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The composite material in energy absorption tube application have gained a tremendous
function as sacrificial structure device in automotive, motorsport, train and aerospace
applications. Due to various capabilities of composite material in reinforcement structure
applications, many researchers have explored to tailor the composite material structure
with various parameters to withstand and increases the strength and crashworthiness
capability under static and impact load conditions. Composite structure from synthetic
material such as carbon fibre-reinforce polymer (CFRP), glass fibre-reinforce polymer
(GFRP) and Kevlar has used in many high-performance application as a reinforcement
due to light-weight and strong properties, besides, these synthetic materials was not
easily degrading and it cause many issues related to waste and environmental, moreover,
the operation cost to produce was high.

Therefore, this present study was upholding the natural and synthetic fibres as a
constituent material in a high-performance hybrid application such as energy absorption
tube to reduce the synthetic materials waste. Furthermore, this present study of filament-
wound natural/synthetic hybrid composite tube has presented the automated filament
winding technique to merging efficiently two distinct fibres into single fibre-band with
various parameters related. Besides, this present study has shown the abilities of
natural/synthetic hybrid composite tube to withstand the compression load and impact
load efficiently compare to single synthetic material.

The two aspect parameters in filament-wound kenaf/glass hybrid composite tube in
quasi-static compression load and intermediate-velocity impact load experiments have
exposed the first parameters of winding orientation in the hybrid composite tube has
identified that the high winding orientation was contributed high energy absorption
characteristics and stable collapse behaviour performance. Meanwhile, the second



parameter of intraply stacking sequence parameter in hybrid composite tube significantly
increase 28% of initial peak load and 68% of the energy absorbed compared to the glass
fibre-reinforced epoxy tube during compression and impact load experiments. Therefore,
from the experimental results, obviously showed that natural fibre as a constituent in
hybrid synthetic components has plentiful of potential as a hybrid reinforcement material
in structural application device.
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Bahan komposit dalam aplikasi tabung penyerapan tenaga telah memperoleh fungsi yang
luar biasa sebagai alat struktur kebolehancuran dalam aplikasi automotif, sukan
permotoran, kereta api dan aeroangkasa. Oleh kerana pelbagai keupayaan bahan
komposit dalam aplikasi struktur tetulang, banyak penyelidik telah meneroka untuk
menyesuaikan struktur bahan komposit dengan pelbagai parameter untuk menahan dan
meningkatkan kekuatan dan kemampuan menghadapi kemalangan dalam keadaan beban
statik dan hentaman. Struktur komposit dari bahan sintetik seperti polimer penguat serat
karbon (CFRP), polimer penguat gentian kaca (GFRP) dan Kevlar telah digunakan
dalam banyak aplikasi berprestasi tinggi sebagai struktur penguat kerana sifatnya yang
ringan dan kuat, selain itu, bahan sintetik ini tidak mudah merosakkan dan menyebabkan
banyak masalah berkaitan dengan sampah dan alam sekitar, tambahan lagi, kos operasi
untuk menghasilkan adalah tinggi.

Oleh itu, fokus kajian ini adalah mengetengahkan gentian semula jadi dan sintetik
sebagai bahan asas dalam aplikasi hibrid berprestasi tinggi seperti tiub penyerapan
tenaga untuk mengurangkan sisa bahan sintetik. Selanjutnya, kajian ini mengenai tiub
filamen semula jadi / sintetik komposit hibrid telah memperlihatkan teknik
penggulungan filamen automatik untuk menggabungkan dua gentian yang berbeza
menjadi satu jalur tunggal dengan pelbagai parameter yang berkaitan. Di samping itu,
kajian ini telah menunjukkan kebolehan tiub komposit hibrid semula jadi / sintetik untuk
menahan beban mampatan dan beban hentaman dengan berkesan berbanding dengan
bahan sintetik tunggal.

Untuk parameter yang kedua aspek dalam tiub komposit hibrid kenaf / kaca dalam beban
mampatan kuasi-statik dan eksperimen beban impak halaju-sederhana telah
mendedahkan parameter pertama bagi orientasi belitan dalam tiub komposit hibrid telah
dikenal pasti bahawa orientasi belitan tinggi dapat menyumbangkan ciri penyerapan



tenaga tinggi dan prestasi tingkah laku keruntuhan yang stabil. Sementara itu, parameter
kedua bagi urutan susunan intraply dalam tiub komposit hibrid secara signifikan telah
meningkatkan 28% beban puncak awal dan 68% tenaga diserap berbanding dengan tiub
epoksi bertetulang gentian kaca semasa eksperimen beban mampatan dan hentaman.
Oleh itu, dari hasil eksperimen, jelas menunjukkan bahawa serat semula jadi sebagai
penyusun dalam komponen sintetik hibrid mempunyai banyak potensi sebagai bahan
penguat hibrid dalam alat aplikasi struktur.
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CHAPTER 1

INTRODUCTION

1.1 Background of study

The energy absorption tube or thin-walled tube has practically used in many
transportation industries as reinforced structures or safety device structures. In aviation
industry the tubular tube was known and applied as webbed/gridder fuselage structures
(Figure 1.1), landing gears tube and steering columns in (Heimbs et al., 2010).
Meanwhile, other application is widely used as body structures in train and crash box
fitted at front section of vehicle body in Figure 1.2 (Marzbanrad & Ebrahimi, 2011).
The evolution of energy absorption tube design also has extended into various shape and
cross-section profile to function better as safety devices. The concept and basic principle
of energy absorption tube was to absorb and dissipate the energy from sudden impact,
head to head collision and other compression loads.

The study of hybrid composite energy absorption tube bring out abundantly of a new
finding and have a numerous synergistic enhancement property in the field of nature
composite study where it has advantage on being at economical to manufacture, eco-
friendly, harmless to health, lightweight, high stiffness and specific strength provide a
possible alternative to the synthetic fibre. Therefore, a various technique of fabricating
the hybrid composite structures are existing in various scale. The principle and method
of fabricating the energy absorption tubes from distinct composite materials could be
affected by various results of structure deformation and crashworthiness performance.
Furthermore, the combination of several different types of fibres into a single matrix has
led to more advantageous stability between the inherent advantages and disadvantages,
which the advantages of one type of fibre could complement with what is lacking in the
other.
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Figure 1.1 : Energy absorption structure in aircraft fuselage (Heimbs et al., 2010)
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Figure 1.2 : Cylindrical shells automobile/train safety component
(Marzbanrad & Ebrahimi, 2011)

Otherwise, there has been great interest on natural material to reduce the use of synthetic
material in engineering applications which offer advantages such as bio-renewable and
eco-friendly factors. Thus, the previous hybridization technique in composite energy
absorption tube studies, has indicated the potential in natural fibre materials could be
explored to achieve better understanding the characteristics into dissipation energy
capacity. The results of experimental from the hybridization technique by Albahash and
Ansari (Albahash & Ansari, 2017), have showed the potential of natural jute fibre as
great element in hybrid energy absorption composite tube to enhanced the energy
absorption capabilities, thus, from the results has revealed that the hybrid material from
natural/synthetic composite tube has provided better results in crashworthiness
behaviour compared to single fibre material of synthetic or nature fibre material.
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Besides, the further influence in previous composite studies have revealed the advantage
of hybridization technique in energy absorption tube application has allow the engineer
to tailor the energy absorption tube with various technique which the output performance
could complement into specific requirements, therefore, the studies by Ozkan Ozbeket
et al. (Ozbek et al., 2019) have discovered the intraply fibre hybridisation and winding
angles of basalt and filament wound glass fibre-reinforced tubes have resulted a
significant improvement in energy absorption capability compare to synthetic glass fibre
tube. Otherwise, in other studies of natural fibres as hybrid component by Mahdi et al.
(E Mahdi et al., 2003), have depicted the significant enhancements in mechanical
properties and energy absorption value with damage tolerance were distinguished.

