to 3%.

1. MATERIALS
The following are the materials used in this project.
A. Cement
OPC 53 grade cement was adopted. Specific gravity

of cement was ascertained as 3.15 using pycnometer
apparatus.
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B. Fine Aggregate

Fine aggregate i.e. Sand confirming to Zone-IlI of IS:
383-1970, is used for concrete.

C. Coarse Aggregate

Coarse aggregate i.e. crushed stone chips of size 4.75
- 20 mm confirming to IS: 383-1970.

D. Water

Potable water free from impurities and deleterious
materials was used for mixing and curing in this thesis.

E. Steel Fibers

In this experiment Straight Steel Fibers, Crimped
Steel Fibers and Hooked Steel Fibers are used.

0] Straight Steel Fibers:

These steel fibers are pieces of steel wires from 0.3 to
1.1 mm in diameter and having length of 50mm.
(i) Crimped Steel Fibers:

These steel fibers are either made up of carbon steel
or stainless steel. The length of this fiber is normally less than
150mm. The length to diameter ratio typically ranges from 30
to 100 mm.

(iii) Hooked Steel Fibers

These steel fibers can be used with any concrete mix.
The length to diameter ratio typically ranges from 30 to 100
mm.

I1l. METHODOLOGY

All the materials are proportioned according to the
required mix design and are mixed well in a concrete mixer.
First cement and sand is mixed well until a uniform colour is
obtained. Then coarse aggregate is added to the above
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mixture. After that water and required type of steel fiber of
required aspect ratio is added to the above mix. It is then
mixed well for about 3 to 5 minutes.

IV. RESULTS & DISCUSSIONS
(a) Compressive Strength Test

In the present investigation the cubes were casted
with steel fiber reinforcement, and tested. The dimensions of
the cube are 150X150X150 mm in accordance to IS 456-
2000. The casted cubes kept for curing and tested after 3days,
7days, and 28days and the capacity of concrete cube noted in
KN .i.e force (P) by placing on any one side of the cube. The
cross sectional area (A) of cube is 225cm2. . This work is
carried out for grades of M40 & M60 at 3days, 7days and 28
days. The compressive strength is represented in N/mm2. The
Mathematical representation of  compressive strength oc
=P/A.

Table 1: Compressive Strength for M40 grade concrete
{2) For M40 Grads Concrats

TYPE FIEER. AVERAGE COKMPRESSIVE
CONTENT | STRENGTH (/mm’)
(% I 7 18
'-\.D.']
DAYS | DAYS | DAYS
T=m T 16.7 160 |403
% 172 265 | 403
Straight Steel 777 150 80 [420
Fibar % 175 | 270 |41%
T 178 172 423
Crimpad % 183 [3683 4473
SteelFiber 7797 150 75 [413
T 185 174 440
Hooked Steel 7777 192 9.7 | 480
Fiber % 157 [ 280 | 445
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Graph 1: Compressive Strength for M40 grade concrete
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Table 2: Compressive Strength for M60 grade concrete
(a) For M60 Grade Concrete

TTEE FIEEE AVEFAGE COLPRESEIVE
CONTENT | STRENGTH (M/mm’)
(%) I T IE
DAYS | DAYS | DAYS
Tlen T 20 | 413 60.3
T 235 | 420 61.8
Straight Steel o7 17 442 62.7
Fibar 5T 730 | 433 62.0
I 237 | 438 624
Crimpad T 232 | 456 63.6
SteelFiber 241 | 440 | 628
T 254 | 443 529
Hooked Steal 75 267 46.8 64.0
Fihar T 258 | 450 63.2
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Graph 2: Compressive Strength for M60 grade concrete

(b) Split Tensile Strength Test

Generally the split tensile strength will be predicted
by using cylinders of diameter 150mm and depth or height of
300m placing longitudinally and applying force by machine.
This work is carried out for grades of M40 & M60 at 3days,
7days and 28 days.

