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ABSTRACT 

The engineering applications using composite materials are widely growth due to the 
high strength to weight ratio. It is crucial to understand the failure of composite 
laminates to enhance the full potential of composite materials. Nevertheless, 
performing experiments to obtain the strength of failure is tedious and expensive 
procedure. Thus, a reliable failure prediction tools are needed. This study aims to 
develop finite element model of laminated composite plate subjected to the uniaxial 
and biaxial tension load to predict failure. A significant feature of the methodology is 
it rely on customized user-subroutines of FE programme (MATLAB) and on the 
analysis capability of the FE software (ANSYS) to predict failure of composite 
laminates. High Order Shear Deformation Theory (HSDT) is employed to model 
deformation and stress of laminated composite plate. The stress obtained is used in the 
failure criteria (Maximum stress theory and Tsai Wu) to predict the first ply failure 
(FPF) and last ply failure (LPF) of laminated plates. Two case studies were carried out 
using analytical method in order to validate the FE programme (MATLAB). Four 
numerical case studies are performed as numerical assessment and the results of FE 
computational approaches (MATLAB and ANSYS) are compared with available 
experimental results which the maximum errors were found 23.42% (ANSYS), 
22.72% (MATLAB) and 8.45% (ANSYS), 8.09% (MATLAB) for Case study 1 and 2, 
respectively. The results of numerical assessment have shown that the FE programme 
(MATLAB) gives a better prediction in failure analysis for the laminated composite 
plate. It proves that the FE programme using MATLAB has the ability to perform 
failure analysis of composite laminates more accurate compared to the FE software 
package (ANSYS). This study is significant and contributed to enhance knowledge 
about the failure behaviour of laminated composite plate. 

IV 



ACKNOWLEDGEMENT 

Firstly, I wish to thank Allah s.w.t for giving me the opportunity to embark on my 
Master and for completing this long and challenging journey successfully. My 
gratitude and thanks go to my supervisor Assoc. Prof. Dr. Jamaluddin Mahmud. 
Thank you for the support, patience and ideas in assisting me with this research. 

Special thanks to my colleagues, Norzihan Rahimi and friends for helping me with 
this research. This thesis is dedicated to the loving memory of my very dear late 
father, Abdul Rahim Bin Ahmad and mother, Bidayah Mohd Nasir for the vision and 
determination to educate me. This piece of victory is dedicated to both of you. 

Finally, I will express thanks to my lovely husband, Mohd Saiful Bahari Shaari and 
my two daughter's Nur Asy Syifa' and Nur Insyirah. Thanks for being with me. 
Alhamdulillah. 

v 


	ABSTRACT
	TABLE OF CONTENTS
	CHAPTER ONE: INTRODUCTION
	1.1 BACKGROUND OF STUDY
	1.2 PROBLEM STATEMENT
	1.3 RESEARCH OBJECTIVE
	1.4 SCOPE OF RESEARCH
	1.5 SIGNIFICANCE OF RESEARCH
	1.6 OVERALL STUDY FLOW OF FAILURE ANALYSIS OF COMPOSITE LAMINATE
	1.7 THESIS OUTLINE

	CHAPTER TWO: LITERATURE REVIEW
	2.1 OVERVIEW
	2.2 MACROMECHANICAL BEHAVIOUR OF A LAMINA
	2.2.1 Introduction
	2.2.2 Stress-Strain Relations For Plane Stress In An Orthotropic Lamina
	2.2.3 Stress-Strain Relations For Lamina Of Arbitrary Orientation

	2.3 MODELLING LINEAR ELASTIC OF LAMINATED COMPOSITE PLATE
	2.3.1 High Order Shear Deformation Theory (HSDT)
	2.3.2.1 Displacement Field
	2.3.2.2 Strains


	2.4 FAILURE THEORIES
	2.4.1 Failure Theories (Finite Element Programme (MATLAB)
	2.4.1.1 The Maximum Stress Theor
	2.4.1.2 Tsai Wu Failure Theory

