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ABSTRACT

Composite laminates are widely used in engineering applications due to its high
mechanical properties which is advantageous for critical engineering structures. Despite
possessing major advantages, lack of test data to support the usage of the material
promptly halt the advancement of composite laminates applications in industries. This
research is carried out to analyse the geometrical effects on guided wave propagation in
fiberglass composite laminate and scattering by delamination in fiberglass composite
laminate. By utilizing Matlab and Abaqus/Explicit software, simulation of three-
dimensional (3D) Finite Element (FE) fiberglass model is conducted and the signal
obtained afterwards is processed and analysed. Four monitoring points strategy is
implemented to assess guided wave signals. A few models are tested with different
influencing factors which are thickness, excitation frequency, angle of monitoring
points, and presence of delamination’s. The results are then presented to properly
differentiate the signal behaviour and wave field relative to parameter adjustments.
Guided wave profile retains its shape at varying thickness, better defect detection in
[0/90]° layup arrangement, ideal excitation frequency of 130 kHz and negligible factor
of monitoring directions in fiberglass plate. Distinct scattering behaviour of guided
wave is ascertained from the back scattering, forward scattering, and energy
concentration within delamination, which contributed to proper and ease of
delamination’s identification in fiberglass composite laminates. These findings will
contributed to overall integrity and reliability of non-destructive testing (NDT)
inspection in composite structures.



ACKNOWLEDGEMENT

This successful journey on my Master’s studies has left me with feelings of bliss and
gratitude. Accomplishing this feat is not possible without help and support of important
people that are close and acquainted to me. Their presence is invaluable and completing
this journey alongside them would be etched on my blissful memories.

First and foremost is my appreciation to God as it is God’s will and under His mercy
that I am able to begin and completed my studies successfully. No success is meaningful
without blessing from the Almighty.

My supervisor Dr Bibi Intan Suraya Binti Murat has played an integral part in me
pursuing a perfect accomplishment in my research studies. Her attentiveness, attention
to details and her vast knowledge on the research matter has made me strive for
excellence and I am feeling deeply grateful to her.

Special thanks to EM703 program coordinator Dr Mohd Hafiz Bin Mohd Noh for
guiding us students in our Master’s studies. His supports are indispensable to us which
helps alert us on key milestone on our timeline and smoothen our journey with any
enrolment issues with university.

My appreciation also goes to the lecturers that are teaching us students throughout our
Master’s studies. With their vast knowledge and experience that they passed down to
us will surely be beneficial in our workday and personal life.

I would also like to extend my gratitude to my fellow batch of EM703 as with them that
I go through this challenging and memorable journey, and also to my colleagues and
friends. They support me with their presence, knowing that I am not alone and | am able
to face my challenges with a positive mindset.

Saving the best for last is my undying gratitude to my parents and siblings as they are
the driving force which helps me paved way on my Master’s studies. With their
unconditional love, they support me on an emotional level and I am thankful for
everything that they have done for me so far.

This thesis is the culmination of all that have helped and supported me and | am very
grateful to that. | dedicated this piece of victory to all of you.

Thank you and may God bless.



TABLE OF CONTENTS

Page

CONFIRMATION BY PANEL OF EXAMINERS ii
AUTHOR’S DECLARATION ii
ABSTRACT \Y
ACKNOWLEDGEMENT Vv
TABLE OF CONTENTS Vi
LIST OF TABLES viii
LIST OF FIGURES iX
LIST OF SYMBOLS Xii
LIST OF ABBREVIATIONS Xiv
LIST OF NOMENCLATURES XV
CHAPTER ONE INTRODUCTION 1
1.1  Research Background 1
1.2 Problem Statements 3
1.3  Research Questions 4
1.4  Objectives 4
1.5  Significances 4
1.6 Scopes and Limitations 5
1.7  Dissertation Overview 7
CHAPTER TWO LITERATURE REVIEW 8
2.1  Composites 8

2.1.1 Fiberglass 8

2.1.2 Low Velocity Impact Damage in Composites 9
2.2 Structural Health Monitoring (SHM) 11

2.2.1 Destructive Testing 13

2.2.2 Non-Destructive Techniques (NDT) 16
2.3 Guided Ultrasonic Waves (GUW) 22

Vi





