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ABSTRACT 
 

Aims: To study the effects of fabric patterns on the properties of cotton fabric/unsaturated 
polyester composites made from coarse plied yarns. 
Place and Duration of Study: Department of Textile Science and Technology, Ahmadu Bello 
University, Zaria, Nigeria, between January to December, 2014. 
Methodology:  Four different coarse yarns of known count were plied to obtain a single strand 
which was woven (plain and twill) and knitted into fabrics of different patterns. The fabrics were 
coated with unsaturated polyester resin as matrix, applying both single and two layers of fabrics to 
form laminate configurations using hand layup. The tensile properties of the fabrics, tensile 
properties, flexural properties, impact strength and hardness of the textile composites were studied.  
Results:  The plying and fabrication conferred significant reinforcement on the composites for the 
different mechanical properties tested. The tensile strengths of the plain, twill and knitted fabrics 
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were 13.67MPa, 13.14MPa and 4.55MPa respectively. The knitted fabric recorded the highest 
breaking elongation of 82.1%. The tensile and flexural strengths of the composites were improved 
by 75-81% with respect to the neat polyester resin. Composites with twill fabrics gave the best 
tensile and flexural strengths of 18.5MPa and 62.32MPa with flexural modulus of 4.43GPa, closely 
followed by plain (3.35GPa) and knitted (3.23GPa) fabric composites. The impact test showed that 
the knitted composites absorbed more energy than the twill and plain fabric composites in that 
order. Increase in fabric layers also led to increases in the mechanical properties tested, but the 
increases were not geometrical. SEM images showed that the morphologies of the fractured 
surfaces were in line with the yarn orientations in the fabric cross-section with reduced fiber pull 
out.  
Conclusion:  It’s concluded that cotton fabrics made from coarse plied yarns can be used as 
reinforcements in textile composites. 
 

 
Keywords: Fabrics; mechanical properties; plied yarn; scanning electron microscopy; textile 

composites. 
 
1. INTRODUCTION 
 
The attractiveness of natural fiber-reinforced 
composites in research areas are due to the non-
recyclability, high density and the health hazards 
of composites reinforced with fibers such as 
glass, carbon and aramids [1,2] and their 
disposals [3]. The use of cotton fibers in 
unidirectional continuous or discontinuous form 
or randomly oriented, have always posed the 
problem of low mechanical properties and pull-
out of fibers. Researches on textile technologies 
such as weaving, knitting and braiding have led 
to the formation of textile composites with higher 
mechanical properties, as continuous orientation 
of fibers is not restricted at any point [4]. When 
comparing all reinforcement forms, utilization of 
traditional high-performance reinforcements is 
preferred in fabric form rather than fiber and yarn 
[5]. Fabric is easier to handle and could maintain 
its dimensional stability during the composite 
fabrication in comparison to the other forms. 
Works on fabric composites include: woven 
banana [6], Jute fabrics [7], Hemp fabrics [8], 
Sisal fabrics [9], and Flax fabric [10]. Cotton 
fibers grow in balls, around the seeds. It is one of 
the most common agro-based fibers that have 
enormous potential in composite manufacture 
due to its cost-effectiveness and renewability. It 
is also versatile, nonabrasive, biodegradable and 
compostable with good insulating properties. 
Several investigations on cotton fibers and 
fabrics have been reported [11-17]. Plied yarns 
were found to induce normal forces between 
fibers and this increases inter-fiber friction 
leading to improved strength of the resultant 
yarn. Magdi et al. [18] when plying 90/1 Ne 
compact combed yarn, found that good yarn 
quality at 16% noil percentage can be obtained, 

which may be due to the fact that twisting two 
yarns together improves their tensile strength, 
elongation and regularity. Whatever be the fiber 
material, fiber pattern has been found to 
influence the composite properties based on the 
morphological and structural parameters [19]. 
This study is aimed at assessing the mechanical 
properties of cotton fabrics of different weave 
pattern, made from thick plied yarns and their 
use in composite reinforcement as low cost 
building materials and partition panels. Very few 
studies on the cotton-fabric coated thermosetting 
composites have been reported so far. Woven 
and knitted cotton fabrics made from plied yarns 
and their use as reinforcements for unsaturated 
polyester resin, to the best of the authors’ 
knowledge, are yet to be reported. 
 
