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The range of applications involving natural fiber composites in engineering
design is still limited due to a lack of understanding of the long-term behavior
of these materials, especially under cyclic fatigue loading. The primary aim of
this research was to experimentally determine the monotonic properties and
fatigue life behavior of woven kenaf fiber reinforced unsaturated polyester
composites and the effects of hybridization of E-glass fabric on these
properties through stages of hybridization and different states of stress. This
work was divided into four stages to achieve the specified objectives. The first
stage investigated the mechanical properties of a single layer of woven kenaf
reinforced unsaturated polyester, fabricated by vacuum infusion and hand lay-
up. The results showed an overall improvement in tensile and flexural
strengths also their corresponding moduli for composites fabricated by the
hand lay-up when compared with the ones fabricated by vacuum infusion.
Therefore, hand lay-up method was adopted to fabricate the hybrid
composites in the next stages. The second stage focused on comparing the
effect of kenaf fiber alignment on the monotonic and fatigue properties of
kenaf/glass hybrid composites laminate with glass shell and kenaf core. Three
types of kenaf fibers were used, namely, non-woven random mat,
unidirectional twisted yarn, and plain-woven kenaf with kenaf/glass weight
ratio of 30/70% and a volume fraction of 35%. Tensile, compression, flexural,
and fully reversed fatigue tests were conducted. Non-woven mat kenaf hybrid
composite showed the poorest properties for all tests, while woven and
unidirectional kenaf displayed much higher set of properties. Hybridization with
kenaf fibers improved the fatigue degradation coefficient of the final
composites to 6.6% and 6.8% for woven and unidirectional kenaf, respectively,
compared with 8.4% for non-woven. The third stage was continued with a
partial replacement of glass fiber by woven kenaf fabric reinforced unsaturated
polyester. The replacement was achieved in three weight ratios of 70/30 (H1),
55/45 (H2) and 30/70 (H3) to fabricate hybrid composites. In addition, pure
glass and kenaf composites were fabricated for comparison purposes. All
composites had an approximate fiber volume fraction of 35-40%. Tensile,



compression, and flexural tests were performed. Finally, the fourth stage,
based on the ultimate static strength determined, uniaxial cyclic fatigue tests
were conducted under three different stress ratios (R) of 0.1 (Tension-
Tension), -1 (Tension-Compression), and 2.5 (Compression-Compression).
Stress levels ranged from 30% to 70% of their ultimate static strength were
used with R = 0.1 and -1, and from 40% to 90% of ultimate static strength with
R = 2.5. Wohler S-N curves were generated for each stress ratio for all
composites, which were used to construct a constant life diagrams for each
composite. In conclusion, hybridization of glass fiber with kenaf fiber showed
unique and improved influence on monotonic as well as fatigue properties.
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Penglibatan komposit gentian semulajadi dalam bidang rekabentuk
kejuruteraan masih terhad disebabkan kurang kefahaman tentang sifat jangka
panjang bahan tersebut, khususnya dalam bebanan kitaran lesu. Tujuan
utama penyelidikan ini adalah untuk mengkaji sifat monotonik dan kelakuan
jangka hayat lesu komposit poliester tak tepu diperkuat anyaman kenaf, serta
kesan hibridasi fabrik E-kaca terhadap sifat-sifat tersebut melalui peringkat
hibridasi dan peringkat tegasan yang berbeza. Kajian ini dibahagikan kepada
lima peringkat untuk mencapai objektif yang ditetapkan. Peringkat pertama
adalah untuk mengkaji sifat mekanikal selapis anyaman komposit poliester tak
tapu diperkuat gentian kenaf yang direka menggunakan infusi vakum dan
teknik penekanan tanpa haba. Keputusan menunjukkan peningkatan secara
keseluruhan dalam kekuatan tegangan dan lenturan, serta modulus bagi
komposit yang dihasilkan secara tekanan tanpa haba. Oleh itu, kaedah
tekanan tanpa haba digunakan untuk menghasilkan komposit hibrid dalam
peringkat seterusnyai. Peringkat kedua memfokus kepada perbandingan
kesan penjajaran gentian kenaf terhadap sifat mekanik dan kelesuan komposit
hibrid kenaf/kaca berkonfigurasi selang seli bersimetri dengan petala kaca dan
teras kenaf. Tiga jenis gentian kenaf digunakan iaitu alas rawak tanpa
tenunan, benang pintal ekaarah dan kenaf tenunan biasa dengan nisbah berat
kenaf/lkaca sebanyak 30/70% serta pecahan isipadu pada 35%. Ujian
tegangan, mampatan, lenturan, dan kelesuan berbalik penuh turut dijalankan.
Alas tanpa tenunan hibrid kenaf diasingkan daripada perbandingan akibat
kelemahan sifat dalam semua jenis ujian. Penghibridan dengan gentian kenaf
berjaya meningkatkan pekali degradasi kelesuan bagi komposit terakhir,
masing-masing kepada 6.6% dan 6.8% bagi kenaf tenunan dan ekaarah,
dibandingkan dengan 8.4% bagi kenaf tanpa tenunan. Peringkat ketiga
diteruskan dengan penggantian separa gentian kaca dengan kain kenaf
tenunan diperkuat poliester tak tepu. Penggantian ini dicapai melalui tiga
nisbah berat iaitu 70/30 (H1), 55/45 (H2) dan 30/70 (H3) untuk menghasilkan
komposit hibrid. Selain itu, komposit kaca dan kenaf tulen turut dihasilkan
untuk tujuan perbandingan. Kesemua komposit mempunyai anggaran
pecahan isipadu gentian pada kadar 35-40%. Ujian tegangan, mampatan, dan



lenturan dijalankan sekali lagi. Pada peringkat keempat, berdasarkan
kekuatan statik muktamad yang diperoleh pada peringkat ketiga, ujian
kelesuan kitaran ekapaksi dijalankan berdasarkan tiga nisbah tegasan (R)
yang berbeza iaitu pada 0.1 (Tegangan-Tegangan), -1 (Tegangan-
Mampatan), dan 2.5 (Mampatan-Mampatan). Tahap tegasan di antara 30%
hingga 70% daripada kekuatan statik muktamad digunakan dengan R = 0.1
dan -1. Tahap tegasan di antara 40% hingga 90% daripada kekuatan statik
muktamad dengan R = 2.5 turut digunakan. Keluk Wohler S-N dijana bagi
setiap nisbah tegasan untuk semua komposit yang digunakan untuk membina
gambar rajah hayat tetap untuk setiap komposit. Kesimpulannya, proses
hibridasi gentian kaca dengan gentian kenaf telah menunjukkan keunikan dan
pengaruh penambahbaikan terhadap sifat monotonik dan kelesuan.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Polymer composites reinforcement fibers can commonly classify into two
types: synthetic fibers such as glass, carbon, etc., and natural fibers including
kenaf, flax, hemp, sisal, etc (Mohanty et al., 2000). Although the glass fiber
reinforced plastic composites meet structural and durability demands, they
have shortcomings such as in their relatively high fiber density, difficulty to the
machine, small recycling properties, and the potential health hazards posed
by glass fiber particulates (Holbery et al., 2006). Natural fibers are
environmentally friendly and sustainable materials, which can be used to
replace synthetic fibers in the composite industry (Faruk et al., 2014). Despite
this attractiveness of natural fiber reinforcement, several disadvantages were
noticed, such as poor wettability, inconsistence physical and mechanical
properties, and low moisture resistance makes it insufficient for advanced
applications (Abedin et al., 2006). Therefore, hybrid fibers composite is the
best solution to overcome these disadvantages and create a balance in the
advantages of individual ones (Faruk et al., 2014).

In the last decade natural/ synthetic hybrid fiber composites have an increased
interest due to the environmental awareness of consumers and as a realistic
alternatives to replace or reduce synthetic fibers usage (Swolfs et al., 2014).
This applied in many sectors for application consumer’s goods and low cost
housing (Ratna and Rao 2011), structural (Atigah et al., 2014), automotive
components (Davoodi et al., 2010), military and ballistic (Yahaya et al., 2014a,
2014c), and biomedical applications like orthopedic medicine and socket
prosthesis (Bagheri et al., 2013; Bharath et al.; Me et al., 2012; Ramakrishna
et al., 2001; Scholz et al., 2011). Figure 1.1 and Figure 1.2 show some of the
potential applications developed using natural/synthetic hybrid composites.
Recently, the use of hybrid composites have found increased applications in
bridges and building construction sectors (Faruk et al., 2014).