Split Tensile strength (MPa) = 2P / n DL, Where, P = failure

load, D = diameter of cylinder,
L = length of cylinder
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Table 3: Split Tensile Strength for M40 grade concrete
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Graph 3: Split Tensile Strength for M40 grade concrete

Table 4: Split Tensile Strength for M60 grade concrete

(2) For M40 Grads Conerata
TIPE FIBEER AVEFAGE | AVERAGE
CONTENT | 7DAYS 2EDAYS
{%a) TENSILE TENSILE
STEENGTH | STRENGTH
(N/mm®) (N/mm”)
Flain PE 1.53 3150
% .00 160
Straight Ste=l | I%0 I3 1I0
Fibar 1% 201 4.00
5 I3 400
Crimpad % 30 1Ig
3taal Fibar R 200 4.00
| & .03 100
Hooksd Steel [ 1% ] ELT
Fiber 1% I3 413

SPLIT TENSILE STRENGTH VALUES for M40 Grade Coacrete
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(a) For M40 Grade Concrete

TYTE FIEER | AVEFAGE | AVERAGE
CONTENT | 7DAYS | 28 DAYS
(%) TENSILE | TENSILE
STRENGTH | STRENGTH
(N/mm) (M/mm)
Tlin % 107 147
% T11 736
Straight Stesl [T% ERE 183
Fiber T ERE! 737
% 117 357
Crimpad T% 113 TEE
Steel Fiber [ 3% 119 738
T% II7 T8l
Hooked Steal [ 7% T30 173
Fiber 1% 130 185
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Graph 4: Split Tensile Strength for M60 grade concrete

(c) Flexural Strength Test

SPLIT TENSILE STRENGTH VALUES for M60 Grade Concrete
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Modulus of rupture was tested by prisms with
(100x100x500) mm. The flexural
strength (modulus of rupture) is calculated using the formula.

dimension o

f

M.O.R = 3PL /2BD?

Table 5: Flexural Strength for M40 grade concrete
(a) For M40 Grade Concrete

[TTEE TIEEE AVEITALE | AVERAGE | AVERAGE
CONTENT | 3 DAYS TDAYS 23 DAY
{24 FLEXURAL | FLEXURAL | FLEXURAL
STRENGTH | STRENGTH | STRENGTH
(N/mm) (/') M/
Flain % 33 pJEN) T30
Straight | [7a 138 I32 130
Steal % 159 110 300
Fibar kX 1.33 2.50 450
Crimp=d | 170 1358 152 70
Staal % T.78 13I8 320
Fiber T TED 310 312
Hookad | I 159 107 710
Staal T TEs 130 T30
Fiber T 74 113 320
Table 6: Flexural Strength for M60 grade concrete
(a) For M60 Grade Concrete
TTTE FIEEE AVETACE | AVERADE | AVERAE
CONTENT | 3DATS TDAYS 28 DATS
) FLEXURAL | FLEXURAL | FLEXURAL
STRENGTH | STRENGTH | STRENGTH
(Nmm') (Himm’) (N mm)
Flein T 1.58 ER 542
Straight | 190 152 3.60 5.55
Staal 7% 157 374 568
Fibar T 1.54 370 a7
Crimped | 19% 156 3Tl 5.54
Staal 7% .02 el LX)
Fibar K} 157 31 .60
Hookad | 1% 2.01 376 565
Staal 7% 215 385 576
Fibar K} .00 305 .64
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V. CONCLUSIONS

In this study, different types of steel fibers were used
produce fiber reinforced concrete. The following

conclusions were obtained from this study:

[1]

[2]

[3]

[4]

[5]

[6]

[7]

1) The 3,7 and 28 days compressive strength concrete
with hooked steel fibers is maximum at a fiber
percentage of 2%.

2) The 3, 7 and 28 days splitting tensile strength of
concrete with hooked steel fibers is maximum at a
fiber percentage of 2%.

3) The 3,7 and 28 days flexural strength of concrete
with hooked steel fibers is maximum at a fiber
percentage of 2%.

4) The optimum percentage of diff erent type of steel
fiber was found to be 2 percentage. Hooked steel
fibers at 2% addition to Concrete was found to be the
most efficient mix.
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