The hybrid composite tube consist of continuous kenaf fibre yarn as a reinforcement
fibre has indicate as extremely valuable natural fibre with robust mechanical properties,
moreover, kenaf yarn was excellent in previous fabrication technique such extruded or
hand-lay technique and also can be optimize with the filament winding process, which
has compared with glass fibre composite tube. From the study by Safri et al. (Safri et al.,
2017), has showed that hybrid natural/synthetic which consist kenaf fibre as hybrid
reinforcement material was displayed an excellent impact property. Therefore, also has
selected as hybrid natural/synthetic due to previous studies which has displayed an
excellent impact property. Meanwhile, the study by Meon et al. (Meon et al., 2012) has
indicated that potential in kenaf reinforced fibre with thermosets and thermoplastics
polymer has improved significantly the tensile properties of the structure.

To understanding the load effect on failure mode or damage characteristics while
exploiting the resistance of structural materials, the energy absorption composite tube
applications should consider structural integrity with crashworthiness performance
under both static and dynamic conditions. Therefore, the advantages of filament winding
technique in this present study, have offered a stable combination of distinct fibres
placement and consistency of fibre/matrix distribution to resist compression or impact
loads in progressive collapse mode behaviour. Moreover, kenaf/glass hybrid composite
tubes have demonstrated a different crashworthiness characteristic over a synthetic glass
fibre composite tube under both of quasi-static compression load and intermediate-
velocity impact load experiments. Therefore, this present study also has investigated the
effect of winding orientation and intraply stacking sequence parameters with variation
of mass fibre fraction to strengthen and enhance the crashworthiness performance and
perform a stable collapse behaviour of hybrid kenaf/glass energy absorption under quasi-
static compression load and impact load condition.

1.2 Problem Statements

A composite material in many tubular structural studies has proved the excellent
performance in improving the crashworthiness performance and easy to customize in
various technique of fabrications. Therefore, fibre-reinforced polymers receive
considerable attention in various structural applications which these materials have great
features in high tensile strength, chemical resistance, dimensional stability as well as
excellent insulation properties. Apart from this, varieties of composite materials have

3



been attributed as energy-absorbing devices, therefore, the optimization of hybridization
technique in energy absorption tube application has displayed the advantage of
utilization of various composite hybrid materials from synthetic, metal or natural
components and elevate their high specific strength and high specific stiffness but also
in their capacity to dissipate impact energy.

The hybrid material component from natural fibres more likely used as a substitution for
existing bulky synthetic materials have inspired an interest in various engineering
applications where the goal is to preserve the environment and reduce the dependency
on synthetic material. Utilising natural fibres such as kenaf, jute, hemp and wood pulp
as a reinforcement in composite energy absorption tubes is an alternative answer to
negative environmental effects due to disposal process of synthetic fibre which are not
easily degrade. Therefore, natural fibres have other great of interest, they are abundantly
available around the world, especially in tropical Asian countries. Moreover, the
hybridization of natural fibre with stronger and more corrosion-resistant synthetic fibre
will generally enhance the stiffness, strength and moisture-resistant behaviour and would
contribute into decreases the consumption of synthetic material into high performance
structure applications. Hence, a balance between the environmental impact and
performance aspect can be achieved.

From the previous studies, the hybrid energy absorption tube has tailored with most
existing technique of manual hand lay-up and pultrusion, where it was found was very
difficult to merging various type of fibre material especially natural and synthetic fibres.
Therefore, the concept of hybridisation of natural and synthetic materials with filament
winding technique has provides flexibility to tailor various material properties according
to specific requirements, which is one of the major advantages of the hybridisation
concept in composite structures. Hybridization technique uses the filament winding
process provide the advantage in merging of different-continuous fibre composites into
a single hybrid fibre composite band of a tubular structure. The fabrication process of
cylindrical composite structures with filament winding technique provide persistent
quality in geometrical accuracy, high fibre volume fractions and load stresses compared
to other fabrication processes (Aleksendri¢ & Carlone, 2015; Martins et al., 2014;
Quanjin et al., 2018; Ramesh, 2016; Savage, 2010). The filament winding technique
structures could be tailored or customised with the prominent effect on the winding
orientation parameters to improve the collapsing behaviour and other improvements that
influenced the energy absorption capability (Gramoll & Ramaprasad, 1995; Hu et al.,
2016; Morozov, 2006; Ricciardi et al., 2019; Rousseau wt al., 1999). Besides, in previous
technique in combination of natural and synthetic materials as energy absorption tube
have limitation in parameter to improve crashworthiness performance and collapse
behaviour. Therefore, filament winding has great benefit to tailored various material
properties into specific requirements of application.



1.3 Research Objectives

The specific objectives of this study are stated as follows;

a) To investigate the crashworthiness characteristic and failures mode behaviour
of hybrid and glass composite energy absorption tube with the effect of winding
orientation parameter under quasi-static (QS) experiments.

b) To investigate the crashworthiness characteristic and failures mode behaviour
of hybrid and glass composite energy absorption tube with the effect of winding
orientation parameter under intermediate-velocity impact (IVI) experiments.

¢) To investigate the crashworthiness characteristic and failures mode behaviour
of hybrid and glass composite energy absorption tube with the effect of stacking
sequence parameter under quasi-static (QS) experiments

d) To investigate the crashworthiness characteristic and failures mode behaviour
of hybrid and glass composite energy absorption tube with the effect of stacking
sequence parameter under intermediate-velocity impact (IVI) experiments.

14 Significance of study

There are many processes / techniques that can apply to manufacture the hybrid
composite energy absorption tube, particularly hand lay-up technique. Filament winding
is a manufacturing process mostly suited to optimization of various fibres merge and
formed into single tubular structure. The effect of hybridization in filament winding
technique of combination of natural and synthetic fibre in multilayer of intraply fibre-
band in fabrication will be the achievement of new hybrid composite energy absorption
tube study within crashworthiness characteristic and failure mode behaviour under
quasi-static and intermediate-velocity impact tests. Therefore, the significant of this
study has elaborate as per detail below.

a) Hybridization technique in filament winding process has merged two
constituent composite fibre with equal mixture of fibres and matrix. Therefore,
the final shape of hybrid composite tube is stable and smooth.

b) Continuous rotating mandrel in the filament winding process will allowed the
hybrid composite tube fabricate with multi-fibre combination which is useful
for high strength or high stiffness tubular shaft or other similar application.

¢) The variation in crashworthiness performance and collapse behaviour could be
customised within various parameters in filament winding technique.

d) The fabrication process of hybrid composite tube in the filament winding
technique was apply the fibre/resin equal composition and controlled by
winding speed and fibre tension, therefore fibre/resin composition are stable for
entire process, thus, the quality product could transform a better result in
experiment.

e) The successful development of natural fibre materials in hybrid composition
material would provide opportunities to utilization of other natural fibre
hybridization with filament winding technique.