Figure 1.1: Medical applications fabricated from fiber composites
(Ramakrishna et al., 2001; Scholz et al., 2011).

Figure 1.2: Wind turbine blade materials specifications and prototypes
fabricated from natural fiber composites (Shah et al., 2013)

Hybrid composites offer three key benefits over single reinforcement
composites for many reasons. Firstly, they offer engineers with new choices
of tailoring composites to attain required properties (Swolfs et al., 2014).
Secondly, a more cost-effective use of highly cost and nonrenewable fibers as
glass could be achieved by changing them partially with cheaper and eco-
friendly fibers such as kenaf (Mansor et al., 2013). Finally, a balanced mixture
of properties for instant, strength, ductility, and stiffness can be achieved by
hybrid composites (Jawaid et al., 2011). The glass fiber is more prevalent, as
it offers greater improvements in most mechanical properties. Precisely, kenaf
bast fiber which has been proven using analytical hierarchy process to be the
best choice for hybridization with synthetic fibers for different structural
applications (Mansor et al., 2013; Yahaya et al., 2014).
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Fatigue has been recognized as a unique and independent failure process
(Swolfs et al., 2014). Widespread studies of fatigue failures have led to the
conclusion that fatigue causes as many as 90% (Abo-Elkhier et al., 2012) or
80% (Gassan et al., 2003) of all material failures. Although the usage of natural
fibers is on the rise, around 95% of plant fibers are used for non-structural
automotive components sectors (Shah et al., 2013; Swolfs et al., 2014). The
fatigue performance of natural fiber composites suggests that they are suitable
for use in dynamically loaded structures and may be utilized as a substitute for
glass fiber reinforced composites in fatigue (Jawaid et al., 2011; Shah et al.,
2013; Towo et al., 2008b).

However many authors assessed the fatigue life of natural fibers reinforced
composites in tension—tension mode (Abdullah et al., 2015; Belaadi et al.,
2013), used different fiber structure (Shah et al., 2013). A few studies were
reported on the uniaxial fatigue life of hybrid (Bagheri et al., 2014; Shahzad et
al., 2011; Thwe et al, 2003) which was limited to the tensile fatigue
performance or for fixed fiber ratio. There are many aspects not covered yet
and for an instance, the effects of the natural fiber structure of hybrid
composites, the gradual replacement of synthetic fiber with natural fiber, and
the fatigue stress ratio on the fatigue sensitivity and fatigue life of hybrid
composites.

1.2 Problem Statement

Fiber-reinforced composites are drawing more concern for these weight-
sensitive applications due to their superior strength and stiffness is linked with
low-density fibers (Swolfs et al., 2014). Extensive studies have reported
tensile, flexural, low, and high-velocity impact strength of hybrid composites
(Swolfs et al., 2014). The positive conclusion of these studies indicates natural
fibers are good candidates to replace glass fiber composites (Ochi, 2008).
However, the range of applications involving natural fiber composites in
engineering design is still limited due to a lack of understanding of the long-
term behavior of these materials, especially under cyclic fatigue loading. Like
all composites, this can be attributed to the complex nature of how these
materials fail (Fotouh et al., 2014). Also for natural fiber based composites,
there has been lots of work focused on determining monotonic properties, but
very limited studies related to fatigue life was observed (Fotouh et al., 2014;
Shah et al., 2013).

Fatigue resistance is an essential property for many composite applications
such as aircraft or wind turbine blades (Mohammed et al., 2015). The ductile
fibers as natural fibers can act as crack stoppers for the broken brittle fibers
as glass fiber in a hybrid composite (Swolfs et al., 2014; Hancox, 1981). Also,
it is proven that natural fiber composites possess lower fatigue sensitivity than
glass fiber reinforced composites (Shah et al., 2013). It could be expected to
extend the fatigue life of hybrid composites compared to that of single fiber
composites.



However, the usage of natural fiber is increased, many aspects of their
behavior are still ineffectively investigated (Fotouh et al., 2014). Lack of
researches regarding the fatigue behavior of kenaf or kenaf—synthetic hybrid
composite, the constant life diagram is not studied yet. Hybridization influence
under more complicated loading conditions such as fatigue test are not well
identified. Therefore, more research is required in this area to define the
essential mechanisms and to simplify the conclusions.

1.3  Research Objectives

The primary objective of this study to experimentally determine the monotonic
properties and fatigue life behavior of woven kenaf fabric reinforced
unsaturated polyester composites, also, the effects of hybridization of E-glass
fabric on these properties through three stages of hybridization and different
states of stress. The specific objectives of this work are:

1. To characterize the physical and the monotonic properties of woven
kenaf fiber using vacuum infusion and hand lay-up methods.

2. To determine the effect of kenaf fiber orientation on the monotonic
properties and fatigue life of kenaf/glass-reinforced hybrid
composites.

3. To investigate the effects of partial replacement of glass by woven

kenaf on monotonic and fatigue properties of kenaf/glass-reinforced
hybrid composites.

4. To determine the fatigue life of hybrid composites at different fatigue
stress ratios and predicting the fatigue life cycle by generating a full
constant life diagram.

1.4  Scope of Study

This study focuses on using woven textile kenaf fiber as a primary candidate,
which was utilized as received without any chemical treatment. The fabrication
method is an important and efficient parameter on the mechanical properties
of composites. Therefore, two fabrication methods were used to fabricate a
single kenaf layer reinforced unsaturated polyester fabricated using hand Lay-
Up (HLU) and vacuum infusion (VI). Woven kenaf fiber was selected to gain
the maximum performance of kenaf fiber and to replace glass fiber in hybrid
composites. Hybridization was achieved via two stages. First, by fixing
kenaf/glass fiber ratio and using different kenaf pattern, while the other one by
changing kenaf to glass fiber ratio within the hybrid composite. The resulted
hybrid composites were tested under different monotonic and fatigue loading
conditions to assess the trend of; static behavior, fatigue life performance,
fatigue sensitivity, failure mechanisms, and fatigue constant life diagram
through hybridization process.



1.5 Thesis Outline

This research consists of five chapters including:

Chapter 1: presents a brief background to the field of hybrid composite
materials with focusing on the noticeable lack of mechanical behavior and
highlight the research problems also, describing the objectives of research,
finally defines the boundaries of this work.

Chapter 2: contains reviews of the available literature on natural fibers
composites and factors influencing monotonic properties, cyclic fatigue
loading of natural/synthetic fiber reinforced hybrid composite will be discussed
in this chapter.

Chapter 3: in this chapter will show the materials specifications, mechanical
tests details, equipment, and standards followed. Finally, the adopted
methodology to attain the research objectives will be explained in details in
this chapter.

Chapter 4: discussion on the results and findings of the study will be presented
in this chapter.

Chapter 5: conclusions on the findings of the research will be drawn. Finally,
the recommendations for future research will be suggested in this chapter.



REFERENCES

Abdullah, A. H., Alias, S. K., Jenal, N., Abdan, K., & Ali, A. (2012). Fatigue
Behavior of Kenaf Fibre Reinforced Epoxy Composites. Engineering
Journal, 16(5), 105-114.

Abdullah, A. H., & Mat, M. F. (2015). Fatigue Life of Arenga Pinnata/Epoxy
Composites. In Advanced Materials Research (Vol. 1102, pp. 103-106).
Trans Tech Publications.

Abedin, M., Beg, M., Pickering, K., & Khan, M. A. (2006). Study on the
mechanical properties of jute/glass fiber-reinforced unsaturated
polyester hybrid composites: effect of surface modification by ultraviolet
radiation. Journal of Reinforced Plastics and Composites, 25(6), 575-
588.

Abo-Elkhier, M., Hamada, A. A., & El-Deen, A. B. (2014). Prediction of fatigue
life of glass fiber reinforced polyester composites using modal testing.
International Journal of Fatigue, 69, 28-35.