2. MATERIALS AND METHODS 
 
2.1 Materials 
 
The 100% cotton yarns of 2.5 Neβ (4ply) used 
for the study were made by Zaria Industries 
Limited, Kaduna Nigeria. NYCIL Nig. Ltd, Ikeja 
Lagos supplied the polyester resin used with 
Methyl Ethyl Ketone Peroxide (MEKP) as the 
catalyst. The yarn parameters are shown in 
Table 1. 
 
2.2 Fabric Production 
 
The plain and twill fabrics were woven at the 
Department of Industrial Design, Ahmadu Bello 
University, Zaria using the AD-A-HARNESS loom 
(model B4 D). The knitted fabrics were produced 
on flatbed weft knitting machine using the 
adequate tension that corresponds to the 
required density of the woven fabrics. The 
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construction parameters for the woven and 
knitted fabric used are shown in Table 2. 
 
2.3 Composite Preparation 
 
The unsaturated polyester resin was mixed with 
the MEKP catalyst and naphthalene cobalt 
accelerator in the ratio 100:1:1. The composites 
were prepared by hand-layup. The fiber volume 
fractions for the composites with single and 
double layers of fabrics are 0.40 and 0.79 
respectively. Composites were obtained by 
impregnating the woven fabrics with the 
polyester matrix at room temperature of 27±2°C 
and relative humidity of 65% in a flat mold with 
dimensions 150 mm x 150 mm x 6 mm. Special 
care was taken to ensure that the correct amount 
of unsaturated polyester was used in addition to 
being evenly spread out. 
 
2.4 Preparation and Cutting of Composite 

Specimens 
 
The composite samples were cut into different 
shapes in accordance with standard 
specifications for various tests using a motorized 
jigsaw (model: GST 85 PBE). 
 
2.5 Testing 
 
2.5.1 Tensile properties of fabrics  
 
Tensile tests were carried out on the fabric 
samples (plain, twill and knitted) prior to 
composite fabrication using Instron Tensile 
Tester, model 1025. The mean breaking load 
and extension at break were determined using 
an average of five samples with dimensions of 
150 mm x 50 mm in accordance with ASTM 
D5035-11, carried out in the machine direction.  
 
2.5.2 Tensile and Flexural properties of 

composites  
 
Tensile tests and 3-point flexural tests were 
conducted with Instron 4204 Universal testing 
machine. Tensile tests were performed at a 

strain rate of 10mm per min and gauge length of 
150 mm according to ASTM D3039-08. Flexural 
testing was also carried out in accordance with 
ASTM D 790-08, at a crosshead speed of 
5mm/min and a span length of 60 mm. The 
dimensions of the specimens in each case were 
150 mm x 20 mm x 6 mm. An average of five 
samples was tested in each case. 
 
2.5.3 Impact properties  
 
Charpy impact test was performed in accordance 
to ASTM D256-10. Composites with different 
textile fabrics were subjected to low velocity 
impact (25 Joules) test on an instrumented 
impact tester with semi-spherical impactor 
(model SI-1C3). The machine consists of a 
suspended pendulum with a mass of 2.0 kg 
dropped at a velocity of 3.8 m/s using sample 
dimensions of 150 mm x 20 mm x 6 mm. At least 
five replicate specimens were tested and the 
results were presented as an average of tested 
specimens.  
 
2.5.4 Hardness  
 
Hardness Test was performed on the composite 
samples using Indentec of Type 8187.5 LKV 
Model B with 1/16″ Steel ball indenter and a 
major load of 60 kg. In accordance with ASTM 
D785-08 standard for composites, the specimens 
were prepared for Rockwell-B hardness test. The 
specimen size was 6 mm thickness, 25 mm width 
and a length of 25 mm. Averages of five samples 
were tested in each case. 
 
