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ABSTRACT

Steel fibers are generally used as resistance of cracking and strengthening of
concrete. According to previous research, it has been found that steel fiber (SF)
reinforced concrete beam had higher flexural strength compared to conventional
reinforced concrete beam. In this research, flexural performances of steel fiber
reinforced concrete beams were studied for concrete grade 35. Optimum fiber
content was found to be 1% and this was determined using compressive strength test
with different SF dosages (0%, 1% and 2%). Mechanical properties of steel fiber
reinforced concrete were determined through compressive strength, tensile strength
and flexural strength. The result indicates that there is a slight increment in
compressive strength and splitting tensile strength of SFRC of about 15% and 30%,
respectively compared to control sample. The flexural strength shows a significant
increase of more than 100% at 28 days compared with the control sample. The
flexural behavior of steel fiber reinforced concrete beams at 28 days were studied
under four points loading and the results were compared with conventional
reinforced concrete beam. Beam 1 and Beam 3 failed at almost the same ultimate
load. This shows that reinforcing the tension zone only has the same effect to that of
reinforcing in both tension and compression zones. Beam 2 with steel fiber has
slightly higher ultimate load, although the area of reinforcement was reduced. The
use of steel fiber in concrete shows a significant improvement on the ductility and

stiffness characteristics of the beams than the control beam.
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ABSTRAK

Gentian keluli selalu digunakan untuk meningkatkan ketahanan konkrit
terhadap keretakan dan penguatan konkrit. Penyelidikan yang lepas menunjukkan
penggunaan getian keluli dapat meningkatkan kekuatan lenturan dibandingkan
dengan konkrit bertetulang biasa. Dalam Kkajian ini prestasi lenturan konkrit
bertetulang gentian keluli dikaji menggunakan konkrit Gred 35. Kandungan optima
gentian keluli yang diperolehi dan digunakan adalah 1% ditentukan menggunakan
ujian kekuatan mampatan dengan kandungan gentian berbeza (0%, 1% dan 2%).
Sifat-sifat mekanikal konkrit bertetulang bergentian keluli dikaji melalui kekuatan
mampatan, kekuatan tegangan dan kekualatn lenturan. Keputusan menunjukkan
peningkatan terhadap kekuatan mampatan dan tegangan masing-masing 15% dan
30%, berbanding dengan sampel kawalan. Kekuatan lenturan menunjukkan
peningkatan lebih dari 100% pada umur 28 hari berbanding dengan sampel kawalan.
Kelakunan lenturan rasuk konkrit bertetulang bergentian keluli pada umur 28 hari
ditentukan menggunakan ujian empat titik dan keputusannya dibandingkan dengan
rasuk kawalan. Rasuk 1 dan Rasuk 3 merekodkan kekuatan yang lebihkurang sama
semasa gagal. Ini menunjukkan penggunaan gentian keluli pada kawasan tegangan
sahaja menghasilkan kesan yang sama berbanding dengan penggunaan gentian keluli
pada kedua-dua kawasan tegangan dan mampatan. Rasuk 2 yang mempunyai gentian
keluli merekodkan kekuatan yang lebih walaupun mempunyai luas tetulang tegangan
yang kurang. Penggunaan gentian keluli dalam konkrit menunjukkan peningkatan

kemuluran dan kekukuhan rasuk berbanding rasuk kawalan.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Concrete is a material that is being used for building construction for years,
but it is weak in tension and brittle under stresses and impact loads. As a result, it
cannot support higher load and stresses that usually take place on concrete beams and
slabs resulting in cracks. Thus, it is necessary to look for ways of improving its
properties. The addition of steel reinforcement significantly increases the tensile
strength of the concrete in which it is in the form of continues reinforcing bars which
is put in structures to withstand the imposed tensile and shear stresses. In order to
produce concrete with homogenous tensile properties, the introduction of short fiber
comes into play. Fiber reinforced concrete (FRC) is a concrete containing
conventional materials which are cement, fine aggregate, coarse aggregate, water and
admixture plus short fibers. The idea of using steel fibers was brought in to remedy
the weakness of the concrete such as tensile strength, high shrinkage cracking and

low ductility.

Steel fiber concrete has an excellent tensile strength, flexural strength, shock

résistance, fatigue resistance, ductility, and crack arrest. They also improve the fresh



properties of concrete by reducing bleeding of water. It can be applied in various

engineering fields such as:

i.  Industrial floor to reduce damage to abrasion and impact.

ii.  In heavy machinery foundation to minimize damage due to vibration and
dynamic load.

iii. It can be used for pavement, for highways and airport runways overlays to
reduce both thickness and cracking.

iv. It could be commonly used for fabrication of precast products like pipes,
beams, stair case, wall panels, roof panels, manhole covers, permanent
formwork

v. Itcan also be used for tunnel lining and in concrete repair application.