Adekunle, K., Cho, S.-W., Patzelt, C., Blomfeldt, T., & Skrifvars, M. (2011).
Impact and flexural properties of flax fabrics and Lyocell fiber-reinforced
bio-based thermoset. Journal of Reinforced Plastics and Composites,
0731684411405874.

Afdzaluddin, A., Maleque, M. A., & Igbal, M. (2012). Synergistic effect on
flexural properties of kenaf-glass hybrid composite. Paper presented at
the Advanced Materials Research.

Ahmed, K. S., & Vijayarangan, S. (2008). Tensile, flexural and interlaminar
shear properties of woven jute and jute-glass fabric reinforced polyester
composites. Journal of materials processing technology, 207(1), 330-
335.

Aji, I., Zainudin, E., Khalina, A., Sapuan, S., & Khairul, M. (2011). Studying the
effect of fiber size and fiber loading on the mechanical properties of
hybridized kenaf/PALF-reinforced HDPE composite. Journal of
Reinforced Plastics and Composites, 30(6), 546-553.

Akil, HMI, Omar, M., Mazuki, A., Safiee, S., Ishak, Z., & Abu Bakar, A. (2011).
Kenaf fiber reinforced composites: A review. Materials & Design, 32(8),
4107-4121.

Akil, H. M., De Rosa, I. M., Santulli, C., & Sarasini, F. (2010). Flexural
behaviour of pultruded jute/glass and kenaf/glass hybrid composites
monitored using acoustic emission. Materials Science and Engineering:
A, 527(12), 2942-2950.

Al-Oqgla, F. M., & Sapuan, S. (2014). Natural fiber reinforced polymer
composites in industrial applications: feasibility of date palm fibers for
sustainable automotive industry. Journal of cleaner production, 66, 347-
354.

100



Alkbir, M., Sapuan, S., Nuraini, A., & Ishak, M. (2014). Effect of geometry on
crashworthiness parameters of natural kenaf fibre reinforced composite
hexagonal tubes. Materials & Design, 60, 85-93.

Amico, S., Angrizani, C., & Drummond, M. (2008). Influence of the stacking
sequence on the mechanical properties of glass/sisal hybrid
composites. Journal of Reinforced Plastics and Composites.

Anandjiwala, R. D., & Blouw, S. (2007). Composites from bast fibres-
Prospects and potential in the changing market environment. Journal
of Natural Fibers, 4(2), 91-109.

Anuar, H., Ahmad, S., Rasid, R., Ahmad, A., & Busu, W. (2008). Mechanical
properties and dynamic mechanical analysis of thermoplastic-natural-
rubber-reinforced short carbon fiber and kenaf fiber hybrid composites.
Journal of applied polymer science, 107(6), 4043-4052.

Anuar, H., Ahmad, S., Rasid, R., & Daud, N. N. (2006). Tensile and impact
properties of thermoplastic natural rubber reinforced short glass fiber
and empty fruit bunch hybrid composites. Polymer-Plastics Technology
and Engineering, 45(9), 1059-1063.

Arbelaiz, A., Fernandez, B., Cantero, G., Llano-Ponte, R., Valea, A., &
Mondragon, I. (2005). Mechanical properties of flax fibre/polypropylene
composites. Influence of fibre/matrix modification and glass fibre
hybridization. Composites Part A: applied science and manufacturing,
36(12), 1637-1644.

Arthanarieswaran, V., Kumaravel, A., & Kathirselvam, M. (2014). Evaluation
of mechanical properties of banana and sisal fiber reinforced epoxy
composites: Influence of glass fiber hybridization. Materials & Design,
64, 194-202.

ASTM. (1991). Standard Test Methods for Density and Specific Gravity
(Relative Density) of Plastics by Displacement.

ASTM. (1995a). D3410-03: Standard test method for compressive properties
of polymer matrix composite materials with unsupported gage section
by shear loading. ASTM International.

ASTM. (1995b). Standard test method for tensile properties of polymer matrix
composite materials. ASTM D3039/D 3039M.

ASTM. (1997). Standard test Methods for Flexural Properties of Unreinforced
and Reinforced Plastics and Electrical Insulating Materials.

ASTM. (2010). D 1895-96,“. Standard Test Methods for Apparent Density,
Bulk Factor, and Pourability of Plastic Materials, 1-5.

ASTM. (2012). D5229/D5229M-12" Standard Test Method for Moisture
Absorption Properties and Equilibrium Conditioning of Polymer Matrix
Composite Materials." ASTM International, West Conshohocken, PA,
2012.

Atigah, A., Maleque, M., Jawaid, M., & Igbal, M. (2014). Development of kenaf-
glass reinforced unsaturated polyester hybrid composite for structural
applications. Composites Part B: Engineering, 56, 68-73.

101



Bagheri, Z. S., El Sawi, |., Bougherara, H., & Zdero, R. (2014). Biomechanical
fatigue analysis of an advanced new carbon fiber/flax/epoxy plate for
bone fracture repair using conventional fatigue tests and thermography.
Journal of the mechanical behavior of biomedical materials, 35, 27-38.

Bagheri, Z. S., El Sawi, |., Schemitsch, E. H., Zdero, R., & Bougherara, H.
(2013). Biomechanical properties of an advanced new
carbon/flax/epoxy composite material for bone plate applications.
Journal of the mechanical behavior of biomedical materials, 20, 398-
406.

Bakar, Haznida, N., Hyie, K. M., Aidah, J., Kalam, A., & Salleh, Z. (2015).
Effect of Alkaline Treatment on Tensile and Impact Strength of
Kenaf/Kevilar Hybrid Composites. Paper presented at the Applied
Mechanics and Materials.

Bakar, M. A. A., Ahmad, S., Kuntjoro, W., & Kasolang, S. (2013). Effect of
carbon fibre ratio to the impact properties of hybrid kenaf/carbon fibre
reinforced epoxy composites. Paper presented at the Applied
Mechanics and Materials.

Bakar, N. H., Hyie, K. M., Ramlan, A. S., Hassan, M. K., & Jumahat, A. (2014).
Mechanical properties of kevlar reinforcement in kenaf composites.
Paper presented at the Applied Mechanics and Materials.

Baker, A., & Hutchison, M. (1976). Fibre composite reinforcement of cracked
aircraft structures. Aircraft Structural Fatigue, 19, 419.

Basquin, O. (1910). The exponential law of endurance tests. Paper presented
at the Proc. Astm.

Bavan, S., & Kumar, G. M. (2010). Potential use of natural fiber composite
materials in India. Journal of Reinforced Plastics and Composites,
29(24), 3600-3613.

Belaadi, A., Bezazi, A., Bourchak, M., & Scarpa, F. (2013). Tensile static and
fatigue behaviour of sisal fibres. Materials & Design, 46, 76-83.

Belingardi, G., Cavatorta, M. P., & Frasca, C. (2006). Bending fatigue behavior
of glass—carbon/epoxy hybrid composites. Composites Science and
Technology, 66(2), 222-232.

Bernstein, P. A., & Goodman, N. (1899, December). Approaches to
concurrency control in distributed data base systems. In afips (p. 813).
IEEE.

Bharath, K. N., & Basavarajappa, S. (2016). Applications of biocomposite
materials based on natural fibers from renewable resources: a review.
Science and Engineering of Composite Materials, 23(2), 123-133.

Bismarck, A., Mishra, S., & Lampke, T. (2005). Plant fibers as reinforcement
for green composites. Natural fibers, biopolymers and biocomposites,
37-108.

Boller, K. H. (1970). Some Fatigue Characteristics of Glass-reinforced
Composite Laminates. Paper presented at the Designe News.

102



Boopalan, M., Niranjanaa, M., & Umapathy, M. (2013). Study on the
mechanical properties and thermal properties of jute and banana fiber

reinforced epoxy hybrid composites. Composites Part B: Engineering,
51, 54-57.

Brgndsted, P., Lilholt, H., & Lystrup, A. (2005). Composite materials for wind
power turbine blades. Annu. Rev. Mater. Res., 35, 505-538.

Bureau, M., & Denault, J. (2000). Fatigue behavior of continuous glass fiber
composites: effect of the matrix nature. Polymer composites, 21(4),
636-644.

Carvelli, V., & Lomov, S. V. (2015). Fatigue of Textile Composites: Elsevier.

