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ABSTRAK 

Serat semulajadi adalah altematif yang boleh dipercayai untuk serat sintetik. Penggunaan 
sera! semulajadi sebagai pengukuh adalah penting untuk menjimatkan tenaga, 
memelihara sumber semula jadi, dan mencapai struktur yang ringan. Malah, pada masa 
kini penyelidikan mengenai hibridisasi kain tenunan semulajadi masih di peringkat awal. 
Matlamat kerja semasa adalah untuk menyiasat sifat-sifat mekanik komposit jut-rami 
dengan resin poliester tak tepu dalam pelbagai jenis parameter seperti saiz lapisan, urutan, 
dan orientasi kain. Di samping itu, kesan kelembapan berlebihan pada sifat-sifat mekanik 
untuk komposit jut-rami dengan polyester tak tepu juga disiasat. Bagi tujuan pengulangan 
eksperimen, sifat-sifat bagi serat tunggal, serat benang and sifat fabrik dianalisis dan 
direkodkan. Sehubungan dengan itu, untuk menentukan komposisi kimia dan kestabilan 
terma fabrik jut dan rami, TAPPI 203 OM 02, teknik "Fourier Transform Infra-Red" 
(FTIR), analisis termogravimetrik dan termogravirnetrik terbitan digunakan. Adalah 
penting untuk mengetahui prestasi rnekanikal untuk serat benang tunggal dan kain 
tenunan dalam arab yang berbeza dari iaitu lekuk and renda. Oleh itu, ujian tarikan serat, 
ujian sentap, ujian mengoyak dan tusukan digunakan untuk merekod prestasi serat 
benang dan kain tenunan jut dan rami. Pengimbasan rnikroskopik elektron (SEM) 
digunakan untuk memeriksa struktur patah, kerosakan (pernisahan, retakan matriks, 
penyingkiran) dan morfologi permukaan komposit. Sampel komposit telah dibuat melalui 
teknik mampatan tangan dengan hidraulik. Maksimum 4 lapisan saiz pelapik digunakan 
dengan urutan dan orientasi kain yang berlainan. Em pat jenis konfigurasi fabrik itu adalah 
seperti berikut: 0° lamina, lamina lintang, lamina bersudut, dan quasi-isotropik. Semua 
sampel komposit mengalami ujian tegangan, ujian lenturan tiga mata dan ujian hentakan 
rnengikut "American Society for Materials Testing" (ASTM). Dalam kes penyerapan air 
dan pengujian bengkak tebal, bahan komposit dengan 2 dan 3 lapisan direndam dalam air 
suling selama 30 hari. Hasil dari kajian ini menunjukkan bahawa sifat mekanik UPE 
dapat dipertingkatkan dengan menggabungkan jut dan rami. Sifat mekanikal untuk 
komposit hibrid terletak di antara komposit jut tunggal dan komposit rami tunggal. 
Berdasarkan keputusan telah rnenunjukkan bahawa kesan susunan urutan susunan dalam 
ujian lenturan. Sebaliknya, komposit dengan orientasi kain 0° lamina dan lintang didapati 
signifikan pada ujian tegangan. Secara keseluruhannya, parameter penting untuk sifat 
tegangan seperti berikut: 1) saiz lapisan 2) orientasi fabrik 3) urutan berlapis. Walau 
bagaimanapun, bagi lenturan dan kesan corak adalah seperti berikut: 1) saiz lapisan 2) 
urutan fabrik 3) orientasi kain. Selain itu, permukaan patah komposit tegangan terns 
dikaji melalui mikroskopik elektron. Menurut imej dari mikrosokopik elektron, dapat 
disimpulkan bahawa permukaan patah bergantung pada orientasi kain. Komposit dengan 
orientasi kain lamina bersudut dan quasi-isotropik didapati mempunyai permukaan patah 
licin yang menunjukkan sifat rapuh. Tambahan pula, perlu diperhatikan bahawa 
penampilan poros di permukaannya adalah minimum. Keputusan ujian bagi jut tunggal, 
rami tunggal dan hybrid jut-ramie dibandingkan dengan nilai pengiraan dari model 
makro-mekanikal seperti peraturan campuran, model Halpin-Tsai, model Hirsch, dan 
model Cox-Krencel.Sementara itu, satu lagi kajian mendedahkan bahawa sifat-sifat 
mekanik komposit jut-rami menurun apabila terdedah kepada keadaan lembapan yang 
berlebihan. Mekanisma pengangkutan air bagi sampel komposit adalah tidak mengikut 
sifat "fickian". Akhir sekali, kadar penyerapan air didapati meningkat disebabkan oleh 
saiz lapisan yang lebih tinggi. 
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ABSTRACT 

The natural fibre is an alternative to synthetic fibre. It is key to saving money, conserving 
natural resources, and providing a lightweight structure. The work on hybridising natural 
fabrics is still in its infancy. The current research investigates the mechanical properties 
of reinforced unsaturated polyester resin with various parameter types such as layering 
size, layering length, and fabric orientation. In the current study, the impact of excessive 
moisture on mechanical properties for hybrid jute-ramie reinforced UPE composites is 
also investigated. For experimental purposes, the properties for single fibre, yam fibre 
and fabric properties were analysed and registered. The simple Ill woven jute and ramie 
were defined in chemical composition, physical properties and mechanical properties. 
TAPPI 203 OM 02, Fourier Transform Infra-Red (FTIR) method, thermogravimetric 
analysis (TGA) and thermogravimetric derivative (DTG) to assess the chemical 
composition and thermal stability of woven jute and ramie. It is essential to note the 
mechanical performance for single yam fibre and woven fabric in a different warp and 
weft direction. Thus, the multi-fibre-pull-out test, grab test, tearing and puncture test was 
used to record the performance of yam fibre and woven fabric of jute and ramie. The 
scanning electron microscope was employed to examine fracturen faces, damage 
(splitting, matrix cracking, delamination) and composite surface morphology. The 
composite sample fabricated via hand lay-up and hydraulic compression technique. 
Maximum 4 layers of layering size were applied with layering sequence and fabric 
orientation. Four fabric configuration types have been analysed: 0° laminates, cross-ply 
laminates, angle-ply laminates and quasi-isotropic. According to the American Society 
for Testing Materials (ASTM), all-composite samples undergo tensile testing, flexural 
testing, and impact testing according to the American Society for Testing Materials 
(ASTM). The composite material with 2 and 3 layers immersed in distilled water for 
about 30 days in the water absorption and thickness swelling testing. The present study 
indicated that the mechanical properties of UPE could considerably be improved by 
incorporating different layering sizes of jute and ramie reinforcement. The mechanical 
properties for hybrid composite lie in between single jute composite and single ramie 
composite. Based on the results have shown that the effect of stacking sequence 
dominance in the flexural test. On the other hand, the composite with fabric orientation 
of 0° laminates and cross-ply found to be significant on the tensile testing. Overall, the 
vital parameter for tensile properties is the following: l) layering size 2) fabric orientation 
3) layering sequence. Nonetheless, following such pattern are recognised for flexural and 
impact: I) layering size 2) layering sequence 3) fabric orientation. Other than that, the 
tensile composite's fracture surface was further investigated via scanning electron 
microscopic (SEM). According to the SE:vl image, it can be concluded that the fracture 
surface is dependent on fabric orientation. The composites with fabric orientations of 
angle-ply and quasi-isotropic have a smooth fracture surface. Their presence of micro
void and porous on the surface is minimum. Single jute, single ramie and hybrid jute
ramie were compared with computational models such as rule of mixture, inverse rule of 
mixture, Halpin-Tsai, Hirsch and Cox- Krencel's. Meanwhile, another study revealed that 
the hybrid jute-ramie mechanical properties reinforced UPE dropped when exposed to 
excessive moisture. Mechanism ofwatcr transport for the composite sample follow non
fickian behaviour. Finally, the rate of water absorption found to increase due to the higher 
number of layering sizes. 

