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ABSTRACT 

In this work, the honeycomb core of sandwich panel was reinforced by kenaf fibres. 

The kenaf fibre was chosen since it has high stiffness-to-weight ratio and is 

environmentally friendly, cheap and easily machinable. The aim of this work was to 

determine the orthotropic material properties of the kenaf-epoxy core and to evaluate 

the performance of the kenaf-epoxy sandwich panel through the simulation of the 

simple bending test. The orthotropic material properties and performance in 

simulation of the kenaf-epoxy sandwich panel were compared with those of the glass-

epoxy sandwich panel. Also, the objective of this work was to determine the effect of 

several parameters on the material properties and performance in simulation of the 

kenaf-epoxy sandwich panel. Two types of kenaf fibre -- short and long fibre –with 

varying fibre modulus, Ef, and fibre volume fraction, Vf, were utilised. Three 

different analysis cases were executed; varying cell wall thickness, varying cell wall 

length and varying core density.The finite element software ANSYS Mechanical 

APDL v13 was used to simulate the simple bending test. To model the kenaf core 

sandwich panel, continuum modeling was adopted since it could account for the 

extension of the adhesives into the composite honeycomb cells. Compared to the 

glass-epoxy core, the long kenaf-epoxy core had greater values of orthotropic material 

properties. On the other hand, the short kenaf-epoxy core had greater values of the in-

plane moduli but smaller values of the out-of-plane modulus. The maximum 

displacement of the long kenaf-core sandwich panel obtained through the simulation 

was lower compared to that of the glass-core sandwich panel. On the other hand, the 

maximum displacement of the short kenaf-core sandwich panel was generally higher 

than the glass-core sandwich panel, except when the kenaf fibre was stiffer and fewer. 

Also, the short kenaf-core sandwich panel had the least higher stressed region 

compared to other cores as shown by the Von-Mises stress distribution. From the 

analysis it was concluded that the kenaf cores had better performance than the glass 

core when the weight and density of the cores were the same. Also, as the fibre 

volume fraction, Vf increased, the longitudinal and unidirectional fibre reinforcement 

of the long kenaf-epoxy core became more effective, while the random discontinuous 

fibre reinforcement of the short kenaf-epoxy core became less effective. Conversely, 

as the kenaf fibre modulus, Ef increased, the longitudinal and unidirectional fibre 

reinforcement of the long kenaf-epoxy core became less effective, while the the 

random discontinuous fibre reinforcement of the short kenaf-epoxy core became more 

effective. Additionally, when the core density was not altered, significant change did 

not occur, regardless of the change in the thickness and size of the core. The core 

density was the most decisive parameter to determine the properties of the continuum 

core.  
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CHAPTER ONE 

INTRODUCTION 

1.1 OVERVIEW OF NATURAL FIBRES AND KENAF 

Growing concerns on environmental issues have brought composite research back to 

nature. With issues like increasing carbon emission, rising fuel consumption and 

depletion of fossil fuels to deal with, material scientists and engineers have turned 

their attention towards green resources, with natural fibres being the focus of 

attention. Fibres like kenaf, jute, hemp, flax, coir, sisal and cotton have attracted much 

interest due to their toughness, high specific modulus and specific strength, which are 

comparable and for some even better than E-glass. They are cheap and abundant, and 

could be harvested 2 or 3 times per year.  

Applications for natural fibres have grown steadily in recent years. Realising 

the benefit of cost and weight reduction, European automotive companies have been 

at the forefront in implementing natural fibres into their cars. Flax, kenaf and hemp 

have found their way in door panels, seat backs, headliners, package trays, dashboards 

and interior panels. Apart from the automotive applications, natural fibre reinforced 

composites are gradually replacing wood in their traditional usage like furniture, 

fences, ceilings and walls, thus reducing the number of deforestation. 

Currently, E-glass is still dominating the low-end market of fibres, but natural 

fibres have the potential to grab a bulk of its market share. The high density of E-

glass, an undesirable property for fuel efficiency,  is the major catalyst for that change. 

Furthermore, E-glass is not biodegradable, poor in recyclability and hazardous to 

workers’ health during fabrication in the form of airborne glass particles. Taking into 

account those issues and the higher cost vis-à-vis natural fibres, not to forget the 
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mechanical properties, it is clear that this is a huge opportunity for the natural fibres to 

stake a claim in the composite industry. There are certain issues that need to be 

addressed though, like the hydrophilic nature of natural fibres – moisture absorption 

could degrade their mechanical properties -- and finding suitable binders for the fibre-

matrix adhesion. Also, the search for biodegradable matrices, or at least thermoplastic 

ones which are recyclable, is of paramount importance for the composites to achieve 

the coveted “green” status.  