Chang, P., Mouritz, A., & Cox, B. (2006a). Properties and failure mechanisms
of pinned composite lap joints in monotonic and cyclic tension.
Composites Science and Technology, 66(13), 2163-2176.

Chang, P., Mouritz, A., & Cox, B. (2006b). Properties and failure mechanisms
of z-pinned laminates in monotonic and cyclic tension. Composites Part
A: applied science and manufacturing, 37(10), 1501-1513.

Chen, H., Miao, M., & Ding, X. (2009). Influence of moisture absorption on the
interfacial strength of bamboo/vinyl ester composites. Composites Part
A: applied science and manufacturing, 40(12), 2013-2019.

Chow, P., Lambert, R. J., Bowers, C., & McKenzie, N. (2000). Physical and
mechanical properties of composite panels made from kenaf plant
fibers and plastics. Paper presented at the Proceedings of the 2000
International Kenaf Symposium, Yasuura, Hiroshima, Japan.

Cicala, G., Cristaldi, G., Recca, G., Ziegmann, G., El-Sabbagh, A., & Dickert,
M. (2009). Properties and performances of various hybrid glass/natural
fibre composites for curved pipes. Materials & Design, 30(7), 2538-
2542.

Coats, T. W., & Harris, C. E. (1999). A progressive damage methodology for
residual strength predictions of notched composite panels. Journal of
composite materials, 33(23), 2193-2224.

Curtis, P. (1989). The fatigue behaviour of fibrous composite materials. The
Journal of Strain Analysis for Engineering Design, 24(4), 235-244.

Dan-Mallam, Y., Abdullah, M. Z., & Yusoff, P. S. M. M. (2014). The effect of
hybridization on mechanical properties of woven kenaf fiber reinforced
polyoxymethylene composite. Polymer composites, 35(10), 1900-1910.

Davoodi, M., Sapuan, S., Ahmad, D., Aidy, A., Khalina, A., & Jonoobi, M.
(2012). Effect of polybutylene terephthalate (PBT) on impact property

improvement of hybrid kenaf/glass epoxy composite. Materials Letters,
67(1), 5-7.

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

103



De Albuquerque, A., Joseph, K., Hecker de Carvalho, L., & d'Almeida, J. R.
M. (2000). Effect of wettability and ageing conditions on the physical
and mechanical properties of uniaxially oriented jute-roving-reinforced
polyester composites. Composites Science and Technology, 60(6),
833-844.

De Andrade Silva, F., & Mobasher, B. (2010). Fatigue behavior of sisal fiber
reinforced cement composites. Materials Science and Engineering: A,
527(21), 5507-5513.

De Vasconcellos, D. S., Touchard, F., & Chocinski-Arnault, L. (2014).
Tension—tension fatigue behaviour of woven hemp fibre reinforced
epoxy composite: A multi-instrumented damage analysis. International
Journal of Fatigue, 59, 159-169.

Demircan, O., Yilmaz, C., Kocaman, E., Tang, S., Hamada, H., & Yildiz, M.
(2015). Effect of fiber densities on impact properties of biaxial warp-
knitted textile composites. Journal of Reinforced Plastics and
Composites, 0731684415577985.

Devi, L. U., Bhagawan, S., & Thomas, S. (2010). Dynamic mechanical analysis
of pineapple leaf/glass hybrid fiber reinforced polyester composites.
Polymer composites, 31(6), 956-965.

Dhakal, H., Zhang, Z., & Richardson, M. (2007). Effect of water absorption on
the mechanical properties of hemp fibre reinforced unsaturated
polyester composites. Composites Science and Technology, 67(7),
1674-1683.

Dickson, R., Fernando, G., Adam, T., Reiter, H., & Harris, B. (1989). Fatigue
behaviour of hybrid composites. Journal of Materials Science, 24(1),
227-233.

Dieu, T. V., Liem, N. T., Mai, T. T., & Tung, N. H. (2004). Study on Fabrication
of BMC Laminates Based on Unsaturated Polyester Resin Reinforced
by Hybrid Bamboo/Glass Fibers (< Special Issue> Green Composites).
JSME international journal. Series A, Solid mechanics and material
engineering, 47(4), 570-573.

Eesaee, M., & Shojaei, A. (2014). Effect of nanoclays on the mechanical
properties and durability of novolac phenolic resin/woven glass fiber
composite at various chemical environments. Composites Part A:
applied science and manufacturing, 63, 149-158.

Emery, T. R. (2007). Identification of damage in composite materials using
thermoelastic stress analysis. University of Southampton.

Esfandiari, A. (2007). Mechanical properties of PP/Jute and glass fibers
composites: The statistical investigation. Journal of Applied Sciences,
7(24), 3943-3950.

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.

104



Faruk, O., Bledzki, A. K., Fink, H. P., & Sain, M. (2014). Progress report on
natural fiber reinforced composites. Macromolecular Materials and
Engineering, 299(1), 9-26.

Fernando, G. F. (1989). The fatigue behaviour of unidirectional mono-fibre and
hybrid kevlar/xas/914 composites Thesis (Ph.D.) University of Bath
(United Kingdom).

Fiore, V., Di Bella, G., & Valenza, A. (2011). Glass—basalt/epoxy hybrid
composites for marine applications. Materials & Design, 32(4), 2091-
2099.

Fiore, V., Di Bella, G., & Valenza, A. (2015). The effect of alkaline treatment
on mechanical properties of kenaf fibers and their epoxy composites.
Composites Part B: Engineering, 68, 14-21.

Fotouh, A., Wolodko, J. D., & Lipsett, M. G. (2014). Fatigue of natural fiber
thermoplastic composites. Composites Part B: Engineering, 62, 175-
182.

Fu, S.Y., Xu, G., & Mai, Y.-W. (2002). On the elastic modulus of hybrid
particle/short-fiber/polymer  composites. Composites Part B:
Engineering, 33(4), 291-299.

Fulton, I. T. (2011). The effect of layup and pressure on mechanical properties
of fiberglass and kenaf fiber composites: Mississippi State University.

Gagel, A., Lange, D., & Schulte, K. (2006). On the relation between crack
densities, stiffness degradation, and surface temperature distribution of
tensile fatigue loaded glass-fibre non-crimp-fabric reinforced epoxy.
Composites Part A: applied science and manufacturing, 37(2), 222-
228.

Gassan, & Dietz, T. (2003). Load-increasing fatigue test to characterize the
interface of composites under fatigue loadings. Journal of Materials
Science, 38(12), 2755-2760.

Gassan, J., & Bledzki, A. K. (1999). Possibilities for improving the mechanical
properties of jute/epoxy composites by alkali treatment of fibres.
Composites Science and Technology, 59(9), 1303-13009.

Guideline, G. W. (2010). Guideline for the certification of Wind Turbines.
Hamburg: Germanischer Lloyd Wind Energie Gmb H.

Ghani, M., Salleh, Z., Hyie, K. M., Berhan, M., Taib, Y., & Bakri, M. (2012).
Mechanical properties of kenaf/fiberglass polyester hybrid composite.
Procedia Engineering, 41, 1654-1659.

Gheorghiu, C., Labossiére, P., & Proulx, J. (2006). Fatigue and monotonic
strength of RC beams strengthened with CFRPs. Composites Part A:
applied science and manufacturing, 37(8), 1111-1118.

Goodman, J. (1899). Mechanics applied to engineering. Longmans, Green,
Chicago.

105



Guijjala, R., Ojha, S., Acharya, S., & Pal, S. (2014). Mechanical properties of
woven jute—glass hybrid-reinforced epoxy composite. Journal of
composite materials, 48(28), 3445-3455.

Hancox, N. (1981). Fibre composite hybrid materials: Applied Science London.

Haneefa, A., Bindu, P., Aravind, I., & Thomas, S. (2008). Studies on tensile
and flexural properties of short banana/glass hybrid fiber reinforced
polystyrene composites. Journal of composite materials, 42(15), 1471-
1489.

Hansen, U. (1999). Damage development in woven fabric composites during
tension-tension fatigue. Journal of composite materials, 33(7), 614-639.

Hariharan, A. B. A., & Khalil, H. A. (2005). Lignocellulose-based hybrid bilayer
laminate composite: part i-studies on tensile and impact behavior of oil
palm fiber-glass fiber-reinforced epoxy resin. Journal of composite
materials, 39(8), 663-684.

