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ABSTRACT

Plastics and rubbers are user friendly but not eco-friendly as they are non-
biodegradable. Generally, plastics and rubbers disposed by landfill treatment. However,
this practice of disposing is becoming unacceptable because of the rapid depletion of
available sites due to the volume of wastes increasing at a fast rate. To address this
problems encountered, polyethylene terephthalate (PET) and crumb rubber (CR) have
been suggested to be used as partial replacement to fine aggregate (FA) in concrete.
Most of the studies conducted by previous researchers show that there is a feasibility of
using these waste materials in concrete. Thus, recycling wastes PET and CR as FA in
concrete could be one of the best solutions for disposing of it, given its economic and
ecological advantages. Therefore, this research was conducted to enhance better
understanding of the possibility of using PET and CR as FA replacement in concrete.
Besides, the study on the combination of PET and CR in construction industry is still
lacking. Thus, the aim of this research is to determine the influence of PET and CR on
the properties of PET, rubberised and PET-rubberised concretes. The FA was replaced
by PET (5%, 10%, 15%, 20%, 25% and 30%) and CR (10%, 20% and 30%) by weight
and tested for 7, 28, 60 and 90 days of curing. As an improvement for rubberised and
PET-rubberised concretes, the treatment using NaOH to the CR prior to mixing was
applied to increase the hydrophilicity of the rubber particle surface. The mechanical
properties of the concretes were assessed through its compressive strength and flexural
strength. Also, the properties of the concrete were determined by conducting electrical
resistivity, water absorption and skid resistance tests. The results show that higher
replacement level of FA with PET (up to 30%) and CR (up to 30%) lower the
compressive strength, lower the flexural strength, increased the electrical resistivity,
increased the water absorption and lower the skid resistance readings in comparison
with the control concrete. Prolong the days of curing would increase the compressive
strength, flexural strength, electrical resistivity and skid resistance readings but reduced
the water absorption characteristic of the concrete. It was also exhibited that the
compressive strength, flexural strength, electrical resistivity and skid resistance
characteristics increased and the water absorption reduced at constant replacement level
of CR at different replacements of PET. The treated CR with NaOH increased the inter-
phase bonding between the rubber particles and cement. From Analysis of Variance
(ANOVA), it was pointed out that at 95% confidence level, the independent variables
which are replacement level of PET and CR have significant influence on the properties
of concrete measured. The correlation coefficients of determination (R?) shows that the
fitness of the selected models are good and the models could be used for further
investigations. The overall test results revealed that PET and CR can be utilized in
concrete mixture as FA replacement in concrete.



ACKNOWLEDGEMENT

First of all, praise is due to Almighty ALLAH SW.T with His compassion and
mercifulness to allow me finalizing this research entitled “Influence of Polyethylene
Terephthalate (PET) and Crumb Rubber on the Properties of Concrete”.

I would like to express my deep and sincere gratitude to my beloved supervisor,
Associate Professor Ir. Dr. Kartini binti Kamaruddin for her supervision, advice and
guidance from the early stage of this research as well as giving me extraordinary
experiences throughout the work. Special appreciations to all my co-supervisors,
Professor Dr. Hamidah binti Mohd Saman, Dr Haryati binti Awang and Dr. Engku
Zaharah binti Engku Zawawi. Their wide knowledges and logical ways of thinking have
been great values for me. Their understandings, personal guidances and
encouragements have provided a good basis for this research.

| wish to express my thanks and gratitude to my parents, Abdul Rahman bin Yusof and
Nafisah binti Sulong, the ones who can never ever be thanked enough, for the
overwhelming love and care they bestow upon me.

| owe my loving thanks to my husband, Nasrullah bin Azhar, who has been struggling
with me, hand by hand, to secure and shape brighter future. His supports,
encouragements and understanding during my study all stand behind my success. My
deep love and thanks to my children, 1zz Alisha Sofea, 1zz Azzad Safwan and 1zz Atia
Sofea, who are the only source of inspiration to me. Their love and innocent smiles that
have made the hardship of this task bearable.

| am deeply grateful to my colleagues Nur Hanani binti Abdul Rahim, Raden Maizatul
Aimi binti Mohd Azam, Nurul Nazierah binti Mohd Yusri and Zaidahtul Akma binti
Mohd Zahib for the extensive discussions and interesting field works have been very
helpful for this research. Without their help and kindness, this achievement would have
been far away. Lastly, best regards and blessing to all of those who supported me in any
respect throughout the completion of this research. Alhamdulillah.



TABLE OF CONTENTS

CONFIRMATION BY PANEL OF EXAMINERS
AUTHOR’S DECLARATION

ABSTRACT

ACKNOWLEDGEMENT
TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER ONE: INTRODUCTION
1.1  Background of Study

1.2 Problem Statement

1.3 Objectives of Study

1.4 Scope of Work and Limitation

1.5  Significance of Study

CHAPTER TWO: LITERATURE REVIEW
2.1 Introduction

2.2 Use of Waste Materials in Concrete

221
2.2.2
2.2.3
2.2.4
2.2.5
2.2.6

Sawdust Ash

Sheet Glass Powder

Bottom Ash

Slag

Polyethylene Terephthalate (PET)
Crumb Rubber (CR)

2.3 Characteristics of FA, PET and CR

2.3.1

Specific Gravity
Vi

Page

Vi
Xi
Xiv
XVii

XixX

o o o W - B

13
13
14
14
16
17
18
19
20
22
22



2.4
2.5

2.6
2.7

CHAPTER THREE: RESEARCH METHODOLOGY

3.1
3.2

3.3

3.4

2.3.2 Particle Size Distribution
2.3.3 Chemical Composition

2.3.4 Microstructure Examination

Characteristics of Fresh Concrete with PET and CR
Characteristics of Hardened Concrete with PET and CR

2.5.1 Compressive Strength
2.5.2 Flexural Strength
2.5.3 Electrical Resistivity
2.5.4 Water Absorption
2.5.5 Skid Resistance

Compilation of Relationship from Previous Research

Summary of Literature

Introduction

Preparation of Materials

3.2.1 Cement

3.2.2 Polyethylene Terephthalate (PET)

3.2.3 Crumb Rubber (CR)

3.2.4 Aggregates

3.2.5 Sodium Hydroxide (NaOH)

3.2.6  Water

Preparation of Specimens

3.3.1 Mix Proportion

3.3.2 Mixing of Concrete

3.3.3 Mould

3.3.4 Curing

Test Procedures

3.4.1 Testing on Fine Aggregate, PET and CR
3.4.1.1 Specific Gravity
3.4.1.2 Particle Size Distribution
3.4.1.3 Chemical Composition
3.4.1.4 Microstructure Examination

3.4.2 Workability Test on Fresh Concrete
vii

24
25
27
37
39
40
43
44
46
48
52
56

62
62
64
64
65
67
68
71
72
72

73
74
74
75
75
75
76
78
78
79
81





