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ABSTRACT 

The major concern on the deterioration of reinforced concrete structure is due to the 
corrosion of steel reinforcement from the aggressive environment such as chloride 
penetration. Ultra-high performance concrete (UHPC) is an advanced concrete material 
having ultra-high strength with excellent durability properties. Inclusion of nano 
metaclay in UHPC is expected to overcome the chloride penetration resulting corrosion 
of steel embedded in UHPC by providing nano filler effect. In this study, chloride 
penetration resistance characteristics of concrete and corrosion steel embedded in 
concrete specimens were investigated. Four (4) types of concrete were cast namely 
normal performance concrete (NPC), high performance concrete (HPC), ultra-high 
performance concrete (UHPC) and a series of nano metaclayed-UHPC. The raw nano 
clay underwent the calcination process to produce nano metaclay and its chemical 
composition and morphology properties were determined by using X-Ray Diffraction 
(XRD) and Scanning Electron Microscope (SEM), respectively. The nano metaclayed-
UHPC mixes were designed based on 1%, 3% and 5% levels of replacement of nano 
metaclay to Ordinary Portland Cement (OPC). The hardened concrete properties were 
examined in terms of compressive strength and chloride resistance characteristics. For 
chloride resistance characteristics, three (3) assessments were conducted which are 
chloride content, chloride depth and rapid chloride permeability. HACH spectrometer 
and colorimetric spray method were carried out to evaluate chloride content and 
chloride depth inside the immersed concrete specimens, respectively. Meanwhile, rapid 
chloride permeability test (RCPT) was carried out to determine the Coulombs charge 
passed through the concrete specimens. For corrosion monitoring, the steel embedded 
in concrete specimens were assessed by using half-cell potential and Fibre Bragg 
Grating (FBG) strain sensor. Finally, the change in pH of reinforced concrete and 
weight loss of corroded steel were examined. All the concrete specimens were 
immersed in 3% NaCl solution up to 365 days and the tests conducted were performed 
at 3, 7, 28, 56, 91, 182 and 365 days. It was found that UHPC1 which is inclusion of 
1% nano metaclay in UHPC enhanced the compressive strength up to 10% 
corresponding to the plain UHPC. The results exhibited that UHPC1 demonstrated a 
superior performance in term of chloride penetration resistance. It is also noticeably that 
the corrosion potential of embedded steel in concrete recorded by half-cell potential can 
be explained by the variations in strain changes recorded by FBG sensor. It is 
demonstrated that inclusion of 1% nano metaclay significantly and positively affect 
corrosion resistant for embedded steel in concrete and these can be detected using both 
techniques. Moreover, Response Surface Method (RSM) was performed to determine 
the relationship. Based on RSM analysis, inclusion of nano metaclay in UHPC have 
strong relationship towards the strength, chloride resistance characteristics and 
corrosion resistance for its embedded steel reinforcement. Considering all these test 
results, it was attained that 1% of nano metaclay in UHPC exhibits excellent 
compressive strength and adequate durability performance in terms of chloride 
penetration resistance and delayed the embedded steel in concrete to corrode. 
 



v 

ACKNOWLEDGEMENT 

In the name of Allah S.W.T. the most gracious and most merciful, Lord of the Universe, 
with His permission Alhamdulillah the study has been completed. Praise to Prophet 
Muhammad S.A.W., His companions and to those on the path as what He preached 
upon, might Allah Almighty keep us His blessing and tenders. 

I wish to express my gratitude to my supervisor, Professor Dr. Hjh. Hamidah Mohd 
Saman for her supervision, valuable guidance, advices, reviewing my thesis and 
suggestions, support and encouragement that enable me to complete my thesis report. I 
also wish to express deepest gratitude to my co-supervisor, Professor Dr. Azmi Ibrahim 
for technical advice, sharing ideas and information with me. This study would not have 
been possible without their utmost capability and intelligence. Heartfelt thanks also to 
Ministry of Higher Education (MOHE) and Universiti Malaysia Pahang (UMP) for 
providing scholarship. 