Harris, B. (2003). Fatigue in composites. Science and technology of the fatigue
response of fibrereinforced plastics. Cambridge: Woodhead Publishing
Ltd.

Ho, M.-p., Wang, H., Lee, J.-H., Ho, C.-k., Lau, K.-t., Leng, J., & Hui, D. (2012).
Critical factors on manufacturing processes of natural fibre composites.
Composites Part B: Engineering, 43(8), 3549-3562.

Hojo, Masaki, Matsuda, S., Tanaka, M., Ochiai, S., & Murakami, A. (2006).
Mode | delamination fatigue properties of interlayer-toughened
CF/epoxy laminates. Composites Science and Technology, 66(5), 665-
675.

Hojo, Toshihiko, Xu, Z., Yang, Y., & Hamada, H. (2014). Tensile Properties of
Bamboo, Jute and Kenaf Mat-reinforced Composite. Energy Procedia,
56, 72-79.

Holbery, J., & Houston, D. (2006). Natural-fiber-reinforced polymer
composites in automotive applications. Jom, 58(11), 80-86.

Ibrahim, T., & Hafeez, T. M. (2014). A study of crashworthiness characteristic
of woven kenaf fabric reinforced composites tube. Universiti Tun
Hussein Onn Malaysia.

Ishak, M., Sapuan, S., Leman, Z., Rahman, M., & Anwar, U. (2012).
Characterization of sugar palm (Arenga pinnata) fibres. Journal of
thermal analysis and calorimetry, 109(2), 981-989.

Ismail, A. E., & Aziz, M. C. A. (2015). Fatigue strength of woven kenaf fiber
reinforced composites. Paper presented at the IOP Conference Series:
Materials Science and Engineering.

ISO, B. (2003). 13003. Fibre-reinforced plastics—determination of fatigue
properties under cyclic loading conditions. British Standards
International.

Jawaid, & Abdul Khalil, H. (2011). Cellulosic/synthetic fibre reinforced polymer
hybrid composites: A review. Carbohydrate polymers, 86(1), 1-18.

106



Jawaid, M., Khalil, H. A., & Bakar, A. A. (2011). Woven hybrid composites:
tensile and flexural properties of oil palm-woven jute fibres based epoxy
composites. Materials Science and Engineering: A, 528(15), 5190-
5195.

Jayabal, S., Natarajan, U., & Sathiyamurthy, S. (2011). Effect of glass
hybridization and staking sequence on mechanical behaviour of interply
coir—glass hybrid laminate. Bulletin of Materials Science, 34(2), 293-
298.

John, Jacob, M., & Thomas, S. (2008). Biofibres and biocomposites.
Carbohydrate polymers, 71(3), 343-364.

John, K, & Naidu, S. V. (2004a). Effect of fiber content and fiber treatment on
flexural properties of sisal fiber/glass fiber hybrid composites. Journal
of Reinforced Plastics and Composites, 23(15), 1601-1605.

John, K, & Naidu, S. V. (2004b). Sisal fiber/glass fiber hybrid composites: the
impact and compressive properties. Journal of Reinforced Plastics and
Composites, 23(12), 1253-1258.

John, K, & Naidu, S. V. (2004c). Tensile properties of unsaturated polyester-
based sisal fiber—glass fiber hybrid composites. Journal of Reinforced
Plastics and Composites, 23(17), 1815-1819.

Joseph, S., Sreekala, M., Koshy, P., & Thomas, S. (2008). Mechanical
properties and water sorption behavior of phenol-formaldehyde hybrid
composites reinforced with banana fiber and glass fiber. Journal of
applied polymer science, 109(3), 1439-1446.

Joshi, S. V., Drzal, L., Mohanty, A., & Arora, S. (2004). Are natural fiber
composites environmentally superior to glass fiber reinforced
composites? Composites Part A: applied science and manufacturing,
35(3), 371-376.

Junior, J. H. S. A., Junior, H. L. O., Amico, S. C., & Amado, F. D. R. (2012).
Study of hybrid intralaminate curaua/glass composites. Materials &
Design, 42, 111-117.

Kabir, M., Wang, H., Lau, K., & Cardona, F. (2012). Chemical treatments on
plant-based natural fibre reinforced polymer composites: An overview.
Composites Part B: Engineering, 43(7), 2883-2892.

Kalam, A., Sahari, B., Khalid, Y., & Wong, S. (2005). Fatigue behaviour of oil
palm fruit bunch fibre/epoxy and carbon fibre/epoxy composites.
Composite structures, 71(1), 34-44.

Kar, N., Hu, Y., Barjasteh, E., & Nutt, S. (2012). Tension—tension fatigue of
hybrid composite rods. Composites Part B: Engineering, 43(5), 2115-
2124.

Katogi, H., Shimamura, Y., Tohgo, K., & Fujii, T. (2012). Fatigue behavior of
unidirectional jute spun yarn reinforced PLA. Advanced Composite
Materials, 21(1), 1-10.

Khalil, H. A., Hanida, S., Kang, C., & Fuaad, N. N. (2007). Agro-hybrid
composite: The effects on mechanical and physical properties of oil

107



palm fiber (EFB)/glass hybrid reinforced polyester composites. Journal
of Reinforced Plastics and Composites, 26(2), 203-218.

Khalil, H. A., Kang, C., & Adawi, T. (2008). The effect of different laminations
on mechanical and physical properties of hybrid composites. Journal of
Reinforced Plastics and Composites.

Khan, G. A, Terano, M., Gafur, M., & Alam, M. S. (2013). Studies on the
mechanical properties of woven jute fabric reinforced poly (I-lactic acid)
composites. Journal of King Saud University-Engineering Sciences.

Khanam, N., Reddy, G. R., Raghu, K., & Naidu, S. V. (2009). Tensile, Flexural
and Compressive Properties of Coir/Silk Fiber Reinfroced Hybrid
Composites. Journal of Reinforced Plastics and Composites.

Kistaiah, N., Kiran, C. U., Reddy, G. R., & Rao, M. S. (2014). Mechanical
characterization of hybrid composites: A review. Journal of Reinforced
Plastics and Composites, 33(14), 1364-1372.

Kobayashi, S., Takada, K., & Nakamura, R. (2014). Processing and
characterization of hemp fiber textile composites with micro-braiding
technique. Composites Part A: applied science and manufacturing, 59,
1-8.

Kocsis, J, & Fejes-Kozma, Z. (1994). Failure mode and damage zone
development in a GMT-PP by acoustic emission and thermography.
Journal of Reinforced Plastics and Composites, 13(9), 768-792.

Kocsis, J. (2000). Reinforced polymer blends. Polymer blends, 2, 395.

Ku, H., Wang, H., Pattarachaiyakoop, N., & Trada, M. (2011). A review on the
tensile properties of natural fiber reinforced polymer composites.
Composites Part B: Engineering, 42(4), 856-873.

Kumar, M. A., Reddy, G. R., Bharathi, Y. S., Naidu, S. V., & Naidu, V. N. P.
(2010). Frictional coefficient, hardness, impact strength, and chemical
resistance of reinforced sisal-glass fiber epoxy hybrid composites.
Journal of composite materials.

Large-Toumi, B., Salvia, M., & Vincent, L. (1996). Fiber/matrix interface effect
on monotonic and fatigue behavior of unidirectional carbon/epoxy
composites Fiber, Matrix, and Interface Properties: ASTM International.

Liang, S, Gning, P. B., & Guillaumat, L. (2012). A comparative study of fatigue
behaviour of flax/epoxy and glass/epoxy composites. Composites
Science and Technology, 72(5), 535-543.

Liang, S., Gning, P.-B., & Guillaumat, L. (2014). Properties evolution of
flax/epoxy composites under fatigue loading. International Journal of
Fatigue, 63, 36-45.

Maldague, X. (2001). Theory and practice of infrared technology for
nondestructive testing.

Maleque, M. A., Afdzaluddin, A., & Igbal, M. (2012). Flexural and impact
properties of kenaf-glass hybrid composite. Paper presented at the
Advanced Materials Research.

108



Mallick, P. K. (2007). Fiber-reinforced composites: materials, manufacturing,
and design: CRC press.