IV 



TABLE OF CONTENT 

DECLARATION 

TITLE PAGE 

ACKNOWLEDGEMENTS 

ABSTRAK 

ABSTRACT 

TABLE OF CONTENT 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF SYMBOLS 

LIST OF ABBREVIATIONS 

LIST OF APPENDICES 

CHAPTER I INTRODUCTION 

l.l Overview 

1.2 Problem Statement 

l.3 Aims and Objectives 

1.4 Scope and Limitations 

1.5 Significance of the Study 

1.6 Outline of the Thesis 

CHAPTER 2 LITERATURE REVIEW 

2.1 

2.2 

Introduction 

Natural Fibre 

2.2.1 Mechanical Properties of Natural Fibre 

2.2.2 Chemical Content of Bast fibre 

v 

ii 

iii 

iv 

v 

xi 

xiv 

xix 

xxii 

xxiv 

l 

2 

4 

4 

5 

5 

7 

7 

7 

10 

lO 



2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

Jute Plant 

Ramie Plant 

Pre-treatment of Jute and Ramie 

The Production and Market of Jute and Ramie 

Reinforced Phase 

Polymer Fibre Reinforced Composite (PFRC) 

Background of Laminate Composite 

2.9.1 Woven Preform 

2.9.2 Woven Jute and Ramie Laminate Composite 

2.1 0 The Iv1anufacturing Natural Fibre Reinforced Polyester Composite 

2.1 0.1 Hand Lay-up 

2.10.2 Resin Transfer Moulding (RTM) 

2.10.3 Vacuum Bagging 

2.1 0.4 Compression Moulding 

2.11 Hybrid Reinforcement Composite 

2.12 Effect of Woven Parameters 

2.12.1 Effect of the Fabric Architecture 

2.12.2 EffectofTwist Yarn 

2.12.3 Effect of Linear Density 

2.12.4 Effect of Yarn Crimp 

2.13 Effect of Laminated Parameters 

2.13.1 Volume Fraction, Weight Fraction or Layering Size 

2.13.2 Effect of Fabric Orientation 

2.13.3 Effect of Layering Sequence 

2.14 Water Absorption on the Natural Fibre Reinforced Composite 

2.15 Micromechanical Model for Woven Composite 

VI 

13 

14 

15 

17 

20 

21 

23 

24 

26 

27 

29 

30 

31 

31 

33 

36 

37 

43 

44 

45 

46 

46 

47 

62 

65 

71 



2.15.1 Fundamental of Micromechanical Model for Composite 

Materials 

2.15.2 Comparative study of a micromechanical model 

2.15.3 Rule of Mixture Micromechanical Model 

2.15.4 Halpin-Tsai Micromechanical Model 

2.15.5 Hirsch's Micromechanical Model 

2.15.6 Cox-Krencel's Micromechanical Model 

2.16 Brief of Conclusion 

CHAPTER 3 METHODOLOGY 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

Overview 

Material 

3.2.1 Polyester Resin 

3.2.2 Reinforcement Materials 

Characteristic of Woven Fabric 

3.3.1 Single Fibre Characteristic 

3.3.2 Yam Characteristic 

3.3.3 Fabric Characteristic 

Formulation and Lay-up Configuration of Composite Plate 

3.4.1 Lay-up Configuration for Samples with Different Stacking 

Sequence 

3.4.2 Lay-up Configuration for the Sample with Different Fabric 

Orientation 

Sample Fabrication 

3.5.1 Composite Plate 

Mechanical Testing 

3.6.1 Tensile Testing 

vii 

71 

72 

73 

76 

77 

77 

77 

80 

80 

80 

80 

82 

83 

85 

87 

90 

96 

102 

102 

104 

104 

109 

109 



3.6.2 Flexural Testing 

3.6.3 lzod Impact Testing 

3.6.4 Water Absorption and Thickness Swelling 

3.7 Scanning Electron Microscope (SEM) 

3.8 Density and Void Content of the Composite 

3.9 Diffusivity, Sorption Coefficient and Permeability 

3.10 Mechanism of Water Transport 

3.11 Application of the Micro mechanical model 

3.1 !.1 Rule of Mixture Model 

3.11.2 Halpin-Tsai Model 

3.11.3 Hirsch Model 

3 .11.4 Cox-Krencel's Model 

3.12 Conclusion 

CHAPTER 4 RESULTS AND DISCUSSION 

4.1 

4.2 

4.3 

4.4 

4.5 

Introduction 

Fibre Chemical Content 

Fourier Transform Infrared Analysis (FTIR) 

Thermal Analysis of Jute and Ramie fibre. 

Single Fibre Characteristic 

II 0 

111 

112 

114 

114 

115 

116 

117 

117 

118 

119 

l 19 

121 

123 

123 

123 

124 

127 

129 

4.5.1 Fibre Diameter for Single Yarn Fibre of Jute and Ramie Fibre 130 

4.6 

4.5.2 Shape and Fibre Diameter for Single Yarn Fibre of Jute Fibre and 

Ramie 

Yarn Fibre Characteristic 

4.6.1 Twist angle, Yarn Crimp, Yam Diameter, Mass and Density of 

Yam Fibre 

4.6.2 Multiple Yarn Pull-out Testing 

Vlll 

131 

132 

132 

137 



4.7 Fabric Analysis 139 

4.7.1 Fabric Characteristics 139 

4. 7.2 Durability Characteristics of Woven Fabric of Jute and Ramie 140 

4.8 

4.9 

Composite Characteristics 

4.8.1 The Density of the Composite 

4.8.2 Void Content 

Result of Tensile Testing 

4.9.1 Effect of Layering Size on Tensile Propetties 

4.9.2 Effect of Hybridisation on Tensile Properties 

4.9.3 Effect of the Fibre Orientation on Tensile Properties 

4.10 Flexural Testing 

4.10.1 Effect of Layering Size on Flexural Properties 

4.10.2 Effect ofHybridisation on Flexural Properties 

4.1 0.3 Effect of the Fibre Orientation on Flexural Properties 

4.11 Notched Impact Testing 

4.11.1 Effect of Layering Size on Impact Properties 

4.11.2 Effect of Hybridisation on Impact Properties 

4.11.3 Effect of the Fabric Orientation on the Impact Properties 

4.12 Result for Micromechanical Model for woven composite 

146 

146 

147 

149 

149 

152 

155 

161 

161 

163 

167 

172 

172 

174 

175 

178 

4.12.1 Micromechanical Model for Single Fibre Woven Composite 178 

4. 12.2 Micromechanical Model for Hybrid Woven Composite 

4.13 SEM of Fracture Sample 

4.14 Effect of Water Absorption on the Composite Sample 

4.14.1 Water Absorption 

4.14.2 Thickness Swelling 

4.14.3 Result for the Mechanism of Water Transport 

IX 

183 

187 

189 

189 

193 

194 



4.14.4 Diffusivity, Sorption Coefficient and Permeability 

4.14.5 Effect of the Immersion Time on the Tensile Strength and 

Tensile Modulus 

4.15 Summary 

CHAPTER 5 CONCLUSION AND RECOMMENDATIONS 

5.1 

5.2 

5.3 

Introduction 

Conclusion 

Recommendations 

REFERENCE 

APPENDICES 

X 

196 

197 

201 

205 

205 

205 

208 

209 

229 



REFERENCE 

Abd-Ali, N. K., & Madeh, A. R. (2016). Effect of fiber orientation angles on 
mechanical behavior of car bumper composite. Kufa Journal of Engineering, 
7(3), 27-37. 

Abdellaoui, H., Bensalah, H., Echaabi, J ., Bouhfid, R., & Qaiss, A. (20 15). Fabrication, 
characterization and modelling oflaminated composites based on woven jute 
fibres reinforced epoxy resin. Materials & Design, 68, 104-113. 
doi: I 0.10 16/j.matdes.20 14.11.059 

Abu Bakar, M.A., Ahmad, S., Kasolang, S., Ahmad, M.A., Nik Roseley, N. R., 
Norazlini, S., & Kuntjoro, W. (2015). Mechanical performance of modified 
epoxy reinforced hybrid natural fiber composite. Jurnal Teknologi, 76(3 ), 13-17. 
doi: I 0.11113/jt.v76.5504 

Accra Fernandez, J., Le Moigne, N., Caro-Bretelle, A. S. S., ElHage, R., Le Due, A., 
Lozachmeur, M., ... Bergeret, A. (20 16). Role of flax cell wall components on 
the microstructure and transverse mechanical behaviour of flax fabrics 
reinforced epoxy biocomposites.Jndustrial Crops and Products, 85, 93-108. 
doi: I 0.10 16/j .indcrop.20 16.02.04 7 

Acha, B. A., Marcovich, N. E., & Reboredo, M. M. (2005). Physical and mechanical 
characterization of jute fabric composites. Journal of Applied Polymer Science, 
98(2), 639-650. doi: I 0.1 002/app.22083 

Acharya, S. D. S. (20 14). Study on mechanical properties of natural fiber reinforced 
woven jute-glass hybrid epoxy composites. Advances in Polymer Science and 
Technology, 4(1 ). 

Acharya, S. K., & Soma, D. (2014). Study on mechanical properties of natural tiber 
reinforced woven jute-glass hybrid epoxy composites. Advances in Polymer 
Science and Technology, 4(1), 1-6. 

Achukwu, E. 0., Dauda, B. M., lshiaku, U.S., & Nallathambi, G. (2015). Effects of 
Fabric Pattern on the Mechanical Properties of Cotton Fabric/Unsaturated 
Polyester Composites. British Journal of Applied Science & Technology, 11(44), 
1-11. doi:l0.9734/BJAST/2015/20006 

Adams, D. F., & Doner, D. R. (1967). Longitudinal shear loading of a unidirectional 
composite. Journal of Composite Materials, 1(1 ), 4-17. 

Affdl, J. H., & Kardos, J. (1976). The Halpin-Tsai equations: a review. Polymer 
Engineering & Science, 16(5), 344-352. 

209 



Aggarwal, P. K., Raghu, N., Karmarkar, A., & Chuahan, S. (2013). Jute-polypropylene 
composites using m-TMI-grafted-polypropylene as a coupling agent. Materials 
and Design, 43, 112-117. doi:IO.IOI6/j.matdes.2012.06.026 

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(1-3), 330-335. 
doi: I 0.10 16/j.jmatprotec.2008.06.038 

Aisyah, H., Paridah, M., Khalina, A., Sapuan, S., Wahab, M., Berkalp, 0., ... Lee, S. 
(20 18). Effects of fabric counts and weave designs on the properties of 
laminated woven kenaf/carbon fibre reinforced epoxy hybrid composites. 
Polymers, 1 0(12), 1320. 