A millions of thanks to the staffs, technicians and parties from Faculty of Civil 
Engineering, Universiti Teknologi MARA (UITM), Shah Alam those involved directly 
or indirectly for their advice and assistance towards this study success. Special 
appreciation to all technicians at Concrete, Heavy Structure, Non-Destructive Test and 
Environmental Laboratories at Faculty of Civil Engineering, UITM Shah Alam. Also 
thanks to all technicians at Heat Treatment Laboratory, Faculty of Mechanical, UITM 
Shah Alam. The knowledgeable and unreplaceable memories will be embedded forever. 

I owe tremendous appreciation to my family, especially to my beloved parents, Md Jaafar 
Kolan and Jaliah Hussin, whose great understanding and their generous support in every 
way. Last but not least, my gratitude also goes to my colleagues who helped me to maintain 
my faith in humanity and encourage me especially to Dr. Muhd Norhasri Muhd Sidek for 
the support and motivation during the tough time throughout the duration of this study. 

Thank you so much and may Allah S.W.T the Almighty be with us all the time. Only Allah 
S.W.T could repay for the kindness and supports given. Amin Ya Rabbal Alamin. 

 

 

JPRIU
Highlight



vi 

TABLE OF CONTENT 

 Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR’S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENT vi 

LIST OF TABLES xiiiiii 

LIST OF FIGURES xviii 

LIST OF PLATES xxiv 

LIST OF SYMBOLS xxviii 

LIST OF ABBREVIATIONS xxx 

 

 
CHAPTER ONE:  INTRODUCTION 1 

1.1 Background of Study 1 

1.2 Problem Statement 4 

1.3 Objectives of Study 6 

1.4 Scope of Study 6 

1.5 Significant of Study 10 

 

CHAPTER TWO:  LITERATURE REVIEW 11 

2.1 Introduction 11 

2.2 Recent Development of Concrete Technology 13 

2.3 Development of Ultra-High Performance Concrete (UHPC) 17 

2.4 Incorporation of Various Nano-Sized Supplementary Cementitious 

Materials in UHPC 

21 

2.5 Chloride Resistant Characteristics of UHPC Incorporated Nano-

Materials 

29 

 2.5.1 Effect of Nano Materials to Chloride Resistant Characteristics 

 

30 



vii 

 2.5.2 Effect of Water to Cement Ratio and Superplasticiser to Chloride 

Resistant Characteristic 

34 

 2.5.3 Chloride Diffusion of UHPC 36 

 2.5.4 Chloride Permeability of UHPC Incorporating Nano Materials 

using RCPT 

38 

2.6 Corrosion of Embedded Steel Reinforcement in UHPC 42 

 2.6.1 Mechanisms of Corrosion in Steel Reinforcement 43 

 2.6.2 Factors Affecting Corrosion of Reinforcement Steel Bar 46 

2.7 Review on Techniques for Corrosion Monitoring 50 

2.8 Corrosion Initiation Monitoring Evaluation Techniques for Embedded 

Reinforcement Steel in Concrete 

52 

 2.8.1 Corrosion Potential using Half-Cell Potential to Monitor the 

Corrosion of Steel Reinforcement Embedded in Concrete 

52 

 2.8.2 Fibre Optic Sensing Technique to Monitor Corrosion of Steel 

Reinforcement Embedded in Concrete 

57 

2.9 Prediction Mathematical Equation using Design Expert Software 61 

2.10 Summary of Literature Review and Gap Analysis 64 

 

CHAPTER THREE:  RESEARCH METHODOLOGY 67 

3.1 Introduction 67 

3.2 Preparation of Materials and Production of Nano Metaclay 69 

 3.2.1 Cement 69 

 3.2.2 Coarse Aggregate 70 

 3.2.3 Sand 71 

 3.2.4 Water 71 

 3.2.5 Chemical Admixture 71 

 3.2.6 Mineral Admixture 72 

  3.2.6.1  Silica Fume 73 

  3.2.6.2  Nano Clay 74 

  3.2.6.3  Calcination Process of Nano Clay 75 

 3.2.7 Particle Size Distribution of Nano Clay and Nano Metaclay 76 

 3.2.8 Steel Reinforcement 79 

3.3 Establishment of Concrete Mix Proportion 80 