	2.4.2 Failure Theories (ANSYS)
	2.4.2.1 The Maximum Stress Criterion
	2.4.2.2 Tsai-Wu Criterion


	2.5 FAILURE ANALYSIS OF COMPOSITE LAMINATES
	2.5.1 Failure Analysis Subject to Uniaxial Loading
	2.5.2 Failure Analysis Subject to Biaxial Loading
	2.5.3 FE Simulation Using FE Software Package

	2.6 RESEARCH GAP

	CHAPTER THREE: METHODOLOGY
	3.1 OVERVIEW
	3.2 DEVELOPMENT OF FE PROGRAMME
	3.2.1 Pre-Processor
	3.2.1.1 Developing A FE Model

	3.2.2 Processor
	3.2.2.1 Calculating Element Stiffness Matrices
	3.2.2.2 Nodal Forces
	3.2.2.3 Displacements at the Nodes
	3.2.2.4 Strains at the Gauss Points
	3.2.2.5 Stresses at the Gauss Point
	3.2.2.6 Checking for Failure at the Gauss Point


	3.3 FE MODELLING AND SIMULATION USING ANSYS
	3.3.1 Pre-Processor
	3.3.2 Processor
	3.3.3 Post-Processor

	3.4 NUMERICAL VALIDATION
	3.4.1 Laminate Stiffness Formulation ([A],[B],[D] Matrices) Under Uniaxial Tensile Load
	3.4.2 The Displacement Of Composite Laminate Under Uniaxial Tensile Load

	3.5 NUMERICAL VALIDATION RESULTS
	3.5.1 Laminate Stiffness Formulation ([A],[B],[D] Matrices) Under Uniaxial Tensile Load Results
	3.5.2 Displacement in X And Y Direction Under Uniaxial Tensile Load Results

	3.6 NUMERICAL ASSESSMENT
	3.6.1 Case study 1: Uniaxial Tension Load Using Symmetric Laminated Plate[e4/04/-e4]s
	3.6.2 Case study 2: Uniaxial Tension Load Using Symmetric Angle-Ply
	3.6.3 Case study 3: Biaxial Tension Load Using Two Symmetric Laminated Plate ([07±45790°]s and [907±30°]s)
	3.6.4 Case study 4: Parametric Studies Using Symmetric Laminated Plate[e„/on/-en]s.


	CHAPTER FOUR: RESULTS AND DISCUSSIONS
	4.1 OVERVIEW
	4.2 NUMERICAL ASSESSMENT RESULTS AND DISCUSSIONS
	4.2.1 Case Study 1: Uniaxial Tension Load Using Symmetric Stacking Sequence of Laminated Plate [GVOV-B^Js
	4.2.2 Case Study 2: Uniaxial Tension Load Using Angle-Ply Laminated Plate [±45]2s
	4.2.3 Case Study 3: Biaxial Tension Load Using Two Symmetric Stacking Sequences Of Laminated Plate. ([07±45790°]s And [907±30]s)
	4.2.3.1 Failure Model Of[(f/±45°/9(f]s Using AS4/3501-6 Carbon-Epoxy Laminate.
	4.2.3.2 Failure Model Of[90°/±30°]s Using E-glass/LY556 Epoxy Laminate.

	4.2.4 Case Study 4: Parametric Studies Using A Symmetric Stacking Sequence Of Laminated Plate [e„/0n/-en]s
	4.2.4.1 Parametric Case Study 1: Varied Material Properties
	4.2.4.2 Parametric Case Study2: Varied Aspect Ratio
	4.2.4.3 Parametric Case Study3 : Varied Number Of Plies
	4.2.4.4 Summary : Parametric Case Study



	CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS
	5.1 CONCLUSION
	5.2 RECOMMENDATIONS

	REFERENCES
	APPENDICES
	AUTHOR'S PROFILE