Furthermore, the fabrication of hybrid composite tube through filament winding
technique, the synthetic Glass Fibre-Reinforced Polymer (GFRP) composite tube will
also fabricate through similar technique, moreover the experiments result data will
differentiate with glass tube in crashworthiness characteristics and failure mode
behaviour.

1.5 Scopes and limitations of research

This research study has focused on two stage of practical work out. First stage of this
research study is to fabricate the hybrid energy absorption tube with two distinct fibres
merged into single fibre-band through automated filament winding process. Through the
process, two main parameters have been customized as parameter toward characteristic
of hybrid kenaf/glass as composite energy absorption tube, which it will undergo quasi-
static compression and intermediate-velocity impact load. Kenaf fibre, glass fibre and
incorporated with epoxy resin has been chosen as a main material due to common
material of regular consumption in composite application. The hybrid kenaf/glass
materials through filament winding process fabrication has been characteristic with
various winding orientation and various intraply stacking sequence parameter.

Second stage of this study was experimental stage, where the two parameter of
kenaf/glass hybrid composite tubes has provided by the fabrication filament winding
technique. During this stage, the crashworthiness performance and collapse behaviour
of hybrid kenaf/glass composite tube were characterized the peak load (Pmax), mean
load (Pmean), crush force efficiency (CFE), specific energy absorption (SEA) and
energy absorb (EA) were carried out under quasi-static compression load and
intermediate-velocity impact load. Additionally, the results experiment for all
parameters of hybrid composite tube will be compare with the same parameter of
synthetic glass fibre composite tube to evaluate through comparison on the primary
characteristics against the synthetic composite fibre material.

1.6 Thesis outlined

This thesis is structured into five main chapters which accordance with the thesis format
of Universiti Putra Malaysia. Thesis has been divided into sub-section to relevant areas
associated with the topics in this research. Therefore, five mains chapter in this thesis
was presented as below description;

Chapter 1: The problems that initiate this research and the research objectives were
clearly highlighted in this chapter. The significance of this work and the scope of study
were also elaborated within the chapter.



Chapter 2: This chapter presents a comprehensive literature review on the areas related
to the topic of this thesis. In addition, the research gaps obtained from the review were
also clarified within the chapter.

Chapter 3: This chapter presents the methodology used in this study for the preparation
of materials, testing procedure, and data collection.

Chapter 4: This chapter presents the result and discussion of crashworthiness and failure
mode behaviour of hybrid and glass composite tubes. Moreover, from the results, all the
characteristic will specific focus through the specific objective highlighted.

Chapter 5: And final chapter, a discussion of the overall conclusion and recommendation
for future works are presented.



REFERENCES

Abdewi, E. F., Sulaiman, S., Hamouda, A. M. S., & Mahdi, E. (2006). Effect of geometry
on the crushing behaviour of laminated corrugated composite tubes. Journal of
Materials Processing Technology, 172(3), 394-399.
https://doi.org/10.1016/j.jmatprotec.2005.07.017

Albahash, Z. F., & Ansari, M. N. M. (2017). Investigation on energy absorption of
natural and hybrid fiber under axial static crushing. Composites Science and
Technology, 151, 52—61. https://doi.org/10.1016/j.compscitech.2017.07.028

Aleksendri¢, D., & Carlone, P. (2015). Introduction to composite materials. Soft
Computing in the Design and Manufacturing of Composite Materials, 1-5.
https://doi.org/10.1533/9781782421801.1

Alkbir, M. F. M., Sapuan, S. M., Nuraini, A. A., & Ishak, M. R. (2016). Fibre properties
and crashworthiness parameters of natural fibre-reinforced composite structure:
A literature review. Composite Structures, 148, 59-73.
https://doi.org/10.1016/j.compstruct.2016.01.098

Amel, B. A., Paridah, M. T., Sudin, R., Anwar, U. M. K., & Hussein, A. S. (2013). Effect
of fiber extraction methods on some properties of kenaf bast fiber. Industrial
Crops and Products. https://doi.org/10.1016/j.indcrop.2012.12.015

Anuar, N. 1. S., Zakaria, S., Gan, S., Chia, C. H., Wang, C., & Harun, J. (2019).
Comparison of the morphological and mechanical properties of oil Palm EFB
fibres and kenaf fibres in nonwoven reinforced composites. /ndustrial Crops and
Products, 127(June 2018), 55-65. https://doi.org/10.1016/j.indcrop.2018.09.056

Ashby, M. F., & Bréchet, Y. J. M. (2003). Designing hybrid materials. Acta Materialia,
51(19), 5801-5821. https://doi.org/10.1016/S1359-6454(03)00441-5

ASTM International takes. (2011). Standard test method for ignition loss of cured
reinforced resin. West Conshohocken (PA): ASTM, 1-3.
https://doi.org/10.1520/D2584-08.2

Athijayamani, A., Thiruchitrambalam, M., Natarajan, U., & Pazhanivel, B. (2009).
Effect of moisture absorption on the mechanical properties of randomly oriented
natural fibers/polyester hybrid composite. Materials Science and Engineering A,
517(1-2), 344-353. https://doi.org/10.1016/j.msea.2009.04.027

Audibert, C., Andreani, A., Lainé, E., & Grandidier, J. (2018). Mechanical
characterization and damage mechanism of a new fl ax-Kevlar hybrid / epoxy
composite. Composite Structures, 195(March), 126-135.
https://doi.org/10.1016/j.compstruct.2018.04.061

Aziz, S. H., & Ansell, M. P. (2004). The effect of alkalization and fibre alignment on the
mechanical and thermal properties of kenaf and hemp bast fibre composites: Part
1 - polyester resin matrix. Composites Science and Technology, 64(9), 1219—
1230. https://doi.org/10.1016/j.compscitech.2003.10.001

82



Babatunde, O. E., Yatim, J. M., Ishak, Y., Masoud, R., & Meisam, R. (2015).
POTENTIALS OF KENAF FIBRE IN BIO-COMPOSITE PRODUCTION: A
REVIEW. Jurnal Teknologi (Sciences & Engineering), 12(77), 23-30.

Baldan, A. (2004). Adhesively-bonded joints and repairs in metallic alloys, polymers
and composite materials: Adhesives, adhesion theories and surface pretreatment.
Journal of Materials Science, 39(1), 1-49.
https://doi.org/10.1023/B:JMSC.0000007726.58758.¢4

Baroutaji, A., Sajjia, M., & Olabi, A. G. (2017). On the crashworthiness performance of
thin-walled energy absorbers: Recent advances and future developments. Thin-
Walled Structures, 118(May), 137-163.
https://doi.org/10.1016/j.tws.2017.05.018

Benefits, P. (2019). https://www.owenscorning.com/composites/product/se1200.

Bisagni, C., Di Pietro, G., Fraschini, L., & Terletti, D. (2005). Progressive crushing of
fiber-reinforced composite structural components of a Formula One racing car.
Composite Structures, 68(4), 491-503.
https://doi.org/10.1016/j.compstruct.2004.04.015

Brahim, S. Ben, & Cheikh, R. Ben. (2007). Influence of fibre orientation and volume
fraction on the tensile properties of unidirectional Alfa-polyester composite.
Composites Science and Technology, 67(1), 140-147.
https://doi.org/10.1016/j.compscitech.2005.10.006

Burgueio, R., Quagliata, M. J., Mohanty, A. K., Mehta, G., Drzal, L. T., & Misra, M.
(2005). Hybrid biofiber-based composites for structural cellular plates.
Composites Part A: Applied Science and Manufacturing, 36(5), 581-593.
https://doi.org/10.1016/j.compositesa.2004.08.004

Chawla, K. K. (2009). Glass Fibers ( GF ) Glass Fibers ( GF ), 2009.

