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ABSTRACT 

 

Concrete, when exposed to high temperature, can cause spalling, cracking, and severe 
damage, which could lead to sudden collapse of a building. One of the solutions for 
overcoming this weakness of concrete is by incorporating fibres in the concrete mix. 
Concrete incorporated with more than one type of fibres is often known as Hybrid 
Fibre Reinforced Concrete (HFRC). HFRC offers numerous benefits in terms of its 
physical properties such as compressive and flexural strength, and microstructural 
properties such as cement-aggregate interfacial bond, micro-crack and pore structure. 
This study employs two different fibres incorporated with HFRC which are steel fibre 
(SF) and polypropylene fibre (PPF) to provide better mechanical and durability 
properties compared to other combination of hybrid fibres. To determine the 
resistance of high-performance concrete with fibres on its physical and microscopic 
behaviours when it is exposed to elevated temperatures ranging from 200°C to 800°C, 
compression test and 3-point bending test are conducted. The HFRC was prepared by 
incorporating 0.5% SF and 0.5% PPF with high strength concrete grades 50 and 60. In 
general, it was found that combination of PPF and SF in the HFRC inhibited cracks in 
concrete and improved both the compressive and flexural strengths even after it was 
exposed to high temperatures. Scanning Electron Microscope (SEM) was used to 
study the microstructural properties of HFRC in terms of cement-aggregate interfacial 
bond, micro-crack and pore structure. As a result, from compressive and flexural tests, 
it was found that the failure mode of the hybrid concrete delayed significantly 
compared to the control concrete samples. The test result of the HFRC also indicates 
as the highest percentage of improvement in terms of the mechanical properties i.e. 
residual strengths of compressive and flexural with 60% and 39%, respectively. It was 
shown that the HFRC has effectively improved in physical properties i.e. bonding and 
lowering the tendency of spalling at high temperature due to bridging effect of SF and 
the cement-aggregate interfacial improvement bond resulted from the micro-pores 
filled by melted PPF that was observed from the SEM analysis. Thus, the use of the 
HFRC can be very effective in improving the physical, mechanical and microscopic 
properties of HFRC after being exposed to high temperatures. 

 

 



v 
 

ACKNOWLEDGEMENT 

 

Firstly, I wish to thank God for giving me the opportunity to embark on my Masters 
and for completing this long and challenging journey successfully. My gratitude and 
thanks go to my supervisors, Dr. Clotilda Petrus, Dr. Goh Lyn Dee and Dr. Anizahyati 
Alisibramulisi; thank you for the supports, patience and ideas in assisting me with this 
research project. I also would like to express my gratitude to the staff of the UiTM 
Pulau Pinang Civil Engineering Heavy Laboratory, especially Mr. Saleh, Mr. Fendi, 
Mr. Habib, and Mr. Faizul for providing the facilities, knowledge and assistance. 

My appreciation goes to Madam Zarina and Madam Azura from SIRIM Shah Alam 
who provided the facilities and assistance during Scanning Electron Microscopic 
(SEM) testing. Special thanks to my colleagues and friends for helping me with this 
project. 

Finally, this thesis is dedicated to my dear family especially my husband, my parents 
and parents in law for the vision and determination to educate and support me. This 
piece of victory is dedicated to all of you. Alhamdulilah. 

 

 

 

  

 



vi 
 

TABLE OF CONTENTS 

Page 

CONFIRMATION BY PANEL OF EXAMINERS         ii 

           iii 

ABSTRACT                  iv 

ACKNOWLEDGEMENT             v 

TABLE OF CONTENTS            vi 

LIST OF TABLES             ix 

LIST OF FIGURES              x 

LIST OF SYMBOLS           xii 

LIST OF ABBREVIATIONS         xiii 

LIST OF NOMENCLATURES         xiv 

 

CHAPTER ONE:  INTRODUCTION           1 

1.1  Research Background                                                                                               1 

1.2  Problem Statement                                                                                                   2 

1.3  Research Objectives                                                                                                 5 

1.4  Scope of Works                                                                                                        6 

1.5  Significance of the Research                                                                                    7 

 

CHAPTER TWO:  LITERATURE REVIEW          9 

2.1  Introduction                                                                                                               9 

2.2  Concrete                                                                                                                    9 

 2.2.1  Normal Strength Concrete (NSC)                                                                10 

 2.2.2  High Strength Concrete (HSC)                                                                    10 

 2.2.3  Polypropylene Fibre (PPF)                                                                           11 

 2.2.4  Steel Fibre (SF)                                                                                            12 

 2.2.5  Hybrid Fibre Reinforced Concrete (HFRC)                                                 14 

 2.2.6  Temperature and Time Effect                                                                       15 

2.3  Physical and Mechanical properties                                                                       18 