Kenaf fibre has been the choice fibre material for a lot of composite 

researchers at least for the past ten years. Commercial planting of kenaf is also going 

strong in the United States. In Malaysia, it is grown mostly in Kelantan, where the 

climate is relatively dry and is touted as the replacement crop for tobacco. Kenaf 

could be harvested 2 or 3 times per year and has all the advantages associated with 

natural fibres. The plant consumes a lot of carbon dioxide and could absorb nitrogen, 

phosphate and heavy metals from the earth. Apart from composites, kenaf has been 

known to be utilised as bags, ropes, oil absorbent material, agro-textiles and livestock 

feeds, among others. Not only the large-scale use of kenaf could help to mitigate 

environmental deterioration, but also to boost the rural economy. 

 

1.2 SANDWICH PANEL 

A special type of composite widely utilised these days is the sandwich panel. 

Basically it is made of two thin and stiff skins (or face sheets) separated by a thick and 

low density core. Sandwich panel is a highly efficient structure in that it is lightweight 

while having high stiffness and good strength. Increasing the thickness of the core will 

result in several fold increase of stiffness, and what is great about this is it only comes 

with minimal increment of weight. 
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There are several types of sandwich core structures available in the market 

today. The most common type is the foam core, which is isotropic and the cheapest. 

There are also the cellular cores, the most prominent of which is the honeycomb 

structure. Although the honeycomb core possess the best mechanical properties 

among the other core types, its usage is more restricted due to high cost and difficulty 

in manufacturing them. The honeycomb core sandwich panel is widely utilised in 

higher-end applications, such as in the aviation industry and Formula One racing cars.  

 

1.3 PROBLEM STATEMENT 

More and more researchers have now realised the merits of utilising kenaf fibre in 

composite materials. The advantage that the kenaf fibre have over other natural fibres 

and E-glass in terms specific modulus and specific strength is well documented. 

Although the kenaf fibre has been widely utilised in composites, there are still vast 

potential to be tapped. More effort and research should be done to exploit this 

potential.   

The core of a sandwich panel comes in a variety of forms and materials. The 

majority of the materials utilised for the sandwich core are synthetic, which include 

Nomex, aluminium and glass fibre reinforced composite. Natural materials as 

sandwich core materials are few and far between, with balsa wood among the few 

established organic-based cores. To date, there is no existing literatures regarding the 

usage of the kenaf fibres as a constituent material of the honeycomb core of a 

sandwich panel. This is quite surprising considering the fact that the sandwich panel is 

a popular structure and no stranger to utilising composite materials. Incorporating the 

kenaf fibre into the sandwich structure presents a good opportunity to construct a 

highly efficient and green composite material. 
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To fully extract the benefit of a kenaf reinforced sandwich structure, one has to 

be well-versed with the varying factors that could influence the performance and 

mechanical properties of it. These include length of fibre, fibre volume fraction, fibre 

modulus, height and size of honeycomb core cells. When analysing the sandwich and 

composite structure, these factors can be efficiently accounted for through the use of 

finite element analysis and numerical modeling. 

 

1.4 RESEARCH OBJECTIVES 

i. To determine the stiffness of the short and long kenaf-epoxy core 

sandwich panel with various parameters through existing modeling from 

other literatures and to compare the determined values with those of E-

glass-epoxy sandwich panel.    

ii.   To evaluate the performance of the short and long kenaf-epoxy core 

sandwich panel with respect to the E-glass-epoxy sandwich panel through 

various parameters in a simple bending test by utilising finite element 

analysis. 

iii.   The investigate the influence of several parameters -- namely the fibre 

volume fraction and kenaf fibre modulus, as well as the cell wall 

thickness, cell wall length, and density of the core -- on the orthotropic 

material properties and performance of the kenaf core sandwich panel. 

 

1.5 SCOPE OF RESEARCH 

i. The appropriate continuum modeling for the kenaf/epoxy core sandwich 

panel. A proven and experimentally-verified approach and modeling was 
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be taken. This work did  not attempt further validation of the values 

derived from the modeling. 

ii. The comparison of the kenaf core and glass core sandwich panel in terms 

of the orthotropic material properties and simple bending test simulation. 

iii. The parameters that were focused on were confined to the fibre volume 

fraction, kenaf fibre modulus, cell wall thickness and cell wall length of 

the core and core density. 