Akampumuza, 0., Wambua, P.M., Ahmed, A., Li, W., & Qin, X. (2016). Review of 
the Applications of Biocomposites in the Autmotive Industry. Polymer 
Composites. doi: I 0.1002/pc.23847 

Akil, H. M., Cheng, L. W., Mohd Ishak, Z. A., Abu Bakar, A., & Abd Rahman, M.A. 
(2009). Water absorption study on pultruded jute fibre reinforced unsaturated 
polyester composites. Composites Science and Technology, 69(11-12), 1942-
1948. doi: I 0.1 0\6/j.compscitech.2009.04.014 

Akil, H. M., Omar, M. F., Mazuki, A. A.M., Safiee, S., Ishak, Z. A. M., Bakar, A. A., 
& Abu Bakar, A. (2011). Kenaffiber reinforced composites: A review. 
Materials and Design, 32(8-9), 4107-4121. doi: I 0.10 16/j.matdes.2011.04.008 

Akil, H. M., Santulli, C., Sarasini, F., Tirill, J., & Valente, T. (2014). Environmental 
effects on the mechanical behaviour ofpultrudedjute/glass fibre-reinforced 
polyester hybrid composites. Composites Science and Technology, 94, 62-70. 
doi: 10.10 16/j.compscitech.20 14.01.017 

Al-Hajaj, Z., Bougherara, H., & Fawaz, Z. (2018). Mechanical characterization of a 
hybrid composite sandwich structure made of woven carbon/flax fibers. 
International Journal of Mechanical and Production Engineering, 6(2), 40-45. 

Alavudeen, A., Rajini, N., Karthikeyan, S., Thiruchitrambalam, M., & Venkateshwaren, 
N. (2015). Mechanical properties ofbananalkenaffiber-reinforced hybrid 
polyester composites: Effect of woven fabric and random orientation. Materials 
& Design (1980-2015), 66,246-257. doi:l0.1016/j.matdes.2014.10.067 

Alhijazi, M., Zeeshan, Q., Qin, Z., Safaei, B., & Asmael, M. (2020). Finite element 
analysis of natural fibers composites: A review. Nanotechnology Reviews, 9(1), 
853-875. 

Anaidhuno, U., Edelugo, S., & Nwobi-Okoye, C. (2017). Evaluation of the Mechanical 
Properties and Simulation of Sisal/Jute Hybrid Polymer Composite Failure in 
Automobile Chassis Panel. Evaluation, 7(09). 

210 



Anandjiwala, R. D., & Blouw, S. (2004). Composites From Bast Fibres- Prospects and 
Potential. FAO Global Workshop: Bast Fibrous Plants for Healthy 
Life(December 20 14), 1-22. doi: I 0.1300/J395v04n02 

Andre, N ., Aria wan, D., & Mohd Ishak, Z. (20 17). Mechanical properties and 
micromechanical analysis of nonwoven kenaf fibre/epoxy composites produced 
by resin transfer moulding. Journal of Composite Materials, 51(13), 1875-1885. 

Angelini, L. G., & Tavarini, S. (2013). Ramie [Boehrneria nivea (L.) Gaud.] as a 
potential new fibre crop for the Mediterranean region: Growth, crop yield and 
fibre quality in a long-term field experiment in Central Italy. Industrial Crops 
and Products, 51, 138-144. doi:IO.l016/j.indcrop.2013.09.009 

Araujo, E. M., Araujo, K. D., Pereira, 0. D., Ribeiro, P. C., & Melo, T. J. a. D. (2006). 
Fiberglass Wastes/Polyester Resin Composites: Mechanical Properties and 
Water Sorption. Polimeros: Cii!ncia e Tecnologia, 16(4), 332-335. 

Ary Subagia, I. D. G., Kim, Y., Tijing, L. D., Kim, C. S., & Shon, H. K. (2014). Effect 
of stacking sequence on the flexural properties of hybrid composites reinforced 
with carbon and basalt fibers. Composites Part B: Engineering, 58, 251-258. 
doi: I 0.10 16/j.compositesb.20 13.10.027 

Asim, M., Abdan, K., Jawaid, M., Nasir, M., Dashtizadeh, Z., Ishak, M., & Hoque, M. 
E. (20 15). A review on pineapple leaves fibre and its composites. International 
Journal of Polymer Science, 2015. 

Asim, M., Abdan, K., Jawaid, M., Nasir, M., Dashtizadeh, Z., Ishak, M. R., & Hoque, 
M. E. (20 I 5). A Review on Pineapple Leaves Fibre and Its Composites. 
International Journal of Polymer Science, 2015, 1-16. doi:l 0.1155/2015/950567 

Athijayamani, A., Thiruchitrambalam, M., Jappes, J. T. W., & Alavudeen, A. (2011). 
Effects of fibre content on the mechanical properties of short roselle/sisal fibre 
polyester hybrid composite. International Journal of Computer Aided 
Engineering and Technology. doi: I 0. I 504/IJCAET.201l.042362 

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), 344-353. doi: I 0.1016/j.msea.2009.04.027 

Bacci, L., Baronti, S., Predieri, S., & di Virgilio, N. (2009). Fiber yield and quality of 
fiber nettle (Urtica dioica L.) cultivated in Italy. Industrial Crops and Products, 
29(2-3), 480-484. doi: 10.10 16/j.indcrop.2008.09.005 

Baghaei, B., & Skrifvars, M. (2016). Characterisation of poly lactic acid biocomposites 
made from prep regs composed of woven poly lactic acid/hemp-Lyocell hybrid 
yam fabrics. Composites Part A: Applied Science and Manufacturing, 81, 139-
144. doi:l 0.10 16/j.compositesa.20 15.10.042 

211 



Baghaei, B., SkrifVars, M., & Berglin, L. (2015). Characterization of thermoplastic 
natural fibre composites made from woven hybrid yarn prepregs with different 
weave pattern. Composites Part A: Applied Science and Manufacturing, 76, 
154-161. doi: I 0.10 16/j.compositesa.20 15.05.029 

Bagherpour, S. (20 12). Fibre reiriforced polyester composites: In Tech London. 

Baillargeon, Y., & Vu-Khanh, T. (2001). Prediction of fiber orientation and 
microstructure of woven fabric composites after forming. Composite Structures, 
52(3-4), 475-481. doi: I 0.1 016/S0263-8223(01 )00037-X 

Banakar, P., Shivananda, H., & Niranjan, H. (2012). Influence of fiber orientation and 
thickness on tensile properties of laminated polymer composites. International 
Journal of Pure and Applied Sciences and Technology, 9( I), 61. 

Barcelos, L., Universidade, 0., Alves, H., Physical, A., Campos, S., Universidade, A., . 
. . Alves, H. (2014). Elastic Moduli characterization of composites using the 
Impulse Excitation Technique Elastic Moduli characterization of composites 
using the Impulse Excitation Technique. ATCP Physical Engineering(May 
20 15). doi: I 0.13140/RG.2.1.1551.2481 

Begum, K., & Islam, M.a. (2013). Natural Fiber as a substitute to synthetic fiber in 
polymer composites : A review. Research Journal of Engineering Sciences, 
2(3), 46-53. doi: I 0.13140/RG.2.1.2685.6163 

Bilisik, K., Karaduman, N. S., Bilisik, N. E., & Bilisik, H. E. (2013). Three-dimensional 
fully interlaced woven preforms for composites. Textile Research Journal, 
83(19), 2060-2084. doi: I 0.1177/0040517513487791 

Bisaria, H., Gupta, M. K., Shandilya, P., & Srivastava, R. K. (2015). Effect of Fibre 
Length on Mechanical Properties of Randomly Oriented Short Jute Fibre 
Reinforced Epoxy Composite. Materials Today: Proceedings, 2(4-5), 1193-
1199. doi: 10.10 16/j.rnatpr.20 15.07.031 

Biswas, S., Shahinur, S., Hasan, M., & Ahsan, Q. (2015). Physical, Mechanical and 
Thermal Properties of Jute and Bamboo Fiber Reinforced Unidirectional Epoxy 
Composites. Procedia Engineering, 105(lcte 2014), 933-939. 
doi: I 0.10 16/j.proeng.20 15.05.118 

Bledzki, A. K., Franciszczak, P., Osman, Z., & Elbadawi, M. (2015). Polypropylene 
biocomposites reinforced with softwood, abaca, jute, and kenaf fibers. Industrial 
Crops and Products, 70, 91-99. doi: 10.1 016/j.indcrop.2015.03.013 

Bledzki, A. K., Sperber, V., & Faruk, 0. (2002). Natural and wood fibre reinforcement 
in polymers (Vol. 13): iSmithers Rapra Publishing. 