The main reason for adding fiber to concrete matrix is to increase the
toughness and tensile strength which improve the deformation characteristic of the
composite. The composite properties such as crack resistance and an increase in
toughness of FRC depends on the mechanical properties and bonding properties of
fiber and matrix as well as the quantity and the fiber distribution within the matrix

[1]. Figure 1.1 shows different types of steel fibers used in construction.

Straight Hooked Paddled

Deformed Crimped Irregular

Figure 1.1  Types of steel fibers [2]



1.2 Background of the Study

In the past, attempts have been made to enhance the tensile properties of
concrete members by using conventional reinforced steel bars and also by applying
restraining techniques. Although both of these methods provide tensile strength to
the concrete members, however, they do not increase the inherent tensile strength of
the concrete itself [3]. Even though the concept of reinforced concrete (RC) has
eliminated one of the major weaknesses of concrete, namely, inability to resist tensile
forces, it still falls short of many more desirable properties like toughness, ductility,
control of cracking and energy absorption. This is basically because the
reinforcement component in RC is present in certain areas of the cross-section of the
structural member. In order to achieve all the above mentioned properties it is
essential to distribute the reinforcement uniformly throughout the cross-section. In
fact, about 65% of the fibers produced worldwide are now employed in the
construction of industrial floors, road pavements and slab-on-grade. Nevertheless,
the most widely used fiber types are the steel which is applied to reduce the area of
conventional reinforcement for the last 20years [4]. Steel fibers offer many
advantages when used in reinforced concrete, particularly economic and technical
advantages over conventional steel reinforced concrete, which include increasing the
strength capacity and enhancing crack control in concrete. Steel fibers have a unique
advantage over other type of fibers due to its high elastic-modulus, strong bonding

with the cement paste and ease to deform which improves the anchorage in concrete.

The strength of the concrete also plays a measurable part in influencing the
toughness characteristic. However, when the strength of the concrete matrix is
higher, the load bearing capacity of the short-fiber reinforced concrete will
experience a steeper and more sudden drop after the occurrence of the first crack. It
was also reported that the addition of steel fibers increases the critical load required
to reach the outset of macro crack significantly [5]. They further stated that 1%
volume content of steel fiber could eventually equal to the usage of about 0.15% of

flexural steel reinforcement.



If an increase in the tensile strength of the concrete is required, the use of
large proportions of short-fibers are optional, to reduce the number of micro-cracks.
On the other hand, for the control of macro-cracking, longer fibers should be adopted
as they are more efficient in that aspect. The fibers should be added last to the fresh
concrete in order to have a good mixture, care must be taken to ensure no clumps of
fibers and the fibers are rapidly moved from the entry point to the mixer. Otherwise,

they may be added onto the aggregate on the conveyor belt [6].

1.3 Problem Statement

Due to the weakness of concrete in tension, plain concrete develops plastic
cracking, and plastic shrinkage even before loading. Under load the concrete is brittle
in character which fails easily, making it unable to carry the load successfully. This
problem needs to be addressed to ensure the structures safe under impact and loading
condition. An alternative means have to be improvised in order to obtain material
having the same behavior in both tension and compression to be able to cater for the
safe functioning of structures. The use of short steel fibers has significant influence
in improving the cracking characteristics [7]. It can also improve the structural
behavior of a member, enhancing post cracking ductility and crack control. Studies
also show that, steel fibers can reduce the amount of transverse shear reinforcement
in beams while maintaining the required shear resistance. This research focus on
studying the flexural behavior of beams reinforced with steel fiber under different
stages for concrete grade M- 35.



1.4 Objectives of the Research

The main objectives of this research are as follows:

I.  To determine the optimum percentage of steel fiber in concrete mix.
ii.  To study the fresh and hardened properties of steel fiber reinforced
concrete.
iii.  To investigate the flexural performance of steel fiber reinforced
concrete beams with different area of steel reinforcement.

1.5  Scope of the Research

The scope of this research focuses on the mechanical properties of steel fiber
reinforced concrete (SFRC) and the application of the SFRC on beams to study its
flexural performance under loads. The experimental program involves four beams,
one RC beam as a control and the remaining three (3) beams having an optimum
percentage of steel fiber (1%) with different cross-sectional area of steel

reinforcement.

1.6 Significance of the Study

The main purpose of reinforcing the concrete is to improve the tensile
strength of the concrete because concrete is good under compression but weak in
tension. In this research, mechanical properties of SFRC were determined after

which, the structural application of these steel fiber reinforced concrete on the beams



were investigated. Beam 3 has 50% SFRC in tension zone and 50% NC in
compression zone and this was compared with the beams having 100% SF.
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