2.5.5 Scanning electron microscopy  
 
The morphologies of the fractured surfaces were 
observed by scanning electron microscope 
(SEM) at room temperature. A PHENOM ProX 
SEM with field emission gun and accelerating 
voltage of 15 KV was used to collect SEM 
images for the composite specimen. The 
samples were made conductive by coating with 
Os with the use of vacuum sputter coater and the 
fractured surfaces were viewed. 

 
Table 1. Yarn parameters 

 
Sample  Strength (N)  Count  

(Neß) 
Elongation  at 
break (%) 

Hairiness(H)  Evenness  
(%) 

Yarn 37.13 2.5 9.97 5.73 10.55 
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3. RESULTS AND DISCUSSION 
 
3.1 Fabric Production 
 
Photographs of the yarn used for the production 
of the fabrics as well as the obtained fabrics are 
shown in Fig. 1. These comprise of plied cotton 
yarn (a), weft knitted fabric (b), plain woven fabric 
(c) and twill woven fabric (d). 
 
3.1.1 Fabric parameters  
 
The parameters for the fabrics used are shown in 
Table 2. 
  

3.2 Tensile Properties of the Fabrics 
 
Fig. 2 shows that the plain fabric gave the 
highest tensile strength (13.67MPa) more than 
twill (13.14MPa) and knitted fabric (4.55MPa). 
This trend was reported by Nassif [20] whose 
work was on the mechanical properties of micro 
polyester woven fabrics and also by Malik et al. 
[21] who investigated the influence of plain and 
twill (3/1) weave designs on the tensile strength 
of PC blended fabrics. They found that plain 
fabric samples have considerable high tensile 
strength as compared to twill fabric samples at 
the same fabric properties. The superior strength 
of the plain weave over twill might be unexpected 
because of high crimp associated with plain 
fabrics which leads to lower mechanical 
properties as reported by Saiman et al. [22] who 
researched on the effect of fabric weave on 
tensile strength of woven kenaf reinforced 
unsaturated polyester composite. Campbell [23] 
reported that disadvantages of plain weave are 
the frequent exchanges of position from top to 
bottom made by each yarn. This waviness or 
yarn crimp reduces the strength and stiffness of 
the composite. However, it can be seen in Fig. 2 
that the difference in strength is not so significant 
and could have been as a result of the thickness 
of the twill fabric which is within permissible 
experimental error as shown in Fig. 2. The 

tensile strength of the knitted fabric was very 
poor compared to the other fabric samples 
tested. The elongation at break was highest for 
the knitted fabrics (82.1%) and least for the twill 
fabric (29.2%) as shown in Fig. 3. The 
interlocking loops on the knitted fabrics can be 
said to be responsible for the highest breaking 
elongation recorded among the three set of 
fabrics. The tensile strength of the fabrics was 
greatly improved when compared to the ones 
made from unplied yarns [24]. 
 

3.3 Tensile Properties of Composites 
 
The fabrics improved the tensile strength of the 
composites as compared to neat polyester by 40-
81% for the different patterns (Fig. 4). The tensile 
strength of the composites was found to be 
highest for those with twill fabric, followed by that 
of plain fabric and then the knitted fabrics. The 
relationship between strength and fabric layers 
appears to be linear; increasing the number of 
fabric plies from single to double brings about a 
corresponding increase in the mechanical 
properties of the laminates. 
 
The result here is similar to that of Song et al. [8] 
who showed that twill woven hemp fabric 
composites showed better mechanical strength, 
than plain woven hemp fabric composites and 
this is due to the structure of the twill fabrics, 
such as fewer interlacing and closer packing. 
 