Boopa1an, M., Niranjanaa, M., & Umapathy, M. J. (2013). Study on the mechanical 
properties and thermal properties of jute and banana fiber reinforced epoxy 

212 



hybrid composites. Composites Part B: Engineering, 51,54-57. 
doi: I 0.10 16/j .compositesb.20 13.02.033 

Bourmaud, A., Morvan, C., Bouali, A., Placet, V., Pern!, P., & Baley, C. (2013). 
Relationships between micro-fibrillar angle, mechanical properties and 
biochemical composition of flax fibers. Industrial Crops and Products, 44, 343-
351. doi:l0.l016/j.indcrop.2012.11.031 

Braga, R. A., & Magalhaes Jr, P. A. A. (2015). Analysis of the mechanical and thermal 
properties of jute and glass fiber as reinforcement epoxy hybrid composites. 
Materials Science and Engineering: C, 56, 269-273. 
doi:http://dx.doi.org/l 0.10 16/j .msec.2015.06.031 

Briihlmann, F., Leupin, M., Erismann, K. H., & Fiechter, A. (2000). Enzymatic 
degumming of ramie bast fibers. Journal of Biotechnology, 76(1 ), 43-50. 
doi: I 0.10 16/SO 168-1656(99)00 175-3 

Cay, A., Atrav, R., & Duran, K. (2007). Effects of warp-weft density variation and 
fabric porosity of the cotton fabrics on their colour in reactive dyeing. Fibres & 
Textiles in Eastern Europe(! (60)), 91--94. 

Chandrasekar, M., Ishak, M., Jawaid, M., Sapuan, S., & Leman, Z. (2018). Low 
velocity impact properties of natural fiber-reinforced composite materials for 
aeronautical applications. In Sustainable Composites for Aerospace Applications 
(pp. 293-313): Elsevier. 

Chattopadhyay, B. C., & Chakravarty, S. (2009). Geotextiles and Geomembranes 
Application of jute geotextiles as facilitator in drainage. Geotextiles and 
Geomembranes, 27(2), 156-161. doi: 10.1 016/j.geotexmem.2008.09.002 

Cherif, Z. E., Poilane, C., Vivet, A., Ben Doudou, B., & Chen, J. (2016). About optimal 
architecture of plant fibre textile composite for mechanical and sorption 
properties. Composite Structures, 140, 240-251. 
doi: I 0.10 16/j.compstruct.20 15.12.030 

Codispoti, R., Oliveira, D. V., Olivito, R. S., Louren9o, P. B., & Fangueiro, R. (2015). 
Mechanical performance of natural fiber-reinforced composites for the 
strengthening of masonry. Composites Part B: Engineering, 77, 74-83. 
doi: I 0.10 16/j.compositesb.20 15.03.021 

Couture, A., Lebrun, G., & Laperriere, L. (2016). Mechanical properties ofpolylactic 
acid (PLA) composites reinforced with unidirectional flax and flax-paper layers. 
Composite Structures, 154, 286-295. doi: I 0.10 16/j.compstruct.20 16.07.069 

Dan-mallam, Y., Hong, T. W., Majid, A., & Shukry, M. (2015). Mechanical 
characterization and water absorption behaviour of interwoven kenaf/PET fibre 
reinforced epoxy hybrid composite. International Journal of Polymer Science, 
2015. 

213 



Das, B., Das, A., Kothari, V., Fanguiero, R., & De Araujo, M. (2008). Effect of fibre 
diameter and cross-sectional shape on moisture transmission through fabrics. J 
Fibers Polymers, 9(2), 225-231. 

Das, P. C. (2012). Jute Production Technology: WSIC Ebooks Ltd. 

De Medeiros, E. S., Agnelli, J. A.M., Joseph, K., De Carvalho, L. H., & Mattoso, L. H. 
C. (2005). Mechanical properties of phenolic composites reinforced with 
jute/cotton hybrid fabrics. Polymer Composites, 26(1), 1-11. 
doi: 10.1 002/pc.20063 

de Oliveira, F. H., Helfer, A. L., & Amico, S.C. (2012). Mechanical behavior of 
unidirectional curaua fiber and glass fiber composites. Paper presented at the 
Macromolecular Symposia. 

Dhoot, N. S., Patil, L. G., & Katkar, P.M. (2014). Effect of fabric weaves on 
compressional behaviour of woven fabric. Indian Journal of Fibre and Textile 
Research. 39(1), 79-82. 

Dixit, A., Misra, R., & Mali, H. S. (2014). Finite element compression modelling of2x2 
twill woven fabric textile composite. Procedia Materials Science, 6, I 143-1149. 

Dong, K., Liu, K., Zhang, Q., Gu, B., & Sun, B. (2016). Experimental and numerical 
analyses on the thermal conductive behaviors of carbon fiber/epoxy plain woven 
composites. International Journal of Heat and Mass Transfer, 102, 501-517. 
doi: I 0.10 16/j.ijheatmasstransfer.2016.06.035 

Du, Y., Yan, N., & Kortschot, M. T. (2014). The use of ramie fibers as reinforcements 
in composites. 

Dusenbury, J. H., & Dansizer, C. J. (1960). Effects of fibre diameter and crimp on 
properties of wool fabrics and other fibre assemblies: part ii. Properties of top, 
roving, yarn, and fabric. Journal of The Textile Institute Transactions, 51(12), 
T 1443-Tl460. 

Engelund, E. T., Thygesen, L. G., Svensson, S., & Hill, C. A. (2013). A critical 
discussion of the physics of wood-water interactions. J Wood science 
technology, 47(1), 141-161. 

Espert, A., Vilaplana, F., & Karlsson, S. (2004). Comparison of water absorption in 
natural cellulosic fibres from wood and one-year crops in polypropylene 
composites and its influence on their mechanical properties. Composites Part A: 
Applied Science and Manufacturing, 35(11), 1267-1276. 

Fan, M., Dai, D., & Huang, B. (2012). Fourier transform infrared spectroscopy for 
natural fibres. In Fourier transform-materials analysis: Intechopen. 

Fan, P., He, F., Yang, Y., Ao, M., Ouyang, J., Liu, Y., & Yu, L. (2015). In-situ 
microbial degumming technology with Bacillus sp. HG-28 for industrial 

214 



production of ramie fibers. Biochemical Engineering Journal, 97, 50-58. 
doi: 10.10 16/j.bej.20 14.12.010 

Faruk, 0., Bledzki, A. K., Fink, H.-P., & Sain, M. (2014). Progress Report on Natural 
Fiber Reinforced Composites. Macromolecular Materials and Engineering, 
299(1 ), 9-26. doi: 10.1 002/mame.20 1300008 

Ferreira, J. M., Capela, C., Manaia, J., & Costa, J.D. (2016). Mechanical properties of 
woven mat jute/epoxy composites. Materials Research, 19(3), 702-710. 
doi: I 0.1590i1980-53 73-MR-20 15-0422 

Galehdar, A., Rowe, W. S., Ghorbani, K., Callus, P. J., John, S., & Wang, C. H. (2011). 
The effect of ply orientation on the performance of antennas in or on carbon 
fiber composites. Progress In Electromagnetics Research, I 16, 123-136. 

Gassan, J., & Bledzki, A. K. (1999). Possibilities for improving the mechanical 
properties of jute/epoxy composites by alkali treatment of fibres. J Composites 
Science Technology, 59(9), 1303-1309. 

George, M., Chae, M., & Bressler, D. C. (2016). Composite materials with bast fibres: 
Structural, technical, and environmental properties. Progress in Materials 
Science, 83, 1-23. doi:IO.I016/j.prnatsci.2016.04.002 

Ghafaar, M.A., Mazen, A., & EI-Mahallawy, N. (2006). Application of the rule of 
mixtures and Halpin-Tsai equations to woven fabric reinforced epoxy 
composites. Journal of Engineering Sciences, Assiut University, 34( I), 227-236. 

Ghamarian, N., Azmah Hanim, M.A., Penjumras, P., & Majid, D. L. (2016). Effect of 
Fiber Orientation on the Mechanical Properties of Laminated Polymer 
Composites. Reference !vfodule in Materials Science and J.faterials Engineering, 
1-20. doi: 10.1 016/B978-0-12-803581-8.04083-2 

Gherissi, A. 0. (2019). Failure study of the woven composite material: 2.5 D carbon 
fabric/resin epoxy. Journal of Mechanical Engineering and Sciences, 13(3), 
5390-5406. 

Giner, E., Franco, V., & Vercher, A. (2014). Estimation of the reinforcement factor ( 
for calculating e2 with the halpin-tsai equations using the Finite Element 
Method Paper presented at the ECCM16-16th European Conference on 
Composite Materials. 

Goutianos, S., Peijs, T., Nystrom, B., & SkrifVars, M. (2006). Development of flax fibre 
based textile reinforcements for composite applications. Applied Composite 
Materials. 13(4), 199-215. doi:IO.I007/sl0443-006-9010-2 

Gujjala, R., Ojha, S., Acharya, S. K., & Pal, S. K. (2013). Mechanical properties of 
woven jute-glass hybrid-reinforced epoxy composite. Journal of Composite 
Materials, 0(0), 1-11. doi:l0.1177/0021998313501924 

215 



Gutierrez, M. C., De Paoli, M.-A., & Felisberti, M. I. (2014). Cellulose acetate and 
short curawi fibers biocomposites prepared by large scale processing: 
Reinforcing and thermal insulating properties. Industrial Crops and Products, 
52, 363-372. 

