NON-LINEAR FINITE ELEMENT ANALYSIS OF STEEL FIBRE
SELF COMPACTING REINFORCED CONCRETE BEAMS

AISYAHIRA BINTI MELAN

UNIVERSITI TEKNOLOGI MALAYSIA



NON-LINEAR FINITE ELEMENT ANALYSIS OF STEEL FIBRE
SELF COMPACTING REINFORCED CONCRETE BEAMS

AISYAHIRA BINTI MELAN

A project report submitted in fulfilment of the
requirements for the award of the degree of

Master of Engineering (Structure)

School of Civil Engineering

Universiti Teknologi Malaysia

AUGUST, 2018



To my beloved mother, Noribah binti Sadar, my supportive family and friends

for their love and encouragement.



ACKNOWLEDGEMENT

Bismillahirrahmanirrahim. In the name of Allah, the Most Gracious, the Most
Merciful. Alhamdulillah, all praise to Allah for his blessing of faith for me in
completing this master project report. | am thankful to Allah the Almighty for a

given opportunity to gain so much knowledge throughout this study.

First and foremost, | would like to thank my supervisor, Dr Roslli Noor
Mohamed, for everything, including the continuous support, motivation and
guidance in completing this study. In addition, | would like to express my gratitude
to my co-supervisor, Assoc. Prof. Dr. Redzuan Abdullah for his help, guidance and

support throughout my analysis.

In the nutshell, my deepest gratitude to my beloved mother, Noribah binti
Sadar, who have always been praying for my success other than giving me support as
well as motivation, and also to my late father, Melan bin Omar for his long-lasting
love and spirit that make me strong and motivated to complete my thesis. Also not

forget to my siblings for their encouragement and support.

Last but not least, to all my fellow friends especially Mas, Qurratu, Iman,
Shida, Jannah, Faiz and Farhan, thank you for the continued support and opinions.
May Allah bless each of you and may this work bring benefit to mankind. Thank you

very much.



ABSTRACT

Steel fibre reinforced concrete (SFRC) may be defined as a composite
material made with portland cement, aggregate, and incorporating discrete
discontinuous fibres. The role of randomly distributed discontinuous fibres is to
bridge across the cracks which provide post-cracking ductility. Through this study,
the models of reinforced concrete (RC) beam were developed by using finite element
method to observe and simulate the behaviour of RC beam in terms of cracking
pattern and the relationship between shear and deflection. The data on mechanical
properties such as tensile strength, compressive strength and flexural strength were
adopted from the previous study. By using LUSAS Software, a nonlinear analysis is
carried out where three beams were modelled considering the different type of
concrete mix namely Normal Concrete (NC), Self Compacting Concrete (SCC) and
Steel Fibre Self Compacting Concrete (SFSCC). SFSCC was used where the stirrups
were reduced to 50% in order to study the possibility of steel fibre to partly replaced
normal stirrups. The analysis observed that the addition of 1% steel fibre by volume
in plain concrete with the same number of stirrups produced 37.1% increment in
ultimate shear load resistance compared to control sample (NC125). Meanwhile, an
appreciable increase in strength was also recorded for the beam with increased
stirrups spacing, which is 31.8%. The addition of steel fibre in the concrete mix also
improved the ultimate deflection of the beam in the range of 15.6% and 35%. The
comparative study between Finite Element Analysis (FEA) and the experimental
result showed a small difference range, between 8% and 18%, thus, proving the

numerical prediction using LUSAS software.
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ABSTRAK

Konkrit tetulang dengan gentian keluli (SFRC) boleh didefinisikan sebagai
bahan komposit yang dibuat dengan simen portland, agregat, dan menggabungkan
gentian yang berasingan. Peranan gentian keluli yang ditabur secara rawak adalah
untuk merentasi keretakan seterusnya memberikan kemuluran semasa pasca-retak.
Melalui kajian ini, rasuk konkrit bertetulang (RC) dimodelkan dengan menggunakan
kaedah unsur terhingga (FEM) untuk memerhati dan mensimulasikan keadaan rasuk
RC dari segi corak retakan dan hubungan antara kekuatan ricih dan lenturan
rasuk.Ciri-ciri mekanikal seperti kekuatan tegangan, kekuatan mampatan dan
kekuatan lenturan diadaptasi dari kajian terdahulu. Dengan menggunakan perisian
LUSAS, satu analisis tidak linear dijalankan di mana tiga rasuk dimodelkan dengan
jenis campuran konkrit yang berbeza iaitu konkrit biasa (NC), konkrit mampatan
sendiri (SCC) dan konkrit mampatan sendiri dengan gentian keluli (SFSCC). Untuk
mengkaji potensi gentian keluli dalam mengantikan rakap biasa, SFSCC digunakan
di mana rakap dikurangkan kepada 50%. Analisis menunjukkan bahawa penambahan
gentian keluli sebanyak 1% dalam konkrit biasa dengan bilangan rakap yang sama
menghasilkan kenaikan kekuatan ricih sebanyak 37.1% berbanding dengan sampel
kawalan (NC125). Sementara itu, peningkatan kekuatan yang ketara juga direkodkan
pada rasuk dengan tambahan jarak rakap, iaitu sebanyak 31.8%. Penambahan gentian
keluli dalam campuran konkrit juga telah meningkatkan nilai lenturan rasuk iaitu
dalam julat 15.6% dan 35%. Kajian perbandingan antara analisis unsur terhingga
(FEA) dan hasil eksperimen menunjukkan perbezaan yang kecil, antara 8% dan 18%.