The modulus of elasticity was highest for the 
plain fabric composites (1.15GPa), greater than 
twill (1.01GPa) and knitted (0.78GPa) 
composites (Fig. 5). A similar trend was reported 
by Pothan et al. [9] who conducted tensile and 
impact studies of woven sisal fabric-reinforced 
polyester composites prepared by RTM 
technique. In their study, both tensile and impact 
properties were found to be maximum for 
composites made with twill woven fabric in the 
study where fiber bundles were used in the weft 
direction.  

    

 
 

 

 

 

 
(a) Plied cotton yarn (b) Weft Knitted (c) Plain woven (d) Twill woven 

 
Fig. 1. Yarns and fabrics used for composite reinfo rcement 
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Fig. 2. Effects of fabric pattern on the tensile st rength of cotton fabrics 
 

 
 

Fig. 3. Effects of fabric pattern on the elongation  at break of the cotton fabrics 
 

Increasing the number of fabric plies to two 
(increase in volume of reinforcement) also led to 
increase in the tensile strength and moduli of the 
composites, though the increase was not 
geometric (Figs. 4 and 5). One would have 
expected the obtained strengths to double when 
the fabric layers were doubled, the increase was 
not doubled but with substantial improvement in 
tensile strength. 
 
3.4 Flexural Properties of Composites 
 
It can be seen in Fig. 6 that embedding cotton 
fabrics in polyester resin increased the flexural 
strength. For the single fabrics, there were 47%, 
32% and 20% increases in flexural strength for 
the twill, plain and knitted fabric composites 
respectively, with respect to the polyester matrix 
(35.56MPa). 

This behavior is attributed to the nature of the 
different patterns and the bonding of the fabric 
with the polyester matrix. Doubling the fabric 
layers also gave a significant increase in the 
flexural strength and modulus of the composites. 
Twill fabric composites gave the highest strength 
(95.21MPa) and modulus (5.81GPa) while 
knitted composites gave the least flexural 
strength (68.78MPa) and modulus (3.84GPa) as 
shown in Fig. 7. The high values are indication of 
the high resistance of the composite specimens 
to bending. It can finally be said that the 
relationship between strength and fabric layers 
appears to be linear; increasing the number of 
fabric plies brings an increase in the tensile and 
flexural properties of the laminates. This result is 
also similar to findings by Abounaim et al. [25] 
who produced 2D composites from knitted 
preforms and investigation showed that the 
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mechanical properties of 2D composites seemed 
to be greatly affected by different arrangements 
of yarns. 
 

3.5 Impact Strength 
 
Fig. 8 shows that the Charpy impact strength of 
the unsaturated polyester resin was improved by 
about 105% when the fabrics were coated with 
the resin. Single layer knitted fabric composites 
recorded the highest impact strength of 33.8 
kJ/m2. This is closely followed by the plain fabric 
(31.7 kJ/m2) and the twill fabric (30.8 kJ/m2) 
composites. 
 
The performance of knitted fabrics (52.9 kJ/m2) 
as compared to woven fabrics is better possibly 
due to the isotropic nature of the knitted fabrics 
which reduced the rate of crack propagation. The 
energy absorbed by the composites did not 
follow the same order as in the case of single 
fabric layer; the twill fabric composites were 
second best (46.7 kJ/m2) and this could be due 
to the fabric thickness as a result of the method 
of interlacing of the yarns in the fabric cross-
section (Table 1). It was observed that the 
combination of the fabric layers helped in 
decreasing the overall failure function, thus 
improving the impact damage resistance. This 
behavior is in line with the findings of Bannister 
and Herszberg [26] who reported that a higher 
percentage of impact energy in the range 0–10 
Joules is absorbed by a weft-knitted glass 
reinforced composite (Vf = 50%) than was 
absorbed by an equivalent woven fabric. Yahaya 
et al. [27] conducted Charpy’s impact test to 
analyze the effect of woven fiber layering 
sequence on the energy absorption capability of 
the hybrid composites. In terms of layering 
numbers, it was found that 4-layer hybrid 

laminates displayed a higher Charpy’s impact 
properties compared to 3-layer hybrid laminates. 
 