Hamdan, A., Mustapha, F., Ahmad, K., Mohd Rafie, A., Ishak, M., & Ismail, A. (2016). 
The effect of customized woven and stacked layer orientation on tensile and 
flexural properties of woven kenaf fibre reinforced epoxy composites. 
International Journal of Polymer Science, 2016. 

Han, S. 0., & Drzal, L. T. (2003). Water absorption effects on hydrophilic polymer 
matrix of carboxyl functionalized glucose resin and epoxy resin. J European 
Polymer Journal, 39(9), 1791-1799. 

Haneeta, A., Bindu, P., Aravind, 1., & Thomas, S. (2008). Studies on tensile and 
flexural properties of short banana/glass hybrid tiber reinforced polystyrene 
composites. Journal of Composite Materials, 42(15), 1471-1489. 

Heidari-Rarani, M., Bashandeh-Khodaei-Naeini, K., & Mirkhalaf, S. (20 18). 
Micromechanical modeling of the mechanical behavior of unidirectional 
composites-A comparative study. Journal of Reinforced Plastics and 
Composites, 3 7(16), 1051-1071. 

Horrocks, A. R., & Anand, S. C. (20 15). Handbook of Technical Textiles: Technical 
Textile Processes: Woodhead Publishing. 

Hossain, M. M ., Datta, E., & Rahman, S. (20 16a). A Review on Different Factors of 
Woven Fabrics' Strength Prediction. Science Research, 4(3), 88-97. 
doi:IO.II648/j.sr.20160403.13 

Hossain, M. M., Datta, E., & Rahman, S. (20 16b ). A review on different factors of 
woven fabrics' strength prediction. Science Research, 4(3), 88. 

lm, M., Mm, 1., & Ja, E. (2016). Fabric Parameter Effect on the Mechanical Properties 
of Woven Hemp Fabric Reinforced Composites as an Alternative to Wood 
Products. Adv Res Text Eng, I (I), 1-11. 

Ismail, N. F., Sulong, A. B., Muhamad, N., Tholibon, D., MdRadzi, M. K. F., & 
Wanlbrahim, W. A. S. (2015). Review of the Compression Moulding of Natural 
Fiber-Reinforced Thermoset Composites: Material Processing and 
Characterisations. Pertanika Journal of Tropical Agricultural Science, 38( 4 ), 
533-547. 

Jauhari, N ., Mishra, R., & Thakur, H. (20 15). Natural Fibre Reinforced Composite 
Laminates- A Review. Materials Today: Proceedings, 2(4-5), 2868-2877. 
doi: I 0. I 0 16/j.matpr.20 15.07.304 

Jawaid, M., Abdul Khalil, H. P. S., & Abu Bakar, A. (2010). Mechanical performance 
of oil palm empty fruit bunches/jute fibres reinforced epoxy hybrid composites. 

216 



Materials Science and Engineering A, 527(29-30), 7944-7949. 
doi: 10.1016/j.msea.2010.09.005 

Jawaid, M., Abdul Khalil, H. P. S., & Abu Bakar, 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. 
doi: I 0.10 16/j.msea.20 11.03.047 

Jawaid, M., Abdul Khalil, H. P. S., Hassan, A., Dungani, R., & Hadiyane, A. (2013). 
Effect of jute fibre loading on tensile and dynamic mechanical properties of oil 
palm epoxy composites. Composites Part B: Engineering, 45(1), 619-624. 
doi: I 0.10 16/j.compositesb.20 12.04.068 

Jawaid, M., Abdul Khalil, H. P. S., Noorunnisa Khanam, P., & Abu Bakar, A. (2011). 
Hybrid Composites Made from Oil Palm Empty Fruit Bunches/Jute Fibres: 
Water Absorption, Thickness Swelling and Density Behaviours. Journal of 
Polymers and the Environment, 19(1 ), I 06-109. doi: I 0. 1007/s\0924-0 I 0-0203-
2 

Jawaid, M., Khalil, H. A., Bakar, A. A., & Khanam, P. N. (2011). Chemical resistance, 
void content and tensile properties of oil palm/jute fibre reinforced polymer 
hybrid composites. Materials & Design, 32(2), 1014-1019. 

Jawaid, M., Putra, U., Khalil, A., Bhat, A. H., Abu, A., & Universiti, B. (201\).lmpact 
Properties of Natural Fiber Hybrid Reinforced Epoxy Composites. In Advanced 
Materials Research, 264(August 20 16), 688-693. 
doi: I 0.4028/www.scientific.net/ AMR.264-265.688 

John, M. J., & Rajesh, D. A. (2008). Recent Developments in Chemical Modification 
and Characterization of Natural Fiber-Reinforced Composites. Wiley 
lnterScience, 29(2), 187-207. doi: I 0.1 002/pc 

Johnson, R. D. J., Arumugaprabu, V., & Ko, T. J. (2019). Theoretical and Experimental 
· Evaluation ofTensi1e Property ofSansevieria Cylindrica Reinforced Wood 

Waste Biochar Tailored Vinyl Ester Composite. International Journal of 
Engineering and Advanced Technology, 9(1 S4), 34-37. 

Kalaprasad, G., Joseph, K., Thomas, S., & Pavithran, C. (1997). Theoretical modelling 
of tensile properties of short sisal fibre-reinforced low-density polyethylene 
composites. Journal of materials science, 32(16), 4261-4267. 

Kalia, S., Dufresne, A., Cherian, B. M., Kaith, B. S., Averous, L., Njuguna, J., & 
Nassiopoulos, E. (20 II). Cellulose-based bio- and nanocomposites: A review. 
International Journal of Polymer Science, 2011. doi: 10.1155/2011/837875 

Kalita, B. B., Gogoi, N., & Kalita, S. (2013). Properties of ramie and its blends. 
International .Journal of Engineering Research and General Science, I (2), 1-6. 

217 



Katayama, T., Tanaka, K., Murakami, T., & Uno, K. (2006). Compression moulding of 
jute fabric reinforced thermoplastic composites based on PLA non-woven 
fabric. WIT Transactions on the Built Environment, 85, 159-167. 
doi: l 0.2495/HPSM060 17 

Khalil, H. A., Bhat, 1., Jawaid, M., Zaidon, A., Hermawan, D., & Hadi, Y. (2012). 
Bamboo fibre reinforced biocomposites: A review. Materials & Design, 42, 
353-368. 

Khalil, H. A., Jawaid, M., & Bakar, A. A. (2011). Woven hybrid composites: water 
absorption and thickness swelling behaviours. BioResources, 6(2), I 043-1052. 

Khalili, S., Farsani, R. E., & Rafiezadeh, S. (2011). An experimental study on the 
behavior of PP/EPDMIJUTE composites in impact, tensile and bending 
loadings. J Journal of Reinforced Plastics Composites, 30(16), 1341-134 7. 

Khan, G. A., Terano, M., Gafur, M., & Alam, M.S. (2016). Studies on the mechanical 
properties of woven jute fabric reinforced poly (!-lactic acid) composites. 
Journal of King Saud University-Engineering Sciences, 28( I), 69-74. 

Khan, G. M.A., Terano, M., Gafur, M.A., & Alam, M.S. (2016). Studies on the 
mechanical properties of woven jute fabric reiriforced poly(l-lactic acid) 
composites. 

Khashaba, U., & Seif, M. (2006). Effect of different loading conditions on the 
mechanical behavior of [0/±45/90] s woven composites. Composite Structures, 
74(4), 440-448. 

Kipriotis, E., Heping, X., Vafeiadakis, T., Kiprioti, M., & Alexopoulou, E. (2015). 
Ramie and kenaf as feed crops. Industrial Crops and Products, 68, 126-130. 
doi: 10.1016/j.indcrop.2014.10.002 

Korkees, F., Alston, S., & Arnold, C. (2018). Directional diffusion of moisture into 
unidirectional carbon fiber/epoxy Composites: Experiments and modeling. 
Polymer Composites, 39(S4), E2305-E2315. 

Kozlowski, R., Baraniecki, P., & Barriga-Bedoya, J. (2005). Bast fibres (flax, hemp, 
jute, ramie, kenaf, abaca). Biodegradable and sustainable fibres, 36-88. 

Krishanu, C., Satya, P., Gawande, S. P., & Mukesh, K. (2014). Ramie: The Strongest 
Bast Fibre of Nature Ramie : The Strongest Bast Fibre of Nature. (May). 
doi: I 0.13140/2.1.3519.5842 

Krishna, S. G. (2014). Study on Effect of Thickness and Fibre Orientation on a Tensile 
and Flexural Properties of a Hybrid Composite. International Journal of 
Engineering Research and Applications, 4(8), 5 6-66. 

Kumar, K. V., Reddy, P.R., & Shankar, D. V. R. (2013). Effect of Angle Ply 
Orientation On Tensile Properties OfBi Directional Woven Fabric Glass Epoxy 

218 



Composite Laminate. International Journal of Computational Engineering 
Research, 03(1 0), 55-61. 

Kumar, M.S., Krishna, S., & Rajanna, S. (2014). Study on effect of thickness and fibre 
orientation on a tensile and flexural properties of a hybrid composite. 
International Journal of Engineering Research and Applications, 4(8), 56-66. 

Lande!, R. F., & Nielsen, L. E. ( !993). Mechanical properties of polymers and 
composites: CRC press. 

