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ABSTRACT

The evident rise of cement demand in some developing countries as well as the upsurge
concerns on environmental issues regarding to cement resources and solid waste
dumping has call for the usage of alternative cement materials from different sustainable
resources that can deliver less negative impacts to the environment. The usage of
Eggshells Powder (ESP) is commendable as an alternative for cement due to its similar
chemical composition with the Ordinary Portland Cement (OPC) where both materials
are principally composed of Calcium Carbonate (CaO). The Eggshells Powder (ESP)
used in this study is a food waste from a bakery shop whereby the utilisation of food
waste as a partial replacement material in concrete mix corresponds with the significant
efforts on addressing environmental issues on solid waste dumping caused by rapid
urbanisation in most developing countries. In this sense, environmental issues can be
potentially resolved by recycling the food waste to produce applicable construction
components. Therefore, this research deals with the viability and suitability of food
waste material in concrete mixes. The objective of the research is achieved into four
main phases which are determination of chemical and physical properties of ESP,
designation of mix proportions of ESP using the replacement level of 0%, 1% and 2.5%
with w/c ratios 0.47, 0.55 and 0.70 and the specimens were tested for 3 to 28 days,
consideration of engineering properties including compressive and flexural which are
important for the performance evaluations of the ESP concrete as compared to the
natural cement concrete (NCC) and assessment of the durability performance of ESP
concrete, where resistance to carbonation and sulphate attack were conducted.
Consistency, setting time, compressive strength, flexural strength, carbonation depth
and sulphate attack test were subsequently. From the strength point of view with various
wi/c, the ESP concrete compared well with the natural cement concrete. The mechanical
properties of ESP concrete increased with the proportion of natural cement. The results
indicated that higher concrete strength was obtained from the mixtures with optimum
percentage of 2.5% ESP as a replacement of the cement for all various w/c used. The
compressive strength of the ESP concrete is found to be higher than NCC, showing that
the higher the wic ratio, the lower the strength of the concrete. As for durability, ESP
concrete produces higher durability at low wi/c ratio exhibited good durability
performance compared to NCC. It was found that it is feasible to utilise ESP as a partial
cement replacement with the percentage replacement of cement up to 2.5% and its
potential for reduction of cement demand as well as to address the environmental
problems.



ACKNOWLEDGEMENT

In the name of Allah, the Most Gracious and the Most Merciful. Alhamdulillah, all
praises to Allah for the strengths and His continuous grace and mercy was with me
throughout my life and ever more during the tenure of my research. This thesis has been
kept on track and been seen through to completion with the support and encouragement
of numerous people including my well-wishers, my colleagues and various institutions.
To express my thanks to all those who contributed in many ways to the completion of
this study and made it an unforgettable experience for me.

First and foremost, | would like to convey sincere gratitude to my Academic Supervisor,
Assoc. Prof. Dr Mohamad Nidzam Rahmat for providing necessary infrastructure and
resources to accomplish my research work. This work would not have been possible
without his guidance, support and encouragement. To my Co-Supervisor, Assoc. Prof.
Zarina Yasmin Hanur Harith, 1 would like to thank for the patient guidance and advice
she has provided throughout my study. Under her guidance | successfully overcame
many difficulties and learned a lot. Her unflinching courage and conviction will always
inspire me.

I am also thankful to Mr. Sek Wai Kian from Perak Hanjoong Simen Sdn. Bhd. for their
technical support and information regarding to cement manufacturing process. | would
also like to thank to the concrete laboratory staff, En Mohd Rizza for his kind help in
fulfilling my lab facilities, needs and supplies during the research.

Particular thanks goes to my family. | owe everything to my family who encouraged
and helped me at every stage of my personal and academic life and longed to see this
achievement come true. | dedicate this work to my sincere and generous father, Ujin
Bin Suling and my loving mother, Yatinah Binti Abin. Every breath of my life and drop
of blood in my body is dedicated to my family.

I should not forget to acknowledge to my cubicle colleagues and friends for discussions,
suggestions and criticism. Many people have participated in the experiments for this
research. | would like to specially thanking to all of you for the help and continuous
spiritual support until the completion of this research.

| thank all those who have helped me directly or indirectly in the successful completion
of my thesis. Anyone missed in this acknowledgement are also thanked. Again, | would
like to thank everyone who supported and helped me during this study.



TABLE OF CONTENT

Page

CONFIRMATION BY PANEL OF EXAMINERS i
AUTHOR’S DECLARATION i
ABSTRACT \Y;
ACKNOWLEDGEMENT \
TABLE OF CONTENTS Vi
LIST OF TABLES X
LIST OF FIGURES Xii

LIST OF PLATES Xiv
LIST OF SYMBOLS XV

LIST OF ABBREVIATION/NOMENCLATURE Xvii
CHAPTER ONE: INTRODUCTION 1
1.1 Rational 1
1.2 Problem Statements 2
1.3 Aims and Objectives 3
1.4 Scope of Study 3
1.5 Research Significance 4
1.6 Limitation of Study 6
CHAPTER TWO: LITERATURE REVIEW 7
2.1 Introduction 7
2.2 Introduction to Malaysia’s Cement Industry 8
2.2.1 Issue of Cement By-products 8

2.2.2 Overview on Waste 9

2.2.2.1 Waste Material Utilization 10

2.3 Eggshells Powder as a Pozzolanic Material 10
2.3.1 Properties of Eggshells Powder 11
2.3.1.1 Standard Consistency 11

2.3.1.2 Setting Time 12

Vi



2.3.1.3 Chemical Composition of Eggshells Powder

2.4 Characteristics of Fresh Concrete with Eggshells Powder

2.4.1 Effect on the Workability

2.5 Mechanical Properties of Concrete

2.5.1 Curing Conditions
2.5.2 Compressive Strength
2.5.2.1 Factor Affecting the Strength of Concrete
a) Constituent Material
b) Method of Preparation
c) Water Cement Ratio
d) Influence of Age
2.5.3 Flexural Strength

2.6 Durability of Concrete

2.6.1 Factors Affecting Concrete Durability
2.6.2 Carbonation of Concrete
2.6.2.1 Mechanism of Carbonation
2.6.2.2 Effect of Carbonation
2.6.2.3 Carbonation Penetration Evaluation
2.6.2.4 Influence of Cement on Carbonation
2.6.3 Sulphate Attack
2.6.3.1 Mechanism of Sulphate Attack
2.6.3.2 Types of Sulphate Attack and Mode for Sulphate Attack

Determination

2.7 Past Experimental Study on Eggshells Powder as Cement Replacement

in Concrete and Gap Analysis

2.8 Summary

CHAPTER THREE: MATERIALS CHARACTERISTICS,
PRELIMINARY WORK AND TESTING PROCEDURE
3.1 Introduction

3.2 Material Used

3.2.1 Ordinary Portland Cement
3.2.2 Eggshells Powder

vii

13
14
15
16
16
17
19
19
19
20
21
21
23
24
24
25
25
26
27
29
29
30

32

40

41

41

43

43
43