Based on the significant improvements in tensile 
strength (Fig. 4), flexural strength (Fig. 6) and 
impact strength (Fig. 8) it could be inferred that 
cotton fabrics of different pattern can adequately 
serve as reinforcements in polyester matrix 
composites. This is in contradiction to usual 
observation that cotton fibers in unidirectional, 
continuous, discontinuous or randomly oriented 
form have always posed the problem of low 
mechanical properties and pull out of fibers [5] 
thus, limiting the potential of cotton fibers as 
reinforcing filler. 
 

3.6 Rockwell Hardness Test 
 
The inclusion of the cotton fabrics improved the 
Rockwell hardness of the composites as 
compared to the polyester resin (20.6 HRF) by 
about 26-45% for both the single and double 
fabric laminates (Fig. 9). Composites with twill 
fabrics had the highest hardness with Rockwell 
number of 23.6 HRF and 26.6 HRF when 
reinforced with single and double layers 
respectively. The hardness of the knitted fabric 
composite was found to be minimal with a value 
of 21 HRF and 23 HRF for the single and double 
layers respectively. This is expected as cotton 
fibers have high modulus than UP and hence, 
confer high rigidity to the composites. Al-Mosawi 
[28] found that polymers have low hardness, an 
indication of the lowest value for araldite resin 
before reinforcement. But this hardness value 
greatly increased when the resin was reinforced 
by hybrid fibers, which decreased the penetration 
of the test ball to the surface of composite 
material and by consequence raised the 
hardness of the material. 
 

 
 

Fig. 4. Effect of fabric pattern on the tensile str ength of cotton fabric/UP composites 
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Fig. 5. Effect of fabric pattern on the tensile mod ulus of cotton fabric/UP composites 
 

 
 

Fig. 6. Effect of fabric pattern on the flexural st rength of cotton fabric/UP composites 
 

 
 

Fig. 7. Effect of fabric pattern on the flexural mo dulus of cotton fabric/UP composites 
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3.7 Morphology of Fractured Composites 
 
The SEM micrograph of the tensile fractured 
surfaces of the twill and plain fabric composites 
are shown Fig. 10. Fibers pull-out occur mainly 
due to the poor interfacial bonding at the 
interphase of the fiber and matrix, but, It can be 

seen that fiber pull out is not visible because of 
the weave pattern which predominated. There is 
a sort of fibrillation of the fibers in the fabric 
cross-section and surface failure is contributed 
by matrix brittle fracture (cracking) and fiber 
fracture as indicated in both micrographs. 

 

 
 

Fig. 8. Effect of fabric pattern on the impact stre ngth of cotton fabric/UP composites 
 

 
 

Fig. 9. Effects of fabric pattern on the hardness s trength of cotton fabric/UP composites 
 

Table 2. Fabric parameters  
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Fabric  
thickness 
(mm) 

*EPI *PPI Warp 
cover  
factor 

Weft 
cover 
factor 

Fabric cover  
factor 
 (%) 

Fabric weight  
(g/m2) 

Plain fabric 2.04 16 16 10.12 10.12 56.9 489 
Twill fabric 2.35 31 21 19.61 13.28 81.6 492 
  Stitch density      
Knitted fabric 2.35 12    490 

*EPI = Ends Per Inch; *PPI = Picks Per Inch 
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Fig. 10. SEM micrograph of the tensile fractured su rfaces (a) Twill woven fabric (b) Plain woven 

fabric 
 

4. CONCLUSION 
 
It was established that the weave type has great 
influence on the tensile properties of woven 
fabrics as shown by the two woven patterns 
(plain and twill) and the weft knitted fabric. The 
tensile properties of the knitted fabrics are poor 
in comparison with the other types of fabric used 
for reinforcement, but they have good energy 
absorbing characteristics on the composites. 
 