Laurenzi, S., & Marchetti, M. (20 12). Advanced Composite Materials by Resin 
Transfer Molding for Aerospace Applications. Composites and Their 
Properties, !97-226. doi: I 0.5772/2816 

Li, Y ., Xie, L., & Ma, H. (20 15). Permeability and mechanical properties of plant fiber 
reinforced hybrid composites. Materials & Design, 86, 313-320. 
doi: I 0.! 0 16/j.matdes.20 !5.06.164 

Lippmann, M. (1990). Effects of fiber characteristics on lung deposition, retention, and 
disease. Environmental Health Perspectives, 88, 311-317. 
doi: I 0.!289/ehp.9088311 

Little, J., Yuan, X., & Jones, M. (2009). Voids characterisation in carbon fibre/epoxy 
composite laminates. Paper presented at the 18th International conference on 
composite materials, Edinburgh, Scotland. 

Liu, L., Yu, J., Cheng, L., & Qu, W. (2009). Mechanical properties ofpoly(butylene 
succinate) (PBS) biocomposites reinforced with surface modified jute fibre. 
Composites Part A: Applied Science and Manufacturing, 40(5), 669-674. 
doi:https://doi.org/1 0.10 16/j.compositesa.2009.03.002 

Liu, Q., & Hughes, M. (2008). The fracture behaviour and toughness of woven flax 
fibre reinforced epoxy composites. Composites Part A: Applied Science and 
Manufacturing, 39( I 0), 1644-1652. doi: I 0.10 l6/j.compositesa.2008.07 .008 

Liu, X., & Chen, F. (2016). A review of void formation and its effects on the 
mechanical performance of carbon fiber reinforced plastic. Engineering 
Transactions, 64(1), 33-51. 

M, N., G.C, K. M., & Pitchaimani, J. Evaluation of Free Vibrational and Mechanical 
Properties of Natural Fibre-Reinforced Hybrid (Sisal I jute) Polyvinyl Alcohol 
Composites Paper presented at the Polymers !CPC 2014 at National Institute of 
Technology Kamataka Surathkal, Surathkal, Mangalore. 

Ma, H., Li, Y., Shen, Y., Xie, L., & Wang, D. (2016). Effect of linear density and yam 
structure on the mechanical properties of ramie fiber yam reinforced 
composites. Composites Part A: Applied Science and Manufacturing, 87, 98-
108. doi: 10.1016/j.compositesa.2016.04.012 

219 



Ma, H., Li, Y., & Wang, D. (2014). Investigations of fiber twist on the mechanical 
properties of sisal fiber yarns and their composites. Journal of Reinforced 
Plastics and Composites, 33(7), 687-696. doi: 10.1177/0731684413520187 

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

Mansor, M., Sapuan, S., Salim, M., Akop, M., & Tahir, M. (2014). Modeling ofkenaf 
reinforced sugar palm starch biocomposites mechanical behaviour using Halpin
Tsai model. Recent Advances in Environment, Ecosystems and Development, 
94-99. 

Maqsood, M., Hussain, T., Nawab, Y., Shaker, K., & Umair, M. (2014). Prediction of 
Warp and Weft Yarn Crimp in Cotton Woven Fabrics. The Journal of The 
Textile Institute, 106(1 /)(November), 1180-1189. 
doi: I 0.1080/00405000.2014.981041 

Marsyahyo, E., Astuti, S., & Ruwana, I. (2010). Mechanical Improvement of Ramie 
Woven Reinforced-Starch Based Biocomposite Using Biosizing Method. In 
Advances in Composite A4aterials-Analysis of Natural and Man-1Vfade 
Materials.(2007). 

Martin, N., Davies, P., & Baley, C. (2016). Evaluation of the potential of three non
woven flax fiber reinforcements: Spunlaced, needlepunched and paper process 
mats. Industrial Crops and Products, 83, 194-205. 
doi: I 0.10 16/j .indcrop.20 15.10.008 

Martin, N., Mouret, N., Davies, P., & Baley, C. (2013). Influence of the degree of 
retting of flax fibers on the tensile properties of single fibers and short 
fiber/polypropylene composites. Industrial Crops and Products, 49,755-767. 
doi: 10.1 016/j.indcrop.2013.06.0 12 

Mas linda, A., Majid, M. A., Ridzuan, M., Afendi, M., & Gibson, A. (20 17). Effect of 
water absorption on the mechanical properties of hybrid interwoven cellulosic
cellulosic fibre reinforced epoxy composites. Composite Structures, 167, 227-
237. 

Mas linda, A., Majid, M. A., Ridzuan, M., & Syayuthi, A. A. (20 17). Water absorption 
behaviour of hybrid interwoven cellulosic fibre composites. Paper presented at 
the Journal of Physics: Conference Series. 

Md. Tahir, P., Ahmed, A. B., Saifu!Azry, S. 0. A., & Ahmed, Z. (2011). Retting 
process of some bast plant fibres and its effect on fibre quality: A review. 
BioResources, 6( 4), 5260-5281. doi: I 0.15376/biores.6.4.5260-5281 

Meenalochani, K., & Reddy, B. (20 17). A review on water absorption behavior and its 
effect on mechanical properties of natural fibre reinforced composites. Int. J. 
Innovat. Res. Adv. Eng, 4, 143-147. 

Mihailovic, T. V. (2004). Some important characteristics of woven fabrics (Vol. 52). 

220 



Mina, J. H., Gonzalez, A. V., & Munoz-Velez, M. F. (2020). Micro-and 
Macromechanical Properties of a Composite with a Ternary PLA-PCL-TPS 
Matrix Reinforced with Short Fique Fibers. Polymers, 12(1), 58. 

Mishra, V., & Biswas, S. (2013). Physical and mechanical properties of bi-directional 
jute fiber epoxy composites. Procedia Engineering, 51(NUiCONE 2012), 561-
566. doi: 1 0.1016/j.proeng.2013.01.079 

Misnon, M. 1., Islam, M. M., Epaarachchi, J., & Lau, K. T. (2014). Analyses of woven 
hemp fabric characteristics for composite reinforcement (Vol. 66). 

Misnon, M.l., Islam, M. M., Epaarachchi, J. A., Wang, H., & Lau, K.-t. (2016). Woven 
hemp fabric reinforced vinyl ester composite: effect of water absorption on the 
mechanical properties degradation. International Journal of Advances in 
Science, Engineering and Technology, 4(3), 96-101. 

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

Mukhopadhyay, S. (2014). Natural and synthetic fibres for composite nonwovens (Vol. 
20): Woodhead Publishing Limited. 

Munde, Y. S., & Ingle, R. B. (2015). Theoretical modeling and experimental 
verification of mechanical properties of natural fiber reinforced thermoplastics. 
Procedia Technology, 19, 320-326. 

Munikenche Gowda, T., Naidu, A. C. B., & Chhaya, R. (1999). Some mechanical 
properties of untreated jute fabric-reinforced polyester composites. Composites 
Part A: Applied Science and Manufacturing, 30(3), 277-284. 
doi: 1 0.1016/S 1359-835X(98)00157-2 

Munoz, E., & Garda-Manrique, J. A. (2015). Water absorption behaviour and its effect 
on the mechanical properties of flax fibre reinforced bioepoxy composites. 
International Journal of Polymer Science, 2015. 

Nadlene, R., Sapuan, S., Jawaid, M., Ishak, M., & Yusriah, L. (2016). A review on 
roselle fiber and its composites. Journal of Natural Fibers, 13(1 ), I 0-41. 

Naveen, J., & Satheeshkumar, S. (2014). Hybrid fiber reinforced polymer composites
a review. Journal of Reinforced Plastics and Composites, 33(5), 454-471. 
doi: I 0.1177/0731684413516393 

Nguyen, H., Zatar, W., & Mutsuyoshi, H. (2017). Mechanical properties of hybrid 
polymer composite. In Hybrid Polymer Composite Materials (pp. 83-113): 
Elsevier. 

221 



Osoka, E., & Onukwuli, 0. (2018). A Modified Halpin-Tsai Model for Estimating the 
Modulus of Natural Fiber Reinforced Composites. Int. J. Eng. Sci. Invent, 7(5), 
63-70. 

Paiva Junior, C.Z., De Carvalho, L. H., Fonseca, V. M., Monteiro, S. N., & D'Almeida, 
J. R. M. (2004). Analysis of the tensile strength of polyester/hybrid ramie-cotton 
fabric composites. Polymer Testing, 23(2), 131-135. doi: 10.1 016/SOI42-
9418(03)00071-0 

Pegoretti, A., Fabbri, E., Migliaresi, C., & Pilati, F. (2004). lntraply and interply hybrid 
composites based onE-glass and poly(vinyl alcohol) woven fabrics: Tensile and 
impact properties. Polymer International, 53(9), 1290-1297. 
doi: I 0.1 002/pi.l514 

Penjumras, P., Rahman, R. A., Talib, R. A., & Abdan, K. (2015). Mechanical properties 
and water absorption behaviour of durian rind cellulose reinforced poly (lactic 
acid) biocomposites. International Journal on Advanced Science, Engineering 
Information Technology, 5(5), 343-349. 

