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ABSTRACT

Sandwich structures, which are made of metal face sheet and foam core, are widely
been used in various industries due to their excellent energy absorption and impact
resistance properties. Recently, fibre reinforced polymer (FRP) composites have been
used in the fabrication of face sheets of sandwich panel due to their high specific
strength and stiffness properties. The usage of hybrid FRP composite laminate is still
new and few researches were found in this area. On top of that, the research data on
aluminium foam as a core material in sandwich panel is also limited and need to be
further studied. This research is aimed to determine the damage resistance and
damage tolerance of hybrid FRP-aluminium foam sandwich panel. Damage resistance
refers to the resistance of a material to damage when it is subjected to impact loading
and damage tolerance is the ability of a material or structure to perform safely after
damage. In this study, damage resistance is measured using impact test and damage
tolerance is determined using compression after impact (CAI) test. In addition the
bending test was also conducted in order to determine mechanical properties of the
material, such as Young’s modulus and strength. The sandwich panels were prepared
using FRP composites face sheets, which consist of carbon and glass fibres
reinforcements and epoxy matrix, and closed-cell aluminium foam core material.
Drop weight impact, CAI and three-point bending tests were conducted in order to
evaluate the properties of hybrid FRP-aluminium foam sandwich panel when
compared to those of the pristine materials and aluminium honeycomb sandwich
panel. The results showed that the hybrid FRP-aluminium foam sandwich panel has
higher damage resistance or impact properties which were represented by higher peak
force, energy absorption and specific energy absorption of 42%, 42%, and 20%,
respectively, when compared to the neat CFRP-aluminium foam sandwich panel. In
addition, it also has higher peak force, energy absorption and specific energy
absorption of 135%, 1503% and 560%, respectively, when compared to the hybrid
FRP-aluminium honeycomb sandwich panel. The damage tolerance or CAI properties
of the hybrid FRP-aluminium foam sandwich panel were higher than those of the neat
CFRP-aluminium foam and aluminium honeycomb core sandwich panels. Hybrid
FRP-aluminium foam sandwich panel exhibited lower strength reduction of 54%,
while the other sandwich panel systems recorded more than 70% strength reduction.
Furthermore, the hybrid FRP-aluminium foam sandwich panel showed higher flexural
strength and modulus by 309% and 333%, respectively, compared to the neat
aluminium foam panel. It is also exhibited higher flexural strength and flexural
modulus, by 338% and 136% respectively, when compared to the hybrid FRP-
aluminium honeycomb sandwich panel. As a conclusion hybrid FRP-aluminium foam
sandwich panel has better impact resistance and CAI properties when compared to
conventional honeycomb sandwich panel. Therefore, this material is a promising
advanced material that can be used to improve damage resistance and damage
tolerance properties of modern structures.

v



ACKNOWLEDGEMENT

First and foremost, I wish to thank Allah for giving me the strength and opportunity to
embark on Master study and to successfully complete this long and challenging
journey.

My sincere appreciation goes to my inspiring supervisor Assoc. Prof. Dr. Aidah
Jumahat, and co-supervisor, Dr. Muhammad Hussain Ismail, for their guidance,
patience, ideas and motivation throughout this study. I would also like to express my
gratitude to all the technicians and staffs especially Mr. Alif, Mr. Azman, Mr. Hairi,
Mr. Rahimi, Mr. Nazeman, Mr. Emi, Mr. Aziz and Mr. Khairul for their continuous
assistance in using the facilities for the experimental works. I am thankful for all of
the guidance. I also would love to express my gratitude to my colleagues and friends
for their continuous support and guidance in completing this research. Special thank is
devoted to Ummu Raihanah Hashim, as my research partner, for her patience in
helping me completing this thesis.

Finally, I would like to thank all my family members, especially my father Ismail
Drahman and my mother Mek Yah, as well as my siblings for their continuous
prayers in strengthen my soul and support throughout my study. This piece of victory
is dedicated to all of them.

Last but not least, I greatly acknowledge the Ministry of Education Malaysia and
Universiti Teknologi MARA for Young Lecturer Scheme Scholarship. Alhamdulillah.