Mandell, F, J., Ashwill, T. D., Wilson, T. J., Sears, A. T., Agastra, P., . . .
Samborsky, D. D. (2010). Analysis of SNL/MSU/DOE fatigue database
trends for wind turbine blade materials. Retrieved from

Mandell, F, J., Reed, R. M., Samborsky, D. D., & Pan, Q. (1993). Fatigue
performance of wind turbine blade composite materials. Wind Energy,
14, 191-198.

Mandell, & Forbes, J. (1981). Fatigue behavior of fiber-resin composites.

Mandell, J. (1990). Fatigue behavior of short fiber composite materials.
Fatigue of composite materials, 4, 231-237.

Mansor, M. R., Sapuan, S., Zainudin, E. S., Nuraini, A., & Hambali, A. (2013).
Hybrid natural and glass fibers reinforced polymer composites material
selection using Analytical Hierarchy Process for automotive brake lever
design. Materials & Design, 51, 484-492.

Matthewson, M., & Kurkjian, C. R. (1988). Environmental effects on the static
fatigue of silica optical fiber. Journal of the American Ceramic Society,
71(3), 177-183.

Masoud, S., Soudki, K., & Topper, T. (2001). CFRP-strengthened and
corroded RC beams under monotonic and fatigue loads. Journal of
composites for construction, 5(4), 228-236.

Me, R. C., Ibrahim, R., & Tahir, P. M. (2012). Natural Based Biocomposite
Material for Prosthetic Socket Fabrication. Alam Cipta, International
Journal of Sustainable Tropical Design Research and Practice, 5(1).

Miller, A., & Wingert, A. (1979). Fracture surface characterization of
commercial graphite/epoxy systems Nondestructive Evaluation and
Flaw Ceriticality for Composite Materials: ASTM International.

Mishra, S., Mohanty, A., Drzal, L., Misra, M., Parija, S., Nayak, S., & Tripathy,
S. (2003). Studies on mechanical performance of biofibre/glass
reinforced polyester hybrid composites. Composites Science and
Technology, 63(10), 1377-1385.

Mohammed, L., Ansari, M. N., Pua, G., Jawaid, M., & Islam, M. S. (2015). A
review on natural fiber reinforced polymer composite and its
applications. International Journal of Polymer Science, 2015.

Mohanty, A., Misra, M., & Hinrichsen, G. (2000). Biofibres, biodegradable
polymers and biocomposites: an overview. Macromolecular Materials
and Engineering, 276(1), 1-24.

Montesano, J. (2012). Fatigue damage characterization of braided and woven
fiber reinforced polymer matrix composites at room and elevated
temperatures. Ryerson University.

Monti, A., & Alexopoulou, E. (2013). Kenaf: A Multi-Purpose Crop for Several
Industrial Applications: Springer.

109



Mu, Q., Wei, C., & Feng, S. (2009). Studies on mechanical properties of sisal
fiber/phenol formaldehyde resin in-situ composites. Polymer
composites, 30(2), 131-137.

Murali Mohan Rao, K., Mohana Rao, K., & Ratna Prasad, A. (2010).
Fabrication and testing of natural fibre composites: Vakka, sisal,
bamboo and banana. Materials & Design, 31(1), 508-513.

Naidu, V. N. P., Kumar, M. A., Reddy, G. R., Khanm, P. N., Reddy, M. M., &
Chakradhar, K. (2011). Tensile & flexural properties of sisal/glass fibre
reinforced hybrid composites. International Journal of Macromolecular
Science, 1(1), 19-22.

Naidu, V. N. P., Reddy, G. R., & Kumar, M. A. (2011). Thermal conductivity of
Sisal/Glass fibre reinforced hybrid composites. International Journal of
Fiber and Textile Research, 1(1), 28-30.

Naik, N., & Ganesh, V. (1996). Failure behavior of plain weave fabric laminates
under on-axis uniaxial tensile loading: [—analytical predictions. Journal
of composite materials, 30(16), 1779-1822.

Nayak, S. K., Mohanty, S., & Samal, S. K. (2010a). Hybridization effect of glass
fibore on mechanical, morphological and thermal properties of
polypropylene-bamboo/glass fibre hybrid composites. Polymers &
polymer composites, 18(4), 205-218.

Nayak, S. K., Mohanty, S., & Samal, S. K. (2010b). Influence of interfacial
adhesion on the structural and mechanical behavior of PP-
banana/glass hybrid composites. Polymer composites, 31(7), 1247-
1257.

Nijssen, R. (2006). OptiDAT-fatigue of wind turbine materials database.
regularly updates via www. wmc. nl.

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

Ochi, S. (2008). Mechanical properties of kenaf fibers and kenaf/PLA
composites. Mechanics of materials, 40(4), 446-452.

Ornaghi, H. L., Bolner, A. S., Fiorio, R., Zattera, A. J., & Amico, S. C. (2010).
Mechanical and dynamic mechanical analysis of hybrid composites
molded by resin transfer molding. Journal of applied polymer science,
118(2), 887-896.

Owen, M., & Howe, R. (1972). The accumulation of damage in a glass-
reinforced plastic under tensile and fatigue loading. Journal of Physics
D: Applied Physics, 5(9), 1637.

Panthapulakkal, S., & Sain, M. (2007). Studies on the water absorption
properties of short hemp—qglass fiber hybrid polypropylene composites.
Journal of composite materials, 41(15), 1871-1883.

Park, R., & Jang, J. (2000). Effect of stacking sequence on the compressive
performance of impacted aramid fiber/glass fiber hybrid composite.
Polymer composites, 21(2), 231-237.

110



Petrucci, R., Santulli, C., Puglia, D., Sarasini, F., Torre, L., & Kenny, J. (2013).
Mechanical characterisation of hybrid composite laminates based on
basalt fibres in combination with flax, hemp and glass fibres
manufactured by vacuum infusion. Materials & Design, 49, 728-735.

Piggott, M., & Harris, B. (1981). Compression strength of hybrid fibre-
reinforced plastics. Journal of Materials Science, 16(3), 687-693.

Pinter, G., Ladstatter, E., Billinger, W., & Lang, R. (2006). Characterisation of
the tensile fatigue behaviour of RTM-laminates by isocyclic stress—
strain-diagrams. International Journal of Fatigue, 28(10), 1277-1283.

Pothan, LA, Cherian, B., Anandakutty, B., & Thomas, S. (2007). Effect of
layering pattern on the water absorption behavior of banana glass
hybrid composites. Journal of applied polymer science, 105(5), 2540-
2548.

Pothan, L. A., George, C. N., John, M. J., & Thomas, S. (2010). Dynamic
mechanical and dielectric behavior of banana-glass hybrid fiber
reinforced polyester composites. Journal of Reinforced Plastics and
Composites, 29(8), 1131-1145.

Prasad, B. M., & Sain, M. M. (2003). Mechanical properties of thermally treated
hemp fibers in inert atmosphere for potential composite reinforcement.
Materials Research Innovations, 7(4), 231-238.

Qiao, P., Yang, H.-S., & Wolcott, M. P. (2009). Flexural fatigue and reliability
analysis of wood flour/high-density polyethylene composites. Journal of
Reinforced Plastics and Composites.

Quaresimin, M, Carraro, P., Mikkelsen, L. P., Lucato, N., Vivian, L., . .. Talreja,
R. (2014). Damage evolution under cyclic multiaxial stress state: A
comparative analysis between glass/epoxy laminates and tubes.
Composites Part B: Engineering, 61, 282-290.

Quaresimin, Marino, Susmel, L., & Talreja, R. (2010). Fatigue behaviour and
life assessment of composite laminates under multiaxial loadings.
International Journal of Fatigue, 32(1), 2-16.

Quaresimin, M. (2002). Fatigue of woven composite laminates under tensile
and compressive loading. Paper presented at the Tenth European
Conference on Composite Materials (ECCM 10).

Rajulu, A. V., & Devi, R. R. (2007). Compressive properties of ridge
gourd/phenolic composites and ridge gourd/phenolic/glass hybrid
composites. Journal of Reinforced Plastics and Composites, 26(16),
1657-1664.

Ramakrishna, S., Mayer, J., Wintermantel, E., & Leong, K. W. (2001).
Biomedical applications of polymer-composite materials: a review.
Composites Science and Technology, 61(9), 1189-1224.