Phuong, V. T., & Lazzeri, A. (2012). "Green" biocomposites based on cellulose 
diacetate and regenerated cellulose microfibers: Effect of plasticizer content on 
morphology and mechanical properties. Composites Part A: Applied Science 
and Manufacturing, 43(12), 2256-2268. 

Pozzi, A., & Sepe, R. (20 12). Mechanical properties of woven natural fiber reinforced 
composites. Paper presented at the Proceeding of ECCM-15 Conference. Italy. 

Prasad, B. D., Reddy, G. K., & Yadav, A. A. (2014). Mechanical Properties of 
Composite Material Reinforced by Jute and E-Glass Fibers. International 
Journal of Emerging Engineering Research and Technology, 2(5), 135-138. 

Rachchh, N. V., Ujeniya, P. S., & Misra, R. K. (2014). Mechanical Characterisation of 
Rattan Fibre Polyester Composite. Procedia Materials Science, 6, 1396-1404. 
doi: I 0.10 16/j.mspro.20 14.07.119 

Rafiquzzaman, M., Islam, M. M., Rahman, M. H., Talukdar, M. S., & Hasan, M. N. 
(20 15). Mechanical property evaluation of glass-jute fiber reinforced epoxy 
polymer composites. International Journal of Applied Engineering Research, 
10(3), 6951-6962. doi: I 0.1 002/pat.3798 

Ragab, A., Fouda, A., El-Deeb, H., & Abou-Taleb, H. (2017). Determination of pore 
size, porosity and pore size distribution of woven structures by image analysis 
techniques. J Text Sci Eng, 7, 1-9. 

Rajesh, M., & Pitchaimani, J. (2017). Mechanical and dynamic mechanical behaviour 
of novel glass-natural fibre intra-ply woven polyester composites. Sadhana -
Academy Proceedings in Engineering Sciences, 42(7), 1215-1223. 
doi: I 0.1 007/s 12046-0 17-0676-y 

222 



Rajulu, A. V., Chary, K. N., Reddy, G. R., Meng, Y. J. J. o. R. P., & Composites. 
(2004). Void content, density and weight reduction studies on short bamboo 
fiber-epoxy composites. 23(2), 127-130. 

Rajulu, A. V., Devi, L. G., Rao, G. B., & Reddy, R. L. (2003). Chemical resistance and 
tensile properties of epoxy/unsaturated polyester blend coated bamboo fibers. 
Journal of Reinforced Plastics and Composites, 22(11), I 029-1034. 
doi:IO.II77/073168403024571 

Ramasamy, M., Lakshmi Narasimhan, R., & Harish, A. (2018). Effect of Fiber 
Orientation on Effective Stacking Sequence of Glass/Carbon Hybrid Composite 
Laminates for Structural Applications. 

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. doi: I 0.1 016/j.compositesb.2012.12.004 

Rathnakar, G., & Shivanand, H. (2013). Fiber Orientation and its Influence on the 
Flexural Strength of Glass Fiber and Graphite Fiber reinforced Polymer 
Composite. International Journal of Innovative Research in Science, 
Engineering and Technology, 2(3), 548-552. 

Retnam, B.S. J., Sivapragash, M., & Pradeep, P. (2014). Effects of fibre orientation on 
mechanical properties of hybrid bamboo/glass fibre polymer composites. 
Bulletin of Materials Science, 3 7(5), I 059-1064. 

Rubio-L6pez, A., Olmedo, A., Diaz-Alvarez, A., & Santiuste, C. (20 15). Manufacture 
of compression moulded PLA based biocomposites: A parametric study. 
Composite Structures, I3I, 995-1000. doi:IO.IOI6/j.compstruct.2015.06.066 

Saba, N., Paridah, M. T., & Jawaid, M. (2015). Mechanical properties ofkenaffibre 
reinforced polymer composite: A review. Construction and Building Materials, 
76, 87-96. doi:IO.IOI6/j.conbuildmat.2014.11.043 

Sandeep, M., Chaudhary, D., Jnamdar, M. N., & Rahaman, M. Q. (2014). Experimental 
study of effect of fiber orientation on the flexural strength of glass/epoxy 
composite material. International Journal of Research in Engineering and 
Technology, 3(9), 208-20 II. 

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), 2959-2967. 
doi: I 0.10 16/j .matpr.20 15.07.264 

Santulli, C., Sarasini, F., Tirillo, J., Valente, T., Valente, M., Caruso, A. P., ... Minak, 
G. (2013). Mechanical behaviour of jute cloth/wool felts hybrid laminates. 
Materials and Design, 50, 309-321. doi: I 0.10 16/j .matdes.20 13.02.079 

223 



Sarasini, F., Tirillo, J., Valente, M., Ferrante, L., Cioffi, S., lannace, S., & Sorrentino, 
L. (20 13). Hybrid composites based on aramid and basalt woven fabrics: Impact 
damage modes and residual flexural properties. Materials and Design, 49, 290-
302. doi: 10.1016/j.matdes.2013.01.010 

Sature, P., & Mache, A. (2015). Mechanical characterization and water absorption 
studies on jute/hemp reinforced hybrid composites. Am J Mater Sci, 5, 133-139. 

Scalici, T., Fiore, V., & Valenza, A. (2016). Effect of plasma treatment on the 
properties of Arundo Donax L. leaf fibres and its bio-based epoxy composites: 
A preliminary study. Composites Part B: Engineering, 94, 167-175. 
doi: I 0.1 016/j.compositesb.2016.03.053 

Seki, Y. (2009). Innovative multifunctional siloxane treatment of jute fiber surface and 
its effect on the mechanical properties of jute/thermoset composites. Materials 
Science and Engineering A. 508(1-2), 247-252. doi: I 0.1016/j.msea.2009.0 1.043 

Sen, T., & Reddy, H. N.J. (2011). Various Industrial Applications of Hemp, Kinaf, 
Flax and Ramie Natural Fibres. International Journal of Innovation, 
Management and Technology, 2(3), 192-198. 
doi:http://dx.doi.org/1 0.7763/!JIMT.2011.V2.130 

Sevkat, E., & Brahimi, M. (20 II). The bearing strength of pin loaded woven 
composites manufactured by vacuum assisted resin transfer moulding and hand 
lay-up techniques. Procedia Engineering, 10, 153-158. 
doi: I 0.10 16/j.proeng.20 11.04.028 

Shah, D. U., Schubel, P. J., & Clifford, M. J. (2013). Modelling the effect of yam twist 
on the tensile strength of unidirectional plant fibre yam composites. Journal of 
Composite Materials, 47(4), 425-436. doi:Doi 10.1177/0021998312440737 

Shakeri, A., & Ghasemian, A. J. A. C. M. (2010). Water absorption and thickness 
swelling behavior of polypropylene reinforced with hybrid recycled newspaper 
and glass fiber. Applied Composite Materials, 17(2), 183-193. 

Shibata, S., Cao, Y ., & Fukumoto, l. (2005). Press forming of short natural fiber
reinforced biodegradable resin: Effects of fiber volume and length on flexural 
properties. Polymer Testing, 24(8), I 005-10 II. 
doi: I 0.10 16/j.polymertesting.2005.07 .012 

Shinde, S., & Salve, A. V. (2015). Experimental Evaluation of Tensile Strength and 
Young's Modulus of Woven Jute fiber and Polyurethane Composite. 
International Journal of Engineering Research and General Science, 5013(4), 
446-449. 

Shinde, S. S., Salve, A., & Kulkarni, S. (2017). Theoretical modeling of mechanical 
properties of woven jute fiber reinforced polyurethanecomposites. Materials 
Today: Proceedings, 4(2), 1683-1690. 

224 



Siddika, A., Akter, N. N., Saha, K., Islam, M., & Islam, M. M. (2015). Effects of Yarn 
Count on Crimp% and Take-Up% of2/l (S) Twill Woven Fabric. Global 
Journal of Research In Engineering, 15( 6). 

Sikarwar, R. S., Velmurugan, R., & Gupta, N. (20 14). Influence of fiber orientation and 
thickness on the response of glass/epoxy composites subjected to impact 
loading. Composites Part B: Engineering, 60, 627-636. 

Singh, T. J ., & Samanta, S. (20 17). Effect of stacking sequence on mechanical strength 
ofbambooiKevlar K29 inter-ply laminated hybrid composite. 

Srivathsan, A., Vijayaram, B., & Ramesh, R. (2017). Investigation on mechanical 
behavior of woven fabric glass/Kevlar Hybrid composite laminates made of 
varying fibre inplane orientation and stacking sequence. Materials Today: 
Proceedings, 4(8), 8928-8937. 

Stocchi, A., Lauke, B., Vazquez, A. a., & Bernal, C. (2007). A novel fiber treatment 
applied to woven jute fabric/vinylester laminates. Composites Part A: Applied 
Science and Manufacturing, 38(5), 1337-1343. 
doi: l 0.1016/j.compositesa.2006.10.010 

Sutharson, B., Rajendran, M., Devadasan, S. R., & Selvam, B. (20 12). Effect of 
chemical treatments on mechanical properties of jute fiber hybrid composite 
laminates. Journal of Engineering and Applied Sciences, 7(6), 760-765. 

Taj, S., Munawar, M.A., & Khan, S. (2007). Natural fiber-reinforced polymer 
composites. Proceedings-Pakistan Academy of Sciences, 44(2), 129. 