Chen, D., Luo, Q., Meng, M., Li, Q., & Sun, G. (2019). Low velocity impact behavior
of interlayer hybrid composite laminates with carbon/glass/basalt fibres.
Composites Part B: Engineering, 176(June), 107191.
https://doi.org/10.1016/j.compositesb.2019.107191

Chen, D., Sun, G., Jin, X., & Li, Q. (2020). Quasi-static bending and transverse crushing
behaviors for hat-shaped composite tubes made of CFRP, GFRP and their hybrid
structures.  Composite  Structures,  239(September  2019), 111842.
https://doi.org/10.1016/j.compstruct.2019.111842

Chiu, C. H., Tsai, K., & Huang, W. J. (1999). Crush-failure modes of 2D triaxially
braided hybrid composite tubes, 59(February), 1713—-1723.

Chiu, L. N. S., Falzon, B. G., Ruan, D., Xu, S., Thomson, R. S., Chen, B., & Yan, W.
(2015). Crush responses of composite cylinder under quasi-static and dynamic
loading. Composite Structures, 131, 90-98.
https://doi.org/10.1016/j.compstruct.2015.04.057

83



Clifton, S., Thimmappa, B. H. S. S., Selvam, R., & Shivamurthy, B. (2020). Polymer
nanocomposites for high-velocity impact applications-A review. Composites
Communications, 17(August 2019), 72-86.
https://doi.org/10.1016/j.coc0.2019.11.013

D7136, A. (2005). Standard Test Method for Measuring the Damage Resistance of a
Fiber-Reinforced Polymer Matrix Composite to a Drop-Weight Impact Event.
ASTM International. Designation: D, i(C), 1-16. https://doi.org/10.1520/D7136

Dahy, H. (2017). Biocomposite materials based on annual natural fibres and biopolymers
— Design, fabrication and customized applications in architecture. Construction
and Building Materials, 147, 212-220.
https://doi.org/10.1016/j.conbuildmat.2017.04.079

Daneshi, G. H., & Hosseinipour, S. J. (2002). Grooves effect on crashworthiness
characteristics of thin-walled tubes under axial compression. Materials and
Design, 23(7), 611-617. https://doi.org/10.1016/S0261-3069(02)00052-3

Davallo, M., Pasdar, H., & Mohseni, M. (2010). Mechanical Properties of Unsaturated
Polyester Resin. ChemTech, 2(4), 2113-2117.

Davoodi, M. M., Sapuan, S. M., Ahmad, D., Ali, A., Khalina, A., & Jonoobi, M. (2010).
Mechanical properties of hybrid kenaf/glass reinforced epoxy composite for
passenger car bumper beam. Materials and Design, 31(10), 4927-4932.
https://doi.org/10.1016/j.matdes.2010.05.021

Derradji, M., Wang, J., & Liu, W. (2018). Fiber-Reinforced Phthalonitrile Composites.
Phthalonitrile Resins and Composites. https://doi.org/10.1016/b978-0-12-
812966-1.00005-6

El-hage, H., Mallick, P. K., & Zamani, N. (2006). A numerical study on the quasi-static
axial crush characteristics of square aluminum — composite hybrid tubes, 73, 505—
514. https://doi.org/10.1016/j.compstruct.2005.03.004

Elgalai, A. M., Mahdi, E., Hamouda, A. M. S., & Sahari, B. S. (2004). Crushing response
of composite corrugated tubes to quasi-static axial loading. Composite Structures,
66(1-4), 665—671. https://doi.org/10.1016/j.compstruct.2004.06.002

Ellyin, F., Carroll, M., Kujawski, D., & Chiu, a. S. (1997). The behavior of
multidirectional filament wound fibreglass/epoxy tubulars under biaxial loading.
Composites Part A: Applied Science and Manufacturing, 28(9—10), 781-790.
https://doi.org/10.1016/S1359-835X(97)00021-3

Eshkoor, R. A., Oshkovr, S. A., Sulong, A. B., Zulkifli, R., Ariffin, A. K., & Azhari, C.
H. (2013). Comparative research on the crashworthiness characteristics of woven
natural silk/epoxy composite tubes. Materials and Design, 47, 248-257.
https://doi.org/10.1016/j.matdes.2012.11.030

84



Eshkoor, R. A., Ude, A. U., Oshkovr, S. A., Sulong, A. B., Zulkifli, R., Ariffin, A. K.,
& Azhari, C. H. (2014). Failure mechanism of woven natural silk/epoxy
rectangular composite tubes under axial quasi-static crushing test using trigger

mechanism. [International Journal of Impact FEngineering, 64, 53-61.
https://doi.org/10.1016/j.ijjimpeng.2013.09.004

Fahim, I. S., Elhaggar, S. M., & Elayat, H. (2012). Experimental Investigation of Natural
Fiber Reinforced Polymers, 2012(February), 59-66.
https://doi.org/10.4236/msa.2012.32009

Farely, G. L. (1986). Effect of specimen geometry on the energy absorption of composite
materials. Journal of Composite Materials, 20(July), 390.

Faruk, O., Bledzki, A. K., Fink, H. P., & Sain, M. (2012). Biocomposites reinforced with
natural fibers: 2000-2010. Progress in Polymer Science, 37(11), 1552—-1596.
https://doi.org/10.1016/j.progpolymsci.2012.04.003

Fu, S. Y., & Lauke, B. (1996). Effects of fiber length and fiber orientation distributions
on the tensile strength of short-fiber-reinforced polymers. Composites Science
and  Technology, 56(10), 1179-1190. https://doi.org/10.1016/S0266-
3538(96)00072-3

Gemi, L. (2018). Investigation of the effect of stacking sequence on low velocity impact
response and damage formation in hybrid composite pipes under internal
pressure. A comparative study. Composites Part B: Engineering, 153(July), 217—
232. https://doi.org/10.1016/j.compositesb.2018.07.056

Gramoll, K., & Ramaprasad, S. (1995). Effects of band weaving on fiber strength in
filament-wound composite structures. Composites Engineering, 5(4), 363-373.
https://doi.org/10.1016/0961-9526(94)00103-G

Gurunathan, T., Mohanty, S., & Nayak, S. K. (2015). A review of the recent
developments in biocomposites based on natural fibres and their application
perspectives. Composites Part A: Applied Science and Manufacturing, 77, 1-25.
https://doi.org/10.1016/j.compositesa.2015.06.007

Hakeem, K. R., Jawaid, M., & Alothman, O. Y. (2015). Agricultural biomass based
potential materials. Agricultural Biomass Based Potential Materials.

https://doi.org/10.1007/978-3-319-13847-3

Hamidon, M. H., Sultan, M. T. H., Ariffin, A. H., & Shah, A. U. M. (2019). Effects of
fibre treatment on mechanical properties of kenaf fibre reinforced composites: A
review. Journal of Materials Research and Technology, 8(3), 3327-3337.
https://doi.org/10.1016/j.jmrt.2019.04.012