The resistance to bending was best for 
composites reinforced with twill fabric as they are 
stiffer than plain and knitted fabrics, both when 
singly and doubly reinforced. Improvement in 
hardness of the composites is not as significant 
as other mechanical properties tested. 
 
The relationship between strength and fabric 
layers appears to be linear; increasing the 
number of fabric plies brings about a 
corresponding increase in the mechanical 
properties of the laminates.  
 
The plying and fabrication of textile fabrics 
conferred significant reinforcement on the 
composites. This study thus, contributed 
significantly in resolving the problem of low 
mechanical properties and fiber pull out normally 
exhibited by cotton fiber composites. It has been 
demonstrated that cotton fabrics when made 
from plied yarn can function as reinforcement in 
textile composites. 
 
 

ACKNOWLEDGEMENTS 
 
The authors are grateful to the management of 
Zaria Industries Limited for the supply of the plied 
yarns used for this research work. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Corrales F, Vilaseca F, Llop, M, Girones J, 

Mendez JA, Mutje P. Chemical treatment 
of jute fibers for the production of green 
composites. J. Hazard. Mater. 2007; 
144(3):730-735. 

2. Herrera-Franco PJ, Valadez-Gonzalez A. 
A study of the mechanical properties of 
short natural-fiber-reinforced composites. 
Composites Part B. 2005;36(8):597–608. 

3. Bodros E, Pillin I, Montrelay N, Baley C. 
Could biopolymers reinforced by randomly 
scattered flax fiber be used in structural 
applications? Compos. Sci. Technol. 2007; 
67:462–70. 

4. Yan L, Sreekala MS, Jacob M. Textile 
composites based on natural fibers. 
School of Aerospace Engineering and 
Applied Mechanics, Key Laboratory of 
Advanced Civil Engineering Materials, 
Ministry of Education, Tongji University, 
Shanghai, 200092, P.R.China; 2002. 

a b 



 
 
 
 

Achukwu et al.; BJAST, 11(4): 1-11, 2015; Article no.BJAST.20006 
 
 

 
10 

 

5. Akovali G, Uyanik N. Introduction. In: 
Akovali G, editor. Handbook of composite 
fabrication. Shropshire (UK): Rapra 
Technology Limited; 2001. 

6. Sapuan SM, Leenie A, Harimi M, Beng YK. 
Mechanical properties of woven banana 
fiber-reinforced epoxy composites. Mater. 
Des. 2006;27(8):689–693. 

7. Behera AK, Avancha S, Basak RK, Sen R, 
Adhikari B. Fabrication and 
characterizations of biodegradable jute 
reinforced soy based green composites. 
Carbohydr. Polym. 2012;88:329–35. 

8. Song YS, Lee JT, Ji DS, Kim MW, Lee SH, 
Youn JR. Viscoelastic and thermal 
behavior of woven hemp fiber-reinforced 
poly(lactic acid) composites. Compos. B 
Eng. 2012;43:856–60. 

9. Pothan LA, Thomas S, Li RKY, Mai YW. 
Tensile and impact properties of sisal 
fabric-reinforced polyester composites 
prepared by RTM technique, In 
Proceedings of International Conference 
on Textile Composites, IIT Delhi, February; 
2002. 

10. Wambua P, Vangrimde B, Lomov S, 
Verpoest I. The response of natural fiber 
composites to ballistic impact by fragment 
simulating projectiles. Compos. Struct. 
2007;77(2):232-240. 

11. Junior CZP, Carvalho LH, Fonseca VM, 
Monteiro SN, Almeida JRM. Analysis of 
the tensile strength of polyester/hybrid 
ramie–cotton fabric composites. Polym. 
Test. 2004;23(2):131-135. 

12. Alsina OLS, Carvalho LHD, Filho FGR, 
Almeida JRMD. Thermal properties of 
hybrid lignocellulosic fabric-reinforced 
polyester matrix composites. Polym. Test. 
2005;24:81-85. 