	IMPACT, COMPRESSION AFTERIMPACT AND BENDINGPROPERTIES OF HYBRID FRPALUMINIUMFOAM SANDWICHPANEL
	CONFIRMATION BY PANEL OF EXAMINERS
	AUTHOR'S DECLARATION
	ABSTRACT
	ACKNOWLEDGEMENT
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF PLATES
	LIST OF SYMBOLS
	LIST OF ABBREVIATIONS
	CHAPTER ONE:INTRODUCTION
	1.1 BACKGROUND OF STUDY
	1.2 PROBLEM STATEMENT
	1.3 OBJECTIVES
	1.4 SCOPE OF STUDY
	1.5 SIGNIFICANCE OF STUDY

	CHAPTER TWO:LITERATURE REVIEW
	2.1 OVERVIEW
	2.2 SANDWICH PANEL
	2.3 FIBRE REINFORCED POLYMER COMPOSITE
	2.3.1 Fabrication of Fibre Reinforced Polymer Composite
	2.3.2 Previous Researches on Fibre Reinforced Polymer Composite

	2.4 ALUMINIUM FOAM
	2.4.1 Previous Researches on Aluminium Foam

	2.5 IMPACT (DAMAGE RESISTANCE) PROPERTIES OF SANDWICHPANEL
	2.5.1 Effect of Core Materials on Impact Properties of Sandwich Panel
	2.5.2 Effect of Face Sheets on Impact Properties of Sandwich Panel

	2.6 COMPRESSION AFTER IMPACT (DAMAGE TOLERANCE)PROPERTIES OF SANDWICH PANEL
	2.6.1 Effect of Core Materials on Compression After Impact Properties ofSandwich Panel
	2.6.2 Effect of Face sheets on Compression After Impact Properties ofSandwich Panel

	2.7 BENDING PROPERTIES OF SANDWICH PANEL
	2.7.1 Effect of Core Materials on Bending Properties of Sandwich Panel
	2.7.2 Effect of Face sheets on Bending Properties of Sandwich Panel

	2.8 CONCLUDING REMARKS

	CHAPTER THREE:RESEARCH METHODOLOGY
	3.1 OVERVIEW
	3.2 MATERIALS
	3.2.1 Closed-cell Aluminium Foam
	3.2.2 Aluminium Honeycomb
	3.2.3 Carbon Fibre Reinforced Polymer Composite
	3.2.4 Glass Fibre Reinforced Polymer Composite

	3.3 SPECIMENS FABRICATION
	3.3.1 Fabrication of Fibre Reinforced Polymer Composite Laminate
	3.3.1.1 Hot Press
	3.3.1.2 Vacuum Oven

	3.3.2 Fabrication of Sandwich Panel

	3.4 MECHANICAL TESTS
	3.4.1 Drop Weight Impact Test
	3.4.1.1 Data Analysis

	3.4.2 Compression After Impact Test
	3.4.2.1 Data Analysis

	3.4.3 Three-point Bending Test
	3.4.3.1 Data Analysis


	3.5 MACROSTRUCTURAL ANALYSIS
	3.5.1 Optical Microscopy
	3.5.2 Computed Tomography Scanning System


	CHAPTER FOUR:RESULTS AND DISCUSSIONS
	4.1 OVERVIEW
	4.2 DENSITY AND POROSITY PROPERTIES
	4.3 IMPACT (DAMAGE RESISTANCE) PROPERTIES
	4.3.1 Effect of Velocity on Impact Properties of Aluminium Foam
	4.3.2 Effect of Fabrication Techniques on Impact Properties of FibreReinforced Polymer Composite Laminate
	4.3.3 Effect of Type of Materials on Impact Properties of Fibre ReinforcedPolymer Composite Laminate
	4.3.4 Effect of Face sheets on Impact Properties of Aluminium HoneycombSandwich Panel
	4.3.5 Effect of Face sheets on Impact Properties of Aluminium Foam SandwichPanel
	4.3.6 Effect of Core Material on Impact Properties of Hybrid Face sheetsSandwich Panel
	4.3.7 Macrostructure Analysis on Damaged Specimens

	4.4 COMPRESSION AFTER IMPACT (DAMAGE TOLERANCE)PROPERTIES
	4.4.1 Compression Properties of Aluminium Honeycomb and Aluminium FoamSandwich Panels
	4.4.2 Compression After Impact Properties of Aluminium HoneycombSandwich Panel
	4.4.3 Compression After Impact Properties of Aluminium Foam SandwichPanel

	4.5 BENDING PROPERTIES

	CHAPTER FIVE:CONCLUSION AND RECOMMENDATIONS
	5.1 CONCLUSION
	5.2 RECOMMENDATIONS

	REFERENCES
	APPENDIX