Haq, M., Burgueiio, R., Mohanty, A. K., & Misra, M. (2008). Hybrid bio-based
composites from blends of unsaturated polyester and soybean oil reinforced with
nanoclay and natural fibers. Composites Science and Technology, 68(15-16),
3344-3351. https://doi.org/10.1016/j.compscitech.2008.09.007

85



Hashim, N., Majid, D. L. A., Mahdi, E. S., Zahari, R., & Yidris, N. (2019). Effect of
fiber loading directions on the low cycle fatigue of intraply carbon-Kevlar
reinforced epoxy hybrid composites. Composite Structures, 212(July 2018), 476—
483. https://doi.org/10.1016/j.compstruct.2019.01.036

Heimbs, S., Strobl, F., Middendorf, P., & Guimard, J. M. (2010). Composite crash
absorber for aircraft fuselage applications. WIT Transactions on the Built
Environment, 113, 3—14. https://doi.org/10.2495/SU100011

Hitchen, S. A., & Kemp, R. M. J. (1995). The effect of stacking sequence on impact
damage in a carbon fibre/epoxy composite. Composites, 26(3), 207-214.
https://doi.org/10.1016/0010-4361(95)91384-H

Hou, T., Pearce, G. M. K., Prusty, B. G., Kelly, D. W., & Thomson, R. S. (2015).
Pressurised composite tubes as variable load energy absorbers. COMPOSITE
STRUCTURE, 120, 346-357. https://doi.org/10.1016/j.compstruct.2014.09.060

Hu, D., Zhang, C., Ma, X., & Song, B. (2016). Effect of fiber orientation on energy
absorption characteristics of glass cloth/epoxy composite tubes under axial quasi-
static and impact crushing condition. Composites Part A: Applied Science and
Manufacturing, 90, 489-501. https://doi.org/10.1016/j.compositesa.2016.08.017

Hua, G., SuZhun, G., Liu, Q., Li, G., & Li, Q. (2017). On crushing characteristics of
different configurations of metal-composites hybrid tubes. Composite Structures,
175, 58-69. https://doi.org/10.1016/j.compstruct.2017.04.072

Hufenbach, W., Blazejewski, W., Kroll, L., Bohm, R., Gude, M., & Czulak, A. (2005).
Manufacture and multiaxial test of composite tube specimens with braided glass
fiber reinforcement. Journal of Materials Processing Technology, 162—
163(SPEC. ISS.), 65—70. https://doi.org/10.1016/j.jmatprotec.2005.02.212

Hull, D. (1991). A Unified Approach to Progressive Crushing of Fiber-Reinforced
Composite Tubes. Composites Science and Technology, 40(4), 377-421.
https://doi.org/10.1016/0266-3538(91)90031-J

Idicula, M., Malhotra, S. K., Joseph, K., & Thomas, S. (2005). Dynamic mechanical
analysis of randomly oriented intimately mixed short banana/sisal hybrid fibre
reinforced polyester composites. Composites Science and Technology, 65(7-8),
1077—-1087. https://doi.org/10.1016/j.compscitech.2004.10.023

Information, P., & Resin, L. E. (n.d.). D.e.r.™ 324, (296), 1-5.

Jacob, G. C., Fellers, J. F., Simunovic, S., & Starbuck, J. M. (2002). Energy absorption
in polymer composites for automotive crashworthiness. Journal of Composite
Materials, 36(7), 813—-850. https://doi.org/10.1106/002199802023164

Jarukumjorn, K., & Suppakarn, N. (2009). Effect of glass fiber hybridization on

properties of sisal fiber-polypropylene composites. Composites Part B:
Engineering, 40(7), 623—627. https://doi.org/10.1016/j.compositesb.2009.04.007

86



Jia, X., Chen, G., Yu, Y., Li, G., Zhu, J., Luo, X., ... Hui, D. (2013). Effect of geometric
factor, winding angle and pre-crack angle on quasi-static crushing behavior of
filament wound CFRP cylinder. Composites Part B: Engineering, 45(1), 1336—
1343, https://doi.org/10.1016/j.compositesb.2012.09.060

John, M. J., & Thomas, S. (2008). Biofibres and biocomposites. Carbohydrate Polymers,
71(3), 343-364. https://doi.org/10.1016/j.carbpol.2007.05.040

Joseph, K., Varghese, S., Kalaprasad, G., Thomas, S., Prasannakumari, L., Koshy, P., &
Pavithran, C. (1996). Influence of interfacial adhesion on the mechanical
properties and fracture behaviour of short sisal fibre reinforced polymer
composites. European Polymer  Journal, 32(10), 1243-1250.
https://doi.org/10.1016/S0014-3057(96)00051-1

Kaddour, A. S., Hinton, M. J., & Soden, P. D. (2003). Behaviour of £45° glass/epoxy
filament wound composite tubes under quasi-static equal biaxial tension-
compression loading: Experimental results. Composites Part B: Engineering,
34(8), 689—704. https://doi.org/10.1016/S1359-8368(03)00077-5

Khan, A., Vijay, R., Lenin Singaravelu, D., Arpitha, G. R., Sanjay, M. R., Siengchin, S.,
. Asiri, A. M. (2020). Extraction and characterization of vetiver grass
(Chrysopogon zizanioides) and kenaf fiber (Hibiscus cannabinus) as
reinforcement materials for epoxy based composite structures. Journal of
Materials Research and Technology, 9(1), 773-778.
https://doi.org/10.1016/j.jmrt.2019.11.017

Khodadadi, A., Liaghat, G., Bahramian, A. R., Ahmadi, H., Anani, Y., Asemani, S., &
Razmkhah, O. (2019). High velocity impact behavior of Kevlar/rubber and
Kevlar/epoxy composites: A comparative study. Composite Structures,
216(January), 159—167. https://doi.org/10.1016/j.compstruct.2019.02.080

Kim, D., Hennigan, D. J., & Beavers, K. D. (2010). Effect of fabrication processes on
mechanical properties of glass fiber reinforced polymer composites for 49 meter
(160 foot) recreational yachts. International Journal of Naval Architecture and
Ocean Engineering, 2(1), 45-56. https://doi.org/10.3744/JNAOE.2010.2.1.045

Kim, J., Yoon, H., & Shin, K. (2011). International Journal of Impact Engineering A
study on crushing behaviors of composite circular tubes with different reinforcing
fi bers. International Journal of Impact Engineering, 38(4), 198-207.
https://doi.org/10.1016/j.ijimpeng.2010.11.007

Koronis, G., Silva, A., & Fontul, M. (2013). Green composites: A review of adequate
materials for automotive applications. Composites Part B: Engineering, 44(1),
120-127. https://doi.org/10.1016/j.compositesb.2012.07.004

Kumar, K. V., Reddy, P. R., & Shankar, D. V. R. (2013). Effect of Angle Ply Orientation
On Tensile Properties Of Bi Directional Woven Fabric Glass Epoxy Composite
Laminate. International Journal of Computational Engineering Research, 03(10),
55-61.