Ramaswamy, G. N., Sellers, T., & Tao, W. (2003). Kenaf nonwovens as
substrates for laminations. Industrial Crops and Products, 17(1), 1-8.

111



Ramesh, M., Palanikumar, K., & Reddy, K. H. (2013). Mechanical property
evaluation of sisal-jute—glass fiber reinforced polyester composites.
Composites Part B: Engineering, 48, 1-9.

Ramnath, B. V., Kokan, S. J., Raja, R. N., Sathyanarayanan, R.,
Elanchezhian, C., Prasad, A. R., & Manickavasagam, V. (2013).
Evaluation of mechanical properties of abaca—jute—glass fibre
reinforced epoxy composite. Materials & Design, 51, 357-366.

Rao, K, & Rao, K. M. (2007). Extraction and tensile properties of natural fibers:
Vakka, date and bamboo. Composite structures, 77(3), 288-295.

Rao, H. R., Rajulu, A. V., Reddy, G. R., & Reddy, K. H. (2009). Flexural and
Compressive Properties of Bamboo and Glass Fiber Reinforced Epoxy
Hybrid Composites. Journal of Reinforced Plastics and Composites.

Rashid, A., & Hani, A. (2013). Analysis of woven natural fiber fabrics prepared
using self-designed handloom.

Rassmann, S., Paskaramoorthy, R., & Reid, R. (2011). Effect of resin system
on the mechanical properties and water absorption of kenaf fibre
reinforced laminates. Materials & Design, 32(3), 1399-1406.

Ratim, S., Bonnia, N., & Surip, N. (2012). The effect of woven and non-woven
fiber structure on mechanical properties polyester composite reinforced
kenaf.

Ratna Prasad, A., & Mohana Rao, K. (2011). Mechanical properties of natural
fibre reinforced polyester composites: Jowar, sisal and bamboo.
Materials & Design, 32(8), 4658-4663.

Reddy, E. V. S, Rajulu, A. V., Reddy, K. H., & Reddy, G. R. (2010). Chemical
resistance and tensile properties of glass and bamboo fibers reinforced
polyester hybrid composites. Journal of Reinforced Plastics and
Composites.

Reddy, G. V., Naidu, S. V., & Rani, T. S. (2008). Kapok/glass polyester hybrid
composites: Tensile and hardness properties. Journal of Reinforced
Plastics and Composites.

Reddy, G. V., Rani, T. S., Rao, K. C., & Naidu, S. V. (2008). Flexural,
compressive, and interlaminar shear strength properties of kapok/glass
composites. Journal of Reinforced Plastics and Composites.

Report, M. M. (2014). Natural Fiber Composites Market by Applications by
Manufacturing Processes and by Region - Global Trends & Forecasts
to 2019 (3064190). Retrieved from www.researchandmarkets.com:

Rowell, R. M., Han, J. S., & Rowell, J. S. (2000). Characterization and factors
effecting fiber properties. Natural Polymers and Agrofibers Bases
Composites. Embrapa Instrumentacao Agropecuaria, P. O. Box 741,
Sao Carlos, 13560-970 SP, Brazil, 2000., 115-134.

Rowell, R. M., Sanadi, A., Jacobson, R., & Caulfield, D. (1999). Properties of
kenaf/polypropylene composites. Kenaf properties, processing and
products, 381.

112



Rozman, H., Tay, G., Kumar, R., Abusamah, A., Ismail, H., & Mohd Ishak, Z.
(2001). Polypropylene—oil palm empty fruit bunch—glass fibre hybrid
composites: a preliminary study on the flexural and tensile properties.
European Polymer Journal, 37(6), 1283-1291.

Salit, M. S., Jawaid, M., Yusoff, N. B., & Hoque, M. E. (2015). Manufacturing
of Natural Fibre Reinforced Polymer Composites: Springer, Cham.

Salleh, Md, F., Hassan, A., Yahya, R., & Azzahari, A. D. (2014). Effects of
extrusion temperature on the rheological, dynamic mechanical and
tensile properties of kenaf fiber/HDPE composites. Composites Part B:
Engineering, 58, 259-266.

Salleh, Z., Berhan, M., Hyie, K. M., & Isaac, D. (2012). Cold-pressed kenaf
and fibreglass hybrid composites laminates: Effect of fibre types. Paper
presented at the Proceedings of World Academy of Science,
Engineering and Technology.

Salleh, Z., Hyie, K. M., Berhan, M. N., Taib, Y. M., Hassan, M., & Isaac, D.
(2013). Effect of low impact energy on kenaf composite and
kenaf/fiberglass hybrid composite laminates. Paper presented at the
Applied Mechanics and Materials.

Salman, S. D., Sharba, M. J., Leman, Z., Sultan, M., Ishak, M., & Cardona, F.
(2015). Physical, Mechanical, and Morphological Properties of Woven
Kenaf/Polymer Composites Produced Using a Vacuum Infusion
Technique. International Journal of Polymer Science, 2015.

Samborsky, D. D., Wilson, T. J., & Mandell, J. F. (2009). Comparison of tensile
fatigue resistance and constant life diagrams for several potential wind
turbine blade laminates. Journal of solar energy engineering, 131(1),
011006.

Sathishkumar, T., Naveen, J., & Satheeshkumar, S. (2014). Hybrid fiber
reinforced polymer composites—a review. Journal of Reinforced
Plastics and Composites, 33(5), 454-471.

Scholz, M.-S., Blanchfield, J., Bloom, L., Coburn, B., Elkington, M., Fuller, J.,

. Rae, S. (2011). The use of composite materials in modern

orthopaedic medicine and prosthetic devices: a review. Composites
Science and Technology, 71(16), 1791-1803.

Shah, , D. U., Schubel, P. J., Licence, P., & Clifford, M. J. (2012). Determining
the minimum, critical and maximum fibre content for twisted yarn
reinforced plant fibre composites. Composites Science and
Technology, 72(15), 1909-1917.

Shah, U, D., Schubel, P. J., & Clifford, M. J. (2012). Modelling the effect of
yarn twist on the tensile strength of unidirectional plant fibre yarn
composites. Journal of composite materials, 0021998312440737.

Shah, U, D., Schubel, P. J., Clifford, M. J., & Licence, P. (2013). Fatigue life
evaluation of aligned plant fibore composites through S—N curves and
constant-life diagrams. Composites Science and Technology, 74, 139-
149.

113



Shah, U, D., Schubel, P. J., Licence, P., & Clifford, M. J. (2012).
Hydroxyethylcellulose surface treatment of natural fibres: the new
‘twist’in yarn preparation and optimization for composites applicability.
Journal of Materials Science, 47(6), 2700-2711.

Shah, D. U., Schubel, P. J., & Clifford, M. J. (2013). Can flax replace E-glass
in structural composites? A small wind turbine blade case study.
Composites Part B: Engineering, 52, 172-181.

Shahzad, & Asim. (2011). Impact and fatigue properties of hemp—glass fiber
hybrid biocomposites. Journal of Reinforced Plastics and Composites,
30(16), 1389-1398.

Singh, B., Gupta, M., & Verma, A. (1995). Mechanical behaviour of particulate
hybrid composite laminates as potential building materials.
Construction and Building materials, 9(1), 39-44.

Sreekala, M., Thomas, S., & Groeninckx, G. (2005). Dynamic mechanical
properties of oil palm fiber/phenol formaldehyde and oil palm fiber/glass
hybrid phenol formaldehyde composites. Polymer composites, 26(3),
388-400.

Srinivasan, V., Boopathy, S. R., Sangeetha, D., & Ramnath, B. V. (2014).
Evaluation of mechanical and thermal properties of banana—flax based
natural fibre composite. Materials & Design, 60, 620-627.

Steinberger, R., Leitdo, T. V., Ladstétter, E., Pinter, G., Billinger, W., & Lang,
R. (2006). Infrared thermographic techniques for non-destructive
damage characterization of carbon fibre reinforced polymers during
tensile fatigue testing. International Journal of Fatigue, 28(10), 1340-
1347.

Stoeckel, F., Konnerth, J., & Gindl-Altmutter, W. (2013). Mechanical properties
of adhesives for bonding wood—A review. International Journal of
Adhesion and Adhesives, 45, 32-41.