13. De Medeiros ES, Agnelli JAM, Joseph K, 
De Carvalho LH, Mattoso LHC. 
Mechanical properties of phenolic 
composites reinforced with jute/cotton 
hybrid fabrics. Polym. Compos. 
2005;26(1):1–11. 

14. Sabinesh S, Thomas Renald CJ, Sathish 
S. Investigation on tensile and flexural 
properties of cotton fiber reinforced 
isophthallic polyester composites. Int. J. 
Curr. Eng. Technol. 2014;2:213-219.  

15. Raftoyiannis IG. Experimental testing of 
composite panels reinforced with cotton 
fibers. Open J. Compos. Mater. 2012;2: 
31-39. 

16. Chaudhary V, Gohil PP. Stress analysis in 
cotton polyester composite material. Int. J. 
Metall. and Mater. Sci. and Eng. 2013; 
3(3):15-22. 

17. Rajpar AH, Maganhar AL, Shah SA. 
Mechanical characterization of cotton 
fiber/polyester composite material. Mehran 
Uni. Res. J. Eng. Technol. 2014;33(2): 
227-236. 

18. Magdi EM, Naglaa H, Gada E. 
Optimization of the combing noil 
percentage for quality single and ply 
compact spun yarn. Alex. Eng. J. 2013;52: 
307–311. 

19. Bueno MA, Renner M, Pac MJ. Influence 
of properties at micro – and meso-scopic 
levels on macroscopic level for weft knitted 
fabrics. J. Mater. Sci. 2002;37(14):2965-
2974. 

20. Nassif GAA. Effect of weave structure and 
weft density on the physical and 
mechanical properties of micro polyester 
woven fabrics. Life Sci. J. 2012;9(3):1326-
1331. 

21. Malik ZA, Tanwari A, Sheikh H. Influence 
of plain and Twill (3/1) weave designs on 
the tensile strength of PC blended fabrics. 
Mehran Univ. Res. J. Eng. and Technol. 
2011;30(1):23-28. 

22. Saiman MP, Wahab MS, Wahit MU. The 
effect of fabric weave on tensile strength of 
woven kenaf reinforced unsaturated 
polyester composite. Int. Colloq. on Text. 
Eng. Fash. Appar. and Desi. 2014;52-56. 

23. Campbell FC. In manufacturing processes 
for advanced composites. Elsevier 
Advanced Technology. The Boulevard, 
Langford Lane, Kidlington, Oxford OX5 
1GB, UK; 2004. 

24. Owen MM. Effect of weaving parameters 
and fabric surface treatment on the 
mechanical properties of cotton fabric 
reinforced epoxy composites. M.Sc. 
Thesis, Ahmadu Bello University Zaria, 
Nigeria, May; 2013. 

25. Abounaim MD, Diestel O, Hoffmann G, 
Cherif C. High performance thermoplastic 
composite from flat knitted multi-layer 
textile preform using hybrid yarn. Compos. 
Sci. Technol. 2011;71:511–519. 

26. Bannister M, Herszberg I. The 
manufacture and analysis of composite 
structures from knitted performs. In 
Proceedings 4th International Conference 
on Automated Composites, Sept. 6–7, 



 
 
 
 

Achukwu et al.; BJAST, 11(4): 1-11, 2015; Article no.BJAST.20006 
 
 

 
11 

 

1995; Nottingham, UK, 2: Institute of 
Materials. 1995;397–404. 

27. Yahaya R, Sapuan SM, Jawaid M, Leman 
Z, Zainudin ES. Effect of layering 
sequence and chemical treatment on the 
mechanical properties of woven kenaf–

aramid hybrid laminated composites. 
Mater. Des. 2015;67:173–179. 

28. Al-Mosawi AI. Study of some mechanical 
properties for polymeric composite material 
reinforced by fibers. Al-Qadisiya J. Eng. 
Sci. 2009;2(1):14–24. 

_________________________________________________________________________________ 
© 2015 Achukwu et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/11258 