87



Kumar, R., & Rakesh. (2016). A Review on Epoxy and Polyester Based Polymer
Concrete and Exploration of Polyfurfuryl Alcohol as Polymer Concrete. Journal
of Polymers, 2016, 1-13. https://doi.org/10.1155/2016/7249743

Lau, S. T. W., Said, M. R., & Yaakob, M. Y. (2012). On the effect of geometrical designs
and failure modes in composite axial crushing: A literature review. Composite
Structures, 94(3), 803—812. https://doi.org/10.1016/j.compstruct.2011.09.013

Li, S., Guo, X.,, Li, Q.,, & Sun, G. (2020). On lateral crashworthiness of
aluminum/composite hybrid structures. Composite Structures, 245(February),
112334. https://doi.org/10.1016/j.compstruct.2020.112334

Li, Y., Xie, L., & Ma, H. (2015). Permeability and mechanical properties of plant fi ber
reinforced hybrid composites. JMADE, 86, 313-320.
https://doi.org/10.1016/j.matdes.2015.06.164

Mahdi, E., Hamouda, A. M. S., Sahari, B. B., & Khalid, Y. A. (2003). Effect of
hybridisation on crushing behaviour of carbon / glass fibre / epoxy circular —
cylindrical shells. Journal of Materials Processing Technology, 132,49-57.

Mahdi, E., Hamouda, A. S. M., & Sen, A. C. (2004). Quasi-static crushing behaviour of
hybrid and non-hybrid natural fibre composite solid cones. Composite Structures,
66(1-4), 647-663. https://doi.org/10.1016/j.compstruct.2004.06.001

Mabhjoub, R., Yatim, J. M., Mohd Sam, A. R., & Raftari, M. (2014). Characteristics of
continuous unidirectional kenaf fiber reinforced epoxy composites. Materials and
Design, 64, 640—649. https://doi.org/10.1016/j.matdes.2014.08.010

Mamalis, A. ., Robinson, M., Manolakos, D. E., Demosthenous, G. a., Ioannidis, M. B.,
& Carruthers, J. (1997). Crashworthy capability of composite material structures.
Composite  Structures, 37(2), 109-134. https://doi.org/10.1016/S0263-
8223(97)80005-0

Mamalis, A. G., Manolakos, D. E., Ioannidis, M. B., Chronopoulos, D. G., & Kostazos,
P. K. (2009). On the crashworthiness of composite rectangular thin-walled tubes
internally reinforced with aluminium or polymeric foams: Experimental and
numerical simulation. Composite Structures, 89(3), 416-423.
https://doi.org/10.1016/j.compstruct.2008.09.008

Martins, L. A. L., Bastian, F. L., & Netto, T. A. (2014). Reviewing some design issues
for filament wound composite tubes. Materials and Design, 55, 242-249.
https://doi.org/10.1016/j.matdes.2013.09.059

Marzbanrad, J., & Ebrahimi, M. R. (2011). Multi-Objective Optimization of aluminum
hollow tubes for vehicle crash energy absorption using a genetic algorithm and
neural networks. Thin-Walled  Structures, 49(12), 1605-1615.
https://doi.org/10.1016/j.tws.2011.08.009

Melo, J. D D, Silva, A. L. S., & Villena, J. E. N. (2008). The effect of processing
conditions on the energy absorption capability of composite tubes. Composite

Structures, 82(4), 622—628. https://doi.org/10.1016/j.compstruct.2007.03.001

88



Melo, José Daniel Diniz, & Silva, A. L. dos S. (2005). Energy Absorption Capability of
Composite Tubes Under Compression Load. Proceedings of COBEM.

Meon, M. S., Othman, M. F., Husain, H., Remeli, M. F., Syahar, M., & Syawal, M.
(2012). Improving tensile properties of kenaf fibers treated with sodium
hydroxide. Procedia Engineering, 41, 1587-1592.
https://doi.org/10.1016/j.proeng.2012.07.354

Moallemzadeh, A. R., Sabet, S. A. R., & Abedini, H. (2018). Preloaded composite panels
under high velocity impact. International Journal of Impact Engineering,
114(December 2017), 153—-159. https://doi.org/10.1016/j.ijimpeng.2017.12.019

Mochane, M. J., Mokhena, T. C., Mokhothu, T. H., Mtibe, A., Sadiku, E. R., Ray, S. S.,
... Daramola, O. O. (2019). Recent progress on natural fiber hybrid composites
for advanced applications: A review. Express Polymer Letters, 13(2), 159-198.
https://doi.org/10.3144/expresspolymlett.2019.15

Mokhtar, 1., Yahya, M. Y., Abd Kader, A. S., Hassan, S. A., & Santulli, C. (2017).
Transverse impact response of filament wound basalt composite tubes.
Composites Part B: Engineering, 128, 134-145.
https://doi.org/10.1016/j.compositesb.2017.01.005

Morozov, E. V. (2006). The effect of filament-winding mosaic patterns on the strength
of thin-walled composite shells. Composite Structures, 76(1-2), 123-129.
https://doi.org/10.1016/j.compstruct.2006.06.018

Mousavi, M. V., & Khoramishad, H. (2019). The effect of hybridization on high-velocity
impact response of carbon fiber-reinforced polymer composites using finite
element modeling, Taguchi method and artificial neural network. Aerospace
Science and Technology, 94, 105393. https://doi.org/10.1016/j.ast.2019.105393

Naghipour, P., Bartsch, M., Chernova, L., Hausmann, J., & Voggenreiter, H. (2010).
Effect of fiber angle orientation and stacking sequence on mixed mode fracture
toughness of carbon fiber reinforced plastics: Numerical and experimental
investigations. Materials Science and Engineering A, 527(3), 509-517.
https://doi.org/10.1016/j.msea.2009.07.069

Nunna, S., Chandra, P. R., Shrivastava, S., & Jalan, A. K. (2012). A review on
mechanical behavior of natural fiber based hybrid composites. Journal of
Reinforced Plastics and Composites, 31(11), 759-769.
https://doi.org/10.1177/0731684412444325

Nystrom, B. (2007). Natural Fiber Composites : A Review. Engineering, 15(March),
281-285. Retrieved from
http://www.sciencedirect.com/science/article/pii/S1359836809000614

Obradovic, J., Boria, S., & Belingardi, G. (2012). Lightweight design and crash analysis

of composite frontal impact energy absorbing structures. Composite Structures,
94(2), 423-430. https://doi.org/10.1016/j.compstruct.2011.08.005

89



Olabi, A. G., Morris, E., & Hashmi, M. S. J. (2007). Metallic tube type energy absorbers:
A synopsis. Thin-Walled Structures, 45(7-8), 706-726.
https://doi.org/10.1016/j.tws.2007.05.003

Ozbek, O., Bozkurt, O. Y., & Erklig, A. (2019). An experimental study on intraply fiber
hybridization of filament wound composite pipes subjected to quasi-static
compression loading. Polymer Testing, 79(March), 106082.
https://doi.org/10.1016/j.polymertesting.2019.106082

Pavithran, C., Mukherjee, P. S., & Brahmakumar, M. (1991). Coir-Glass Intermingled
Fibre Hybrid Composites. Journal of Reinforced Plastics and Composites, 10(1),
91-101. https://doi.org/10.1177/073168449101000106

Paz, J., Diaz, J., Romera, L., & Costas, M. (2014). Crushing analysis and multi-objective
crashworthiness optimization of GFRP honeycomb-filled energy absorption
devices. Finite Elements in Analysis and Design, 91, 30-39.
https://doi.org/10.1016/j.finel.2014.07.006

Pepper, T. (2001). Polyester Resins. ASM  Handbook, = Composits.
https://doi.org/10.1361/asmhba0003363