Sukumaran, K., Satyanarayana, K., Pillai, S., & Ravikumar, K. (2001).
Structure, physical and mechanical properties of plant fibers of Kerala.
Metals Materials and Processes, 13(2/4), 121-136.

Suriani, MJ, Ali, A., Khalina, A., Sapuan, S., Abdullah, S., & Haftirman. (2012).
Detection of defects in natural composite materials using thermal
imaging technique. Materials Testing, 54(5), 340-346.

Swolfs, Y., Gorbatikh, L., & Verpoest, |. (2014). Fibre hybridisation in polymer
composites: a review. Composites Part A: applied science and
manufacturing, 67, 181-200.

Serensen, B. F., & Holmes, J. W. (1996). Effect of Loading Rate on the
Monotonic Tensile Behavior of a Continuous - Fiber - Reinforced
Glass - Ceramic Matrix Composite. Journal of the American Ceramic
Society, 79(2), 313-320.

Talreja, R. (1981). Fatigue of composite materials: damage mechanisms and
fatigue-life diagrams. Paper presented at the Proceedings of the Royal

114



Society of London A: Mathematical, Physical and Engineering
Sciences.

Thakur, V. K., & Singha, A. S. (2010). Physico-chemical and mechanical
characterization of natural fibre reinforced polymer composites. Iran
Polym J, 19, 3-16.

Thakur, V. K., & Thakur, M. K. (2014). Processing and characterization of
natural cellulose fibers/thermoset polymer composites. Carbohydrate
polymers, 109, 102-117.

Thakur, V. K., Thakur, M. K., & Gupta, R. K. (2014). Review: raw natural fiber—
based polymer composites. International Journal of Polymer Analysis
and Characterization, 19(3), 256-271.

Thom, H. (1998). A review of the biaxial strength of fibre-reinforced plastics.
Composites Part A: applied science and manufacturing, 29(8), 869-
886.

Thomas, S., Idicula, M., & Joseph, K. (2009). Mechanical performance of short
banana/sisal hybrid fibre reinforced polyester composites. Journal of
Reinforced Plastics and Composites.

Thwe, M. M., & Liao, K. (2003). Durability of bamboo-glass fiber reinforced
polymer matrix hybrid composites. Composites Science and
Technology, 63(3), 375-387.

Toubal, L., Karama, M., & Lorrain, B. (2006). Damage evolution and infrared
thermography in woven composite laminates under fatigue loading.
International Journal of Fatigue, 28(12), 1867-1872.

Towo, A. N., & Ansell, M. P. (2008a). Fatigue evaluation and dynamic
mechanical thermal analysis of sisal fibre—thermosetting resin
composites. Composites Science and Technology, 68(3), 925-932.

Towo, A. N., & Ansell, M. P. (2008b). Fatigue of sisal fibre reinforced
composites: constant-life diagrams and hysteresis loop capture.
Composites Science and Technology, 68(3), 915-924.

Tumolva, T., Kubouchi, M., Aoki, S., & Sakai, T. (2010). Effect of fiber loading
on the mechanical strength of NFR hybrid composites. ASEAN Journal
of Chemical Engineering, 1, 21-26.

Velmurugan, R., & Manikandan, V. (2007). Mechanical properties of
palmyra/glass fiber hybrid composites. Composites Part A: applied
science and manufacturing, 38(10), 2216-2226.

Venkata Reddy, G., Noorunnisa Khanam, P., & Shobha Rani, T. (2007).
Chemical resistance studies of kapok/glass and kapok/sisal fabrics
reinforced unsaturated polyester hybrid composites. Bulletin of Pure
and Applied Sciences. Section C, Chemistry, 26(1).

Wan Busu, W., Anuar, H., Ahmad, S., Rasid, R., & Jamal, N. (2010). The
mechanical and physical properties of thermoplastic natural rubber
hybrid composites reinforced with Hibiscus cannabinus, L and short
glass fiber. Polymer-Plastics Technology and Engineering, 49(13),
1315-1322.

115



Weibull, W. (1951). Wide applicability. Journal of applied mechanics, 103, 33.

White, N., & Ansell, M. P. (1983). Straw-reinforced polyester composites.
Journal of Materials Science, 18(5), 1549-1556.

Wicaksono, S., & Chai, G. B. (2013). A review of advances in fatigue and life
prediction of fiber-reinforced composites. Proceedings of the Institution
of Mechanical Engineers, Part L: Journal of Materials Design and
Applications, 227(3), 179-195.

Wong, K. J., Nirmal, U., & Lim, B. (2010). Impact behavior of short and
continuous fiber-reinforced polyester composites. Journal of
Reinforced Plastics and Composites, 29(23), 3463-3474.

Wu, Z., Wang, X., lwashita, K., Sasaki, T., & Hamaguchi, Y. (2010). Tensile
fatigue behaviour of FRP and hybrid FRP sheets. Composites Part B:
Engineering, 41(5), 396-402.

Ya’acob, A. M., Bakar, A. A., Ismail, H., & Zaman, D. K. M. (2011).
Investigation on Improvement of Mechanical Properties of Kenaf/E-
Glass Fiber Composites by Mercerization Process. Key Engineering
Materials, 471, 227-232.

Yahaya, R., Sapuan, S., Jawaid, M., Leman, Z., & Zainudin, E. (2014a).
Effects of kenaf contents and fiber orientation on physical, mechanical,
and morphological properties of hybrid laminated composites for
vehicle spall liners. Polymer composites, 2014, 1-8.

Yahaya, R., Sapuan, S., Jawaid, M., Leman, Z., & Zainudin, E. (2014b).
Mechanical performance of woven kenaf-Kevlar hybrid composites.
Journal of Reinforced Plastics and Composites, 33(24), 2242-2254.

Yahaya, R., Sapuan, S., Jawaid, M., Leman, Z., & Zainudin, E. (2014c). Quasi-
static penetration and ballistic properties of kenaf-aramid hybrid
composites. Materials & Design, 63, 775-782.

Yahaya, R., Sapuan, S., Jawaid, M., Leman, Z., & Zainudin, E. (2015). Effect
of layering sequence and chemical treatment on the mechanical
properties of woven kenaf-aramid hybrid laminated composites.
Materials & Design, 67, 173-179.

Yahaya, R., Sapuan, S., Leman, Z., & Zainudin, E. (2014). Selection of natural
fibore for hybrid laminated composites vehicle spall liners using
analytical hierarchy process (AHP). In Applied Mechanics and Materials
Trans Tech Publications. (664, 400-405).

Yan, L., Chouw, N., & Jayaraman, K. (2014). Flax fibre and its composites—A
review. Composites Part B: Engineering, 56, 296-317.

Yousif, B., Shalwan, A., Chin, C., & Ming, K. (2012). Flexural properties of
treated and untreated kenaf/epoxy composites. Materials & Design, 40,
378-385.

Yuanijian, T., & Isaac, D. (2007). Impact and fatigue behaviour of hemp fibre
composites. Composites Science and Technology, 67(15), 3300-3307.

116



Yuhazri, M., & Sihombing, H. (2010). A comparison process between vacuum
infusion and hand lay-up method toward kenaf/polyester composite.
Paper presented at the International Journal of Basic & Applied
Sciences. Vol: 10 Issue.

Zampaloni, M., Pourboghrat, F., Yankovich, S., Rodgers, B., Moore, J., Drzal,
L., Misra, M. (2007). Kenaf natural fiber reinforced polypropylene
composites: a discussion on manufacturing problems and solutions.
Composites Part A: applied science and manufacturing, 38(6), 1569-
1580.

Zangenberg, J., & Brgndsted, P. (2015). Fatigue life in textile composites used
for wind energy engineering 17. Fatigue of Textile Composites, 403.

Zhang, Y., Li, Y., Ma, H., & Yu, T. (2013). Tensile and interfacial properties of
unidirectional flax/glass fiber reinforced hybrid composites. Composites
Science and Technology, 88, 172-177.

Zhu, S., Mizuno, M., Kagawa, Y., & Mutoh, Y. (1999). Monotonic tension,
fatigue and creep behavior of SiC-fiber-reinforced SiC-matrix
composites: a review. Composites Science and Technology, 59(6),
833-851.

117



