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ABSTRACT 

Over decades, composite that made from the combination of synthetic fibres such as 

glass fibres, carbon fibres, and boron fibre have gained increased attention in composite 

fabrication industry due to its durability. However, high application based on synthetic 

fibre composite material has contributed towards environmental effects like pollution 

and global warming. To overcome this problem, replacing the synthetic fibre with 

natural fibre is one of the solutions. Besides, it could promote the fabrication of green 

materials and give alternative option to the researcher in green technology growth. 

Therefore, this study proposes a new material using Moringa oleifera bark (MOB), a 

plant-based fibre, as reinforcement filler since silicone rubber possesses weak 

intermolecular bonding and exhibits a highly nonlinear behaviour. Despite that, there is 

no reliable data in reinforcing MOB into silicone rubber. The specimens are made with 

0wt%, 4wt%, 8wt%, 12wt%, and 16wt% of fibre composition according to proper 

standard of specimen fabrication. The physical and mechanical tests were conducted to 

define the properties of this newly material including its hydrophobic and hydrophilic 

properties and tensile behaviour under uniaxial tensile load. In order to access its 

properties, Density test (ASTM-D792), Moisture Absorption test and Uniaxial tensile 

test (ASTM-D412) were conducted. Due to the hyperelastic behaviour of the material, 

three hyperelastic materials models were adapted to quantify the material parameters 

using Neo Hookean, Mooney Rivlin, and Ogden models. The predicting approach was 

employed via MATLAB Neural Network Tool (nntool) using 80% of experimental data 

to train the network while the remaining 20% were used for data validation. The study 

constructed one artificial neural network (ANNs), where it had 3 inputs (weightage, 

load and elongation) and 2 output (material constants; α and μ) data. The network 

predicted the material constant of Ogden material parameter for uniaxial tensile. Results 

obtained from the testing showed that the density of specimen was seen to have a steady 

increment as the fibre content increased. In addition, the highest water uptake was 

possessed by 16wt% of fibre content specimen which was about 12.1%. From the tensile 

test, it showed that the material properties have been improved and the stiffness of the 

specimen has increased with further addition of fibre content. This was supported by 

the results obtained through numerical analysis. The study used the Coefficient of 

determination, R2 to define the best curve fitting in hyperelastic modelling. Based on 

the result, the Ogden model showed the perfect agreement to the experimental data as 

it showed the highest value of R2; 0.9988. It was observed that the Ogden model had 

good mimicking ability in capturing the curve of experimental data. From the prediction 

of ANN, the optimum trained network was obtained through several training trials. The 

coefficients of correlation, R for training, testing, validation and all proved to be 

satisfying which came out as 0.99699, 0.99917 0.99912 and 0.99748 respectively. The 

average percentage differences between prediction data by ANN and experimental data 

were about 2.40% and 12.06% for α and µ respectively. Therefore, it can be summarised 

that this thesis has successfully obtained the experimental-numerical analysis of this 

newly material; Moringa oleifera bark-silicone biocomposite (MOBSil). Besides, the 

prediction model would help other researcher in terms of time saving and minimum 

effort required in determining the material constant of MOBSil specimen in different 

composition rate. Finally, this research could contribute to a better comprehension of 

MOB-silicone biocomposite. 



v 

ACKNOWLEDGEMENT 

In the name of Allah, the Most Gracious, thank you for giving me the opportunity to 

embark on my master study and complete this thesis successfully. Alhamdulillah, I have 

completed my master journey in this challenging circumstance. 

Firstly, I would like to express my sincere appreciation to my supervisors, Pn. Nur Aini 

Sabrin Manssor and Prof. Ir. Dr. Jamaluddin Mahmud for their guidance and support in 

completing this thesis. 

My appreciation also goes to my siblings, colleagues and people who in direct or 

indirectly share their support either in moral, financial and physical support. Not to 

forget, to the technician who provided the facilities and assistance during sampling.  

Finally, this thesis is dedicated to my dear parent, for their never-ending support and 

pray towards me during pursuing my master study. Alhamdulillah. 

 

 

 



vi 

TABLE OF CONTENTS 

 Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR’S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES ix 

LIST OF FIGURES x 

LIST OF PLATES xii 

LIST OF NOMENCLATURE xv 

CHAPTER ONE INTRODUCTION 1 

1.1 Research Background 1 

1.2 Problem Statement 3 

1.3 Objectives 5 

1.4 Scope and Limitation 5 

1.5 Significance of Study 6 

CHAPTER TWO LITERATURE REVIEW 8 

2.1 Overview 8 

2.2 Natural Fibres 8 

2.2.1 Moringa Oleifera (MO) 12 

2.3 Silicone Rubber 18 

2.3.1 Silicone Composites 18 

2.3.2 Physical Characterisations of Silicone Composites 21 

2.3.3 Mechanical Characterisations of Silicone Composites 24 

2.4 Numerical Analysis of Soft Materials 29 

2.4.1 Hyperelastic Materials 29 

2.4.2 Hyperelastic Constitutive Models 30 

2.4.3 Quantifying Material Parameter 34 



vii 

2.5 Prediction using Artificial Neural Network (ANN) 38 

2.6 Research gap 40 

CHAPTER THREE RESEARCH METHODOLOGY 42 

3.1 Overview 42 

3.2 Stage 1: Material and Specimens Preparation 44 

3.3 Stage 2: Experimental Approach 48 

3.3.1 Physical Tests for Moringa Oleifera bark-Silicone Biocomposite 48 

3.3.2 Mechanical Tests for Moringa Oleifera bark-Silicone Biocomposite 52 

3.4 Stage 3: Numerical Approach – Quantifying the Biomechanical Properties of 

Moringa Oleifera bark-Silicone Biocomposite via Hyperelastic Constitutive 

Models 54 

3.4.1 Quantifying Material Constant Values 56 

3.4.2 Derivation of Hyperelastic Constitutive Models 57 

3.4.3 Analysis of Variance 66 

3.5 Stage 4: Prediction Approach – Predicting the Biomechanical Properties of 

Moringa Oleifera bark-Silicone Biocomposite via Matlab 68 

3.5.1 Identification the parameter for Artificial Neural Network Model 69 

3.5.2 Data extraction from Microsoft Excel into Matlab 70 

3.5.3 Construct the Artificial Neural Network in Matlab via Neural Network 

tool (nntool) 71 

3.5.4 Artificial Neural Network; Training Process 73 

3.5.5 Artificial Neural Network; Validation Process 74 

3.5.6 Percentage Difference Calculation Process 76 

CHAPTER FOUR RESULTS AND DISCUSSION 77 

4.1 Overview 77 

4.2 Physical Tests for Moringa Oleifera bark-Silicone Biocomposite 77 

4.2.1 Density Test 77 

4.2.2 Moisture Absorption Test 79 

4.3 Mechanical Tests for Moringa Oleifera bark-Silicone Biocomposite 80 

4.4 Curve Fitting of Hyperelastic Constitutive Models 86 

4.4.1 Hyperelastic Constitutive Models Fitting via Excel Solver 86 