Quanjin, M., Rejab, M. R. M., Kaige, J., Idris, M. S., & Harith, M. N. (2018). Filament
winding technique, experiment and simulation analysis on tubular structure. JOP
Conference  Series:  Materials  Science and  Engineering,  342(1).
https://doi.org/10.1088/1757-899X/342/1/012029

Rabiee, A., & Ghasemnejad, H. (2019). Lightweight design to improve crushing
behaviour of multi-stitched composite tubular structures under impact loading.
Thin-Walled Structures, 135(August 2018), 109-122.
https://doi.org/10.1016/j.tws.2018.11.002

Rabiee, Ali, & Ghasemnejad, H. (2017). Progressive Crushing of Polymer Matrix
Composite Tubular Structures: Review. Open Journal of Composite Materials,
07(01), 14—48. https://doi.org/10.4236/0jcm.2017.71002

Ramesh, M. (2016). Kenaf (Hibiscus cannabinus L.) fibre based bio-materials: A review
on processing and properties. Progress in Materials Science, 7879, 1-92.
https://doi.org/10.1016/j.pmatsci.2015.11.001

Ray, D., Sarkar, B. K., Rana, A. K., & Bose, N. R. (2001). Mechanical properties of
vinylester resin matrix composites reinforced with alkali-treated jute fibres.
Composites Part A: Applied Science and Manufacturing, 32(1), 119-127.
https://doi.org/10.1016/S1359-835X(00)00101-9

Rezvani, M. J., & Jahan, A. (2015). Effect of initiator, design, and material on
crashworthiness performance of thin-walled cylindrical tubes: A primary multi-
criteria analysis in lightweight design. Thin-Walled Structures, 96, 169—-182.
https://doi.org/10.1016/j.tws.2015.07.026

90



Ricciardi, M. R., Papa, 1., Lopresto, V., Langella, A., & Antonucci, V. (2019). Effect of
hybridization on the impact properties of flax/basalt epoxy composites: Influence
of the stacking sequence. Composite Structures, 214(January), 476-485.
https://doi.org/10.1016/j.compstruct.2019.01.087

Rousseau, J., Perreux, D., & Verdiére, N. (1999). The influence of winding patterns on
the damage behaviour of filament-wound pipes. Composites Science and
Technology, 59(9), 1439—-1449. https://doi.org/10.1016/S0266-3538(98)00184-5

Roy, P., Deepu, S. P., Pathrikar, A., Roy, D., & Reddy, J. N. (2017). Phase field based
peridynamics damage model for delamination of composite structures. Composite
Structures, 180, 972-993. https://doi.org/10.1016/j.compstruct.2017.08.071

Saba, N., Paridah, M. T., & Jawaid, M. (2015). Mechanical properties of kenaf fibre
reinforced polymer composite: A review. Construction and Building Materials,
76, 87-96. https://doi.org/10.1016/j.conbuildmat.2014.11.043

Safri, S. N. A., Sultan, M. T. H., Jawaid, M., & Jayakrishna, K. (2018). Impact behaviour
of hybrid composites for structural applications: A review. Composites Part B:
Engineering, 133, 112—121. https://doi.org/10.1016/j.compositesb.2017.09.008

Safri, S., Sultan, M., Yidris, N., & Mustapha, F. (2014). Low Velocity and High Velocity
Impact Test on Composite Materials—A review. Int. J. Eng. Sci, 50-60.

Saiteja, J., Jayakumar, V., & Bharathiraja, G. (2020). Evaluation of mechanical
properties of jute fiber/carbon nano tube filler reinforced hybrid polymer
composite. Materials Today: Proceedings, 22, 756-758.
https://doi.org/10.1016/j.matpr.2019.10.110

Salleh, Z., Taib, Y. M., Hyie, K. M., Mihat, M., Berhan, M. N., & Ghani, M. A. A.
(2012). Fracture toughness investigation on long kenaf/woven glass hybrid
composite due to water absorption effect. In Procedia Engineering.
https://doi.org/10.1016/j.proeng.2012.07.366

Sanjay, M. R., Arpitha, G. R., & Yogesha, B. (2015). Study on Mechanical Properties
of Natural - Glass Fibre Reinforced Polymer Hybrid Composites: A Review.
Materials Today: Proceedings, 2(4-5), 2959-2967.
https://doi.org/10.1016/j.matpr.2015.07.264

Sanjay, M. R. R., Madhu, P., Jawaid, M., Senthamaraikannan, P., Senthil, S., & Pradeep,
S. (2017). Characterization and Properties of Natural Fiber Polymer Composites:
A Comprehensive Review. Journal of Cleaner Production, 172, 566—581.
https://doi.org/10.1016/j.jclepro.2017.10.101

Sanjay, M., & Yogesha, B. (2017). Studies on Natural/Glass Fiber Reinforced Polymer

Hybrid Composites: An Evolution. Materials Today: Proceedings, 4(2), 2739—
2747. https://doi.org/10.1016/j.matpr.2017.02.151

91



Sarasini, F., Tirillo, J., Valente, M., Ferrante, L., Cioffi, S., lannace, S., & Sorrentino, L.
(2013). Hybrid composites based on aramid and basalt woven fabrics: Impact
damage modes and residual flexural properties. Materials and Design, 49, 290—
302. https://doi.org/10.1016/j.matdes.2013.01.010

Savage, G. (2010). Formula 1 Composites Engineering. Engineering Failure Analysis,
17(1), 92—115. https://doi.org/10.1016/j.engfailanal.2009.04.014

Shanmugam, D., & Thiruchitrambalam, M. (2013). Static and dynamic mechanical
properties of alkali treated unidirectional continuous Palmyra Palm Leaf Stalk
Fiber/jute fiber reinforced hybrid polyester composites. Materials and Design, 50,
533-542. https://doi.org/10.1016/j.matdes.2013.03.048

Shotton-Gale, N., Harris, D., Pandita, S. D., Paget, M. A., Allen, J. A., & Fernando, G.
F. (2009). Clean and environmentally friendly wet-filament winding.
Management, Recycling and Reuse of Waste Composites, (C), 331-368.
https://doi.org/10.1533/9781845697662.4.331

Soden, P. D, Kitching, R., Tse, P. C., Tsavalas, Y., & Hinton, M. J. (1993). Influence of
winding angle on the strength and deformation of filament-wound composite
tubes subjected to uniaxial and biaxial loads. Composites Science and
Technology, 46(4), 363—378. https://doi.org/10.1016/0266-3538(93)90182-G

Sofi, T., Neunkirchen, S., & Schledjewski, R. (2018). Path calculation, technology and
opportunities in dry fiber winding: a review. Advanced Manufacturing: Polymer
and Composites Science, 4(3), 57-72.
https://doi.org/10.1080/20550340.2018.1500099

Souzangarzadeh, H., Rezvani, M. J., & Jahan, A. (2017). Selection of optimum design
for conical segmented aluminum tubes as energy absorbers: Application of
MULTIMOORA method. Applied Mathematical Modelling, 51, 546-560.
https://doi.org/10.1016/j.apm.2017.07.005

Spillers, W. R. (2002). Introduction to structures. Introduction to Structures, 164.
https://doi.org/10.1533/9781782420552