Taktak, R., Guermazi, N., & Kallel, T. K. (20 l n Effect of E-Glass fibre and ply 
orientation on the mechanical behaviour of FRP composites used for pressure 
pipe. The International Journal ofAdvanced l\Ianufacturing Technology, 92(5-
8), 1741-1749. 

Tarabi, N., Mousazadeh, H., Jafari, A., & Taghizadeh-Tameh, J. (2016). Evaluation of 
properties of bast fiber extracted from Calotropis (Millkweed) by a new 
decorticator machine and manual methods. Industrial Crops and Products, 83, 
545-550. doi: 1 0.1016/j.indcrop.2015.12.071 

Thakur, V. K., & Thakur, M. K. (2014). Processing and characterization of natural 
cellulose fibers/thermoset polymer composites. Carbohydrate Polymers, 109, 
102-117. doi:l0.1016/j.carbpo1.2014.03.039 

Tham, M. W., Fazita, M. N., Abdul Khalil, H., Mahmud Zuhudi, N. Z., Jaafar, M., 
Rizal, S., & Haafiz, M. M. (2019). Tensile properties prediction of natural fibre 
composites using rule of mixtures: A review. Journal of Reinforced Plastics and 
Composites, 38(5), 211-248. 

Thandayuthapani, S., Paramananthan, B., & Kannan, R. (20 17). The study on the 
effects of mechanical properties on thickness and orientation woven e-

225 



glass/epoxy laminate composite. International Journal of Mechanical and 
Production Engineering, 5(4), 105-109. 

Tofas, I. D., Vatansever, 0., & Durgun, I. (20 15). Producing carbon fiber parts with 
vacuum bagging process. Paper presented at the Ege Composite Materials 
Symposium, Izmir, Turkey. 

Tomasic, D., Ilincic, P., & Pilipovic, A. (2016). Influence oflayers lay-up on the 
mechanical properties of hybrid composites in field of aeronautics. Polimeri: 
casopis za plastiku i gumu, 36( 1-2), 5-l 0. 

Tye, Y. Y., Lee, K. T., Wan Abdullah, W. N., & Leh, C. P. (2016). The world 
availability of non-wood lignocellulosic biomass for the production of cellulosic 
ethanol and potential pretreatments for the enhancement of enzymatic 
saccharification. Renewable and Sustainable Energy Reviews, 60, 155-172. 
doi: I 0.10 16/j.rser.20 16.01.072 

Venkateshwaran, N., & ElayaPerumal, A. (2011). Modeling and evaluation of tensile 
properties of randomly oriented banana/epoxy composite. Journal of Reinforced 
Plastics and Composites, 30(23), 1957-1967. 

Venkateshwaran, N ., & ElayaPerumal, A. (20 12). Mechanical and water absorption 
properties of woven jute/banana hybrid composites. Fibers and Polymers, 13(7), 
907-914. doi: I 0.1007 /s 12221-012-0907-0 

Venkateshwaran, N., Elayaperumal, A., & Sathiya, G. K. (2012). Prediction of tensile 
properties of hybrid-natural fiber composites. Composites Part B: Engineering, 
43(2), 793-796. doi: I 0.1 016/j .compositesb.2011.08.023 

Vijaya Ramnath, B., Manickavasagam, V. M., Elanchezhian, C., Vinodh Krishna, C., 
Karthik, S., & Saravanan, K. (2014). Determination of mechanical properties of 
intra-layer abaca-jute-glass fiber reinforced composite. Materials & Design, 60, 
643-652. doi: 10.10 16/j .matdes.2014.03.061 

Wang, G., Chen, F. M., Cheng, H. T., Yu, Z. X., Jiang, Z. H., Chen, X. M., & Zhang, 
W. F. (2011). Mechanical Properties of Ramie Fiber Woven Composites under 
Biaxial Tensile Loadings. Advanced Materials Research, 331, 65-68. 
doi: I 0.4028/www.scientific.net/ AMR.331.65 

Wang, H., Sun, Y., Wang, J., Guan, Y., Zheng, S., & Sun, M. (1999). Exploring of a 
new natural fiber composite-ramie fabric/UP composite. J ICCM. 

Wang, H. A. 0., & Lau, K.-t. (2016). Woven hemp fabric reinforced vinyl ester 
composite: effect of water absorption on the mechanical. International Journal 
of Advances in Science, Engineering and Technology, 4.3(May), 96-10 I. 

Wang, H. M., Sun, Y. Q., Wang, J. B., Guan, Y. T., Zheng, S. R., & Sun, M. L. 
Exploring of a New Natural Fiber Composite D Ramie Fabric I UP Composite. 

226 



Wang, X., Liu, X., & Deakin, C. H. (2008). Physical and mechanical testing of textiles. 
In Fabric testing (pp. 90-124): Elsevier. 

Wiley, J. (1971). Effect of Crimp on the Tensile and Compressive Properties. Journal 
of Applied Polymer Science, 15(!), 1539-1544. 

Wise, L. E., Murphy, M., & D Adieco, A. (1946). A chlorite holocellulose, its 
fractionation and bearing on summative wood analysis and studies on the 
hemicelluloses. Paper Trade Journal, 122(2), 35-43. 

Wu, J., & Pan, N. (2005). Grab and strip tensile strengths for woven fabrics: An 
experimental verification. Textile Research Journal, 75(11), 789-796. 

Yahaya, R., Sapuan, S.M., Jawaid, M., Leman, Z., & Zainudin, E. S. (2015a). Effect of 
layering sequence and chemical treatment on the mechanical properties of 
woven kenaf-aramid hybrid laminated composites. Materials and Design, 67, 
173-179. doi: I 0.10 16/j .matdes.20 14.11.024 

Yahaya, R., Sapuan, S.M., Jawaid, M., Leman, Z., & Zainudin, E. S. (2015b). Effect of 
Moisture Absorption on Mechanical Properties of Natural Fibre Hybrid 
Composite. Paper presented at the 13Th International Conference on 
Environment, Ecosystems, and Development (EED '15), Kuala Lumpur, 
Malaysia. 

Yahaya, R., Sapuan, S.M., Jawaid, M., Leman, Z., & Zainudin, E. S. (2016). 
Measurement of ballistic impact properties of woven kenaf-aramid hybrid 
composites. Measurement, 77, 335-343. 
doi: I 0.10 16/j.measurement.2015.09.016 

Yallew, T. B., Kumar, P., & Singh, I. (2014). Sliding wear properties of jute fabric 
reinforced polypropylene composites. Procedia Engineering, 97, 402-411. 
doi: 10.1 016/j.proeng.2014.12.264 

Yan, L., Chouw, N., Huang, L., & Kasal, B. (2016). Effect of alkali treatment on 
microstructure and mechanical properties of coir fibres, coir fibre reinforced
polymer composites and reinforced-cementitious composites. Construction and 
Building Materials, 112, 168-182. doi: I 0.10 16/j.conbuildmat.20 16.02.182 

Yan, L., Kasal, B., & Huang, L. (2016). A review of recent research on the use of 
cellulosic fibres, their fibre fabric reinforced cementitious, geo-polymer and 
polymer composites in civil engineering. Composites Part B: Engineering, 92, 
94-132. 

Yang, B., Zhou, M., Shu, W. S., Lan, C. Y., Ye, Z. H., Qiu, R. L., ... Wong, M. H. 
(20 I 0). Constitutional tolerance to heavy metals of a fiber crop, ramie 
(Boehmeria nivea), and its potential usage. Environmental Pollution, I 58(2), 
551-558. doi:l 0.1 016/j.envpol.2009.08.043 

227 



Yang, K., Ritchie, R. 0., Gu, Y., Wu, S. J., Guan, J., Jun, S., & Guan, J. (2016). High 
volume-fraction silk fabric reinforcements can improve the key mechanical 
properties of epoxy resin composites. Materials and Design, I 08, 4 70-4 78. 
doi: I 0.10 16/j .matdes.20 16.06.128 

Yong, C. K., Ching, Y. C., Chuah, C. H., & Liou, N.-S. J. B. (2015). Effect of fiber 
orientation on mechanical properties of kenaf-reinforced polymer composite. 
10(2), 2597-2608. 

You, Y.-J., Kim, J.-H. J., Park, K.-T., Seo, 0.-W., & Lee, T.-H. (2017). Modification of 
rule of mixtures for tensile strength estimation of circular GFRP rebars. 
Polymers, 9(12), 682. 

Yukseloglu, S.M., & Yoney, H. (2016). The Mechanical Properties of Flax Fibre 
Reinforced Composites. In Natural Fibres: Advances in Science and 
Technology Towards Industrial Applications (pp. 255-266): Springer. 

Zhou, N., Yao, L., Liang, Y., Yu, B., Ye, M., Shan, Z., & Qiu, Y. (2013). Improvement 
of mechanical properties of ramie/poly (lactic acid) (PLA) laminated composites 
using a cyclic load pre-treatment method. Industrial Crops and Products, 45, 
94-99. doi: I 0.10 16/j.indcrop.20 12.12.014 

Zhuang, W., & Ao, W. (2018). Effect of stacking angles on mechanical properties and 
damage propagation of plain woven carbon fiber laminates. Materials Research 
Express, 5(3), 035603. 

228 