 

1.6 ORGANISATION OF THESIS 

Chapter 1 gives an overview of composites, synthetic and natural fibres and sandwich 

panel. In chapter 2, literature review about natural fibres, kenaf, sandwich structure 

and sandwich modeling is presented. Methodology of analysis and modeling of kenaf 

core sandwich panel are shown in chapter 3. The results and discussion are in chapter 

4. Finally, conclusions are contained in chapter 5.   
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 KENAF 

2.1.1 Overview 

Before the advent of kenaf in the composite industry, kenaf has been traditionally 

harnessed in the forms of rope, canvas and sacking. Since the last century, this multi-

purpose plant known scientifically as Hibiscus cannabinus, L.family Malvacea, has 

been utilised as an alternative source for pulp and paper (Nishino, 2004). Most of the 

components – ranging from the seeds to the leaves – of kenaf are useful, from which 

fibres, proteins, oil and alleopathic chemicals could be extracted (Akil et al., 2011).  

Kenaf filaments are made of discrete individual fibers, usually in the range of 2 

to 6 mm. Sources, age, separating technique and history of the fibres are the variables 

that determine the filaments and individual fibre properties. The stem is straight and 

unbranched and consists of an outer layer (bark) and a core. The process to separate 

the stem into bark and core is through chemicals means and/or by enzymatic retting. 

The bark constitutes 30– 40% of the stem dry weight and shows a rather dense 

structure. On the other hand, the core is wood-like and makes up the remaining 60–

70% of the stem. The core reveals an isotropic and almost amorphous pattern. 

However, the bark shows an orientated high crystalline fibre pattern (Akil et al., 

2011).  

Kenaf falls under the category of bast fibres, which include flax, hemp, jute 

and ramie. These fibers are derived from wood core and stem materials. The wood 

core is basically surrounded by the stem, which consists of a number of fiber bundles 

(Beckwith, 2003). In comparison with other types of plant fibres like leaf and seed, 
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the bast fibers shows a superior flexural strength and modulus of elasticity (MOE). 

The bast fibres also tend to show approximately the same flexural strength and a 

higher MOE when compared to glass fibres (Zampaloni, 2007). 

 

 

2.1.2 Advantages 

1) Low Cost 

One of the earliest and main impetus for natural fibre, including kenaf, utilisation in 

composites is low cost. The clear superiority of the natural fibres compared to E-glass 

in terms of price and density is shown in Table 2.1. This is especially true in countries 

that actively cultivate kenaf and other types of natural fibres, like in Malaysia and the 

United States.  

Zampaloni et al. (2007) made a comparison between the natural fibres and 

glass in terms of modulus per cost which further accentuate the former’s superiority 

(Fig. 2.1). The advantage of kenaf in this regard over E-glass is so obvious that it is a 

little wonder kenaf is one of the most popular -- if not the most -- natural fibres in the 

United States and elsewhere. 

It is not only a question of raw material price that makes kenaf utilisation 

cheaper, but also other related activities that lead to that utilisation. Natural fibre 

cultivation, processing and transportation all use lower energy compared to the whole 

process of making glass fibre, which in turn lower the whole production cost (Joshi et 

al., 2003). 
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Table 2.1 Density of the glass fibers and natural/bio-fibers (Zampaloni et al., 2007). 

 

 
 

 

 

 

Figure 2.1 Comparison of Modulus Per Cost for Various Fibers (Zampaloni et al., 

2007). 

 

 

 

2) Low Density and High Specific Modulus 

The next major catalyst is the low density of kenaf and other natural fibres. The 

weight difference between natural fibres and glass is quite considerable (Table 2.1). 

As the automotive industry is pushing for more lightweight body parts to enhance fuel 

efficiency, density reduction is of utmost importance. But low density alone would not 
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guarantee good performance of a composite. Natural fibres are actually lagging behind 

their synthetic counterparts based on strength and stiffness. Also, as shown in Fig. 2.2 

and 2.3, the tensile and flexural strength of kenaf is not the highest compared to 

others. But the encouraging fact is that when taking into account the specific modulus 

–which is modulus divided by density—of the kenaf fibre, this is where kenaf shows 

its true worth. Kenaf is clearly better than its other rival fibres, including E-glass, by a 

huge margin (Fig. 2.4).  

 

 

 

Figure 2.2 Comparison of tensile strength of kenaf/PP–MAPP composites to other 

natural fiber composites (Zampaloni et al., 2007). 

 