Sun, G., Wang, Z., Hong, J., Song, K., & Li, Q. (2018). Experimental investigation of
the quasi-static axial crushing behavior of filament-wound CFRP and
aluminum/CFRP hybrid tubes. Composite Structures, 194(January), 208-225.
https://doi.org/10.1016/j.compstruct.2018.02.005

Supian, A. B. M., Sapuan, S. M., Zuhri, M. Y. M., Zainudin, E. S., & Ya, H. H. (2019).
Crashworthiness performance of hybrid kenaf/glass fiber reinforced epoxy tube
on winding orientation effect under quasi-static compression load. Defence
Technology, (xxxx). https://doi.org/10.1016/j.dt.2019.11.012

Swaminathan, N., & Averill, R. C. (2006). Contribution of failure mechanisms to crush
energy absorption in a composite tube. Mechanics of Advanced Materials and
Structures, 13(1), 51-59. https://doi.org/10.1080/15376490500343782

92



Swolfs, Y., Gorbatikh, L., & Verpoest, I. (2014). Fibre hybridisation in polymer
composites: A review. Composites Part A: Applied Science and Manufacturing,
67, 181-200. https://doi.org/10.1016/j.compositesa.2014.08.027

Syafigah Nur Azrie Safri, Mohamed Thariq Hameed Sultan, Mohammad Jawaid, K. J.
(2017). Impact behaviour of hybrid composites for structural applications: A
review. Composites Part B, 133, 112-121.
https://doi.org/10.1016/j.compositesb.2017.09.008

Tarlochan, F., Ramesh, S., & Harpreet, S. (2012). Advanced composite sandwich
structure design for energy absorption applications: Blast protection and
crashworthiness. Composites Part B: Engineering, 43(5), 2198-2208.
https://doi.org/10.1016/j.compositesb.2012.02.025

Thiruchitrambalam, M., Alavudeen, A., & Venkateshwaran, N. (2012). Review on kenaf
fiber composites. Reviews on Advanced Materials Science, 32(2), 106—112.
https://doi.org/10.1016/j.compositesb.2012.04.068

Thomas, S. (2002). Hybrid Composites. Biocomposites, (December), 315-328.
https://doi.org/10.1016/B978-0-08-050073-7.50014-2

Thornton, P. H., & Edwards, P. J. (1982). Energy Absorption in Composite Tubes.
Journal of Composite Materials, 16(6), 521-545.
https://doi.org/10.1177/002199838201600606

Thronton Harwood,J.J & Beardmore,P, P. H. (1985). Fiber reinforced plastic
composites for energy absorption purposes. Composite Science Technology, 24,
275-298.

Thwe, M. O. E. M. O. E., & Liao, K. I. N. (2000). Characterization of bamboo-glass
fiber reinforced polymer matrix hybrid composite. Materials Engineering, 1873—
1876. https://doi.org/10.1023/A:1006731531661

Wambua, P., Ivens, J., & Verpoest, 1. (2003). Natural fibres: Can they replace glass in
fibre reinforced plastics? Composites Science and Technology, 63(9), 1259—1264.
https://doi.org/10.1016/S0266-3538(03)00096-4

Warrior, N. A., Turner, T. A., Cooper, E., & Ribeaux, M. (2008). Effects of boundary
conditions on the energy absorption of thin-walled polymer composite tubes
under axial crushing. Thin-Walled  Structures, 46(7-9), 905-913.
https://doi.org/10.1016/j.tws.2008.01.023

Webber, C. L. 1., & Bledsoe, V. K. (2002). Kenaf Yield Components and Plant
Composition. Trends in New Crops and New Uses, 348-357.

Xiao, X. (2009). Modeling energy absorption with a damage mechanics based composite

material model. Journal of Composite Materials, 43(5), 427-444.
https://doi.org/10.1177/0021998308097686

93



Xu, J., Ma, Y., Zhang, Q., Sugahara, T., Yang, Y., & Hamada, H. (2016a).
Crashworthiness of carbon fiber hybrid composite tubes molded by filament
winding. Composite Structures, 139, 130-140.
https://doi.org/10.1016/j.compstruct.2015.11.053

Xu, J., Ma, Y., Zhang, Q., Sugahara, T., Yang, Y., & Hamada, H. (2016Db).
Crashworthiness of carbon fiber hybrid composite tubes molded by filament
winding. Composite Structures, 139, 130-140.
https://doi.org/10.1016/j.compstruct.2015.11.053

Yahaya, R., Sapuan, S. M., Jawaid, M., Leman, Z., & Zainudin, E. S. (2016). Effect of
fibre orientations on the mechanical properties of kenaf—aramid hybrid
composites for spall-liner application. Defence Technology, 12(1), 52-58.
https://doi.org/10.1016/j.dt.2015.08.005

Yan, L., & Chouw, N. (2013). Crashworthiness characteristics of flax fibre reinforced
epoxy tubes for energy absorption application. Materials and Design, 51, 629—
640. https://doi.org/10.1016/j.matdes.2013.04.014

Yan, L., & Chouw, N. (2014). Natural FRP tube confined fibre reinforced concrete under
pure axial compression: A comparison with glass/carbon FRP. Thin-Walled
Structures, 82, 159—169. https://doi.org/10.1016/j.tws.2014.04.013

Yan, L., Chouw, N., & Jayaraman, K. (2014). Effect of triggering and polyurethane
foam-filler on axial crushing of natural flax / epoxy composite tubes. JOURNAL
OF MATERIALS&DESIGN, 56, 528-541.
https://doi.org/10.1016/j.matdes.2013.11.068

Yu, C., Tao, W., Calamari, T. A., Sakthivel, S., Ramachandran, T., Kane, F., ... Ahmed,
S. (2012). Physical and Mechanical Properties of Nonwoven Based on Kenaf
Fibers. Industrial Crops and Products, 7(1), 1-11.
https://doi.org/10.3993/jf6i03201401

Zakaria, M. R., Md Akil, H., Abdul Kudus, M. H., Ullah, F., Javed, F., & Nosbi, N.
(2019). Hybrid carbon fiber-carbon nanotubes reinforced polymer composites: A
review.  Composites  Part B:  Engineering, 176(April), 107313.
https://doi.org/10.1016/j.compositesb.2019.107313

Zhang, J., Chaisombat, K., He, S., & Wang, C. H. (2012). Hybrid composite laminates
reinforced with glass/carbon woven fabrics for lightweight load bearing
structures. Materials and Design, 36, 75-80.
https://doi.org/10.1016/j.matdes.2011.11.006

Zhang, T. (2003). Improvement of Kenaf Yarn for Apparel Applications. LSU Master’s
Theses, (August), 1-85. https://doi.org/10.1080/00102200601093498

Zhang, X., Cheng, G., You, Z., & Zhang, H. (2007). Energy absorption of axially

compressed thin-walled square tubes with patterns. Thin-Walled Structures,
45(9), 737-746. https://doi.org/10.1016/j.tws.2007.06.004

94



Zhu, G., Sun, G., Liu, Q., Li, G., & Li, Q. (2017). On crushing characteristics of different
configurations of metal-composites hybrid tubes. Composite Structures, 175, 58—
69. https://doi.org/10.1016/j.compstruct.2017.04.072

Zuraida, A., Khalid, A. A., & Ismail, A. F. (2007). Performance of hybrid filament

wound composite tubes subjected to quasi static indentation. Materials and
Design, 28(1), 71-77. https://doi.org/10.1016/j.matdes.2005.06.024

95



	Blank Page