Hal ini membuktikan kesahihan ramalan berangka menggunakan perisian LUSAS.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Concrete has high compressive strength but weak in tension. Thus, it is
commonly reinforced with material that is strong in tension such as steel. Over the
years, reinforcement solutions to plain concrete in the form of steel bar have been
studied in many types of research and applications. Reinforced concrete structures
consist of a series of individual members that are interconnected to support the load
imposed on them. A complete building can comprise the structural elements such as
beams, slabs, columns, walls, foundations and stairs. This study focused on the
behaviour of the reinforced concrete beam when subjected to the load. Reinforced
concrete beam is a structural member that commonly used in the reinforced concrete
structure and particularly in precast structures. Generally, a beam is horizontal
members carrying lateral loads. Due to lower tensile strength of concrete, the shear
strength of beams can be improved with an addition of steel fibres (SF) in the
concrete mix to produce Steel Fibre Reinforced Concrete (SFRC). According to its
application, fiber volume percentage and fiber effectiveness, the behaviour of SFRC
can be classified into three group; i) very low volume fraction of SF (less than 1%
per volume of concrete), ii) moderate volume fraction of SF (1% to 2%), and iii) high

volume fraction of SF (more than 2%). Furthermore, steel fibre is one of the



materials that are strong in tension which can cooperate with the concrete to improve

their strength.

However, with the addition of steel fibre, the workability of concrete will
decrease. Further to this, the SCC mixes need a proper proportioning method since
steel fibres are reported to affect the shear yield stress and viscosity of fresh SCC.
Steel Fibre Self-Compacting Concrete (SFSCC) is recent hybrid materials that
collectively combine these two concrete types. The combination of SCC and SFRC
contribute to superior behaviour in the fresh and hardened state respectively. With an
improvement in flowability of concrete, SFSCC allows the concrete to be poured
easily and partially replace the traditional reinforcement bars. In fact, if the amount
of fibres that being introduced to the concrete is sufficiently high, the shear capacity
of SFSCC structure can be improved. Due to its ability to redistribute the stresses and
to bridge cracks with an improvement of the post-cracking behaviour and other
mechanical performance, SFSCC becomes a common alternative in both

conventional reinforced concrete and precast concrete industry.

The work presented in this study aims to examine the shear behaviour of
SFSCC reinforced concrete beam using non-linear finite element method. To
describe the non-linear behaviour of the beam, the effect of steel fibres is directly
modelled into the existing parameter of concrete that has been reported by previous
research. Finite element method is a powerful mathematical tool to analyse the
structure. It is proved to be effective in structural engineering where the critical
analysis with accuracy is an important parameter. In order to construct a
mathematical model for this analysis, the parameter of the beam needs to be
identified as they may influence the behaviour of the structure. The parameters could
be material and geometric properties of the structure, support conditions and applied
loads. In this study, models are generated using LUSAS Software as a tool. This
study focused on an application of finite element method of analysis for reinforced
concrete beams considering the different type of concrete; Normal Concrete (NC),
Self Compacting Concrete (SCC) and Steel Fibre Self Compacting Concrete
(SFSCC). The structural behaviour is observed and compared with experimental and

theoretical calculation.



1.2 Problem statement

A significant number of studies have been conducted on the shear
strengthening of RC beams with an addition of steel fibre in the concrete mix.
However, most of these studies have been experimentally based and only few
researches are available on the numerical modelling of such beams using the finite
element method. The lack of in-depth finite element studies is mostly due to the
challenging nature of modelling shear cracking in SFSCC beams and the interfaces
between different materials. As consequences of lacking in numerical analysis of
SFSCC beams, the purpose of the numerical simulation is to verify the experimental
result as well as to avoid tedious experimental work of subjecting the structure to
numerous fractures in future research. Besides, due to the high cost required to run
the experiment, the finite element can be an option to study the shear behaviour of

the beams. Thus, in future research, the time and money can be saved.

1.3 Objectives

There are four objectives that need to be assessed in this study. These are:

I. To distinguish the different properties between NC beam, SCC beam and
SFSCC beam in term of mechanical properties based on the experimental test

that has been conducted from the previous research.

ii. To develop the 2D model of NC beam, SCC beam and SFSCC beam using

nonlinear finite element analysis.

iii. To analysis the structural behaviours of the beam in terms of shear

resistances, deformations and cracking patterns.

iv. To compare the result from finite element analysis with experimental and

theoretical calculation.



1.4 Scope of work

The models of the reinforced concrete beams were developed by using finite
element method to observe and simulate the behaviour of the reinforced concrete
beam in term of failure mode, the relationship between shear and deflection and the
strain in concrete and steel. The properties for design purpose such as tensile
strength, compressive strength and flexural strength are adopted from the previous
study. The reinforced concrete beam models were analysed by using LUSAS
software. For design purpose, the models were assumed to be limited to 2-dimension
analysis modelling and the materials for precast concrete corbel were limited to
normal concrete (NC), self-compacting concrete (SCC) and steel fibre self-

compacting concrete (SFSCC).
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