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Abstract: This paper presents analytical 
and experimental procedures for 
estimating the elastic properties of plain-
weft-knitted-fabric-reinforced polymer- 
composite material. The composite 
material under study is assumed to have 
mainly reinforcement-fiber yarns and 
polymer matrix. Cotton yarn and fabrics 
are being considered as an 
environmentally friendly alternative to 
synthetic reinforcement in polymer 
composites. In present investigation cotton 
yarn of different length were tested by 
tension in order to obtain the stress-strain 
dependence. Also cotton knitted fabric 
specimens of different knitting directions 
were tested by tension in order to obtain 
the stress-strain response. Elastic moduli 
of cotton yarn and knitted fabrics having 
different load span and knitting direction 
were obtained. Cotton knitted fabric 
composites with thermoset polymer 
matrices were manufactured and tested by 
tension for stiffness and strength 
determination. Analytically predicted using 
effective modulus method composite 
material elastic properties were compared 
with experimentally obtained. 
Key words: Cotton yarn, cotton knitted 
fabric, method of effective modulus. 
 
1. INTRODUCTION 
 
Using knitted fabrics in composites are 
gaining much interest because of their 
excellent flexibility and mechanical 
properties in the through the thickness 
direction so they are most suitable for the 
production of 3D fabrics for complex 
shape. 

Textiles and textile composites are 
hierarchical structured materials. Predictive 
models are complicated; it’s hard to 
specify such mechanical properties like 
transversal elastic modulus and Poisson’s 
ratio. The large variety of possible textile 
performs presents a challenge for 
composite materials science. In order to 
effectively predict the properties of a 
composite, it is often useful to know the 
properties of reinforcement. 
 
2. MECHANICAL PROPERTIES OF 
YARN 
 
Knitted fabric properties are determined by 
the yarn and fabric construction and any 
chemical and mechanical treatment applied 
to the yarn or fabric. Fabric thickness 
depends mostly on yarn diameter and little 
on stitch length and yarn twist due to loop 
curvature. The behavior of knitted fabrics 
under tensional loads depends on several 
factors such as fabric design, fabric 
tightness, yarn type and applied load [1,2]. 
 
2.1. Yarn tensile test 
 
A common feature of natural yarns is a 
much higher variability of mechanical 
properties. Although yarn thickness varies 
along the yarn, we accepted each yarn 
perfectly round and having constant 
diameter. 
Knowing the yarn number of explored 
cotton yarn, it is possible to determine the 
diameter of yarn. Number of yarn - 50, it 
means that 50 meters of cotton yarn’s has 1 
gram in weight. Knowing the density of 
cotton ρ = 1,51 g/cm3 and using simple 



formulas diameter of yarn was determined 
and equal 130 mkm. Yarns diameters were 
evaluated from optical observation under 
microscope too. 
Cotton yarns delivered by Juglas 
manufaktura (Latvia) were used. The yarns 
were stored and tested at ambient 
conditions. Yarn ends were glued onto a 
paper frame. During mounting the 
specimens were handled only by the paper 
frame. Yarn length outside the frame was 
10, 15 and 20 cm. 
The tests were carried out on an 
electromechanical tensile machine Zwick 
Z150 equipped with mechanical grips. 
Load-displacement curve was recorded 
during the test. Upper grip of the machine 
was attached through a hinge and thus 
allowed to self-align. All tests with yarns 
were displacement controlled with the 
loading rate of 10 mm/min. During the 
experiment the data were transferred to the 
PC. 
 
2.2. Determination of elastic modulus of 
yarn 
 
The diagrams of stress-strain curve were 
obtained from load-displacement curves 
taking into consideration that yarn diameter 
is a constant. The elastic modulus was 
found from experimental dates as a tangent 
of angle of slope of stress-strain curve to 
horizontal.  
As demonstrated in Fig. 1 stress-strain 
curves being rather linear. Curves for three 
specimens at 10 cm length are presented 
showing remarkable stability of results. 
The obtaining stress-strain curves were 
linearized for the elastic modulus 
determination. The average values of the 
elastic modulus for different length of 
specimens are provided in Table 1. These 
results show that the elastic modulus is not 
significantly different, but with increasing 
length of the yarn - value of the elastic 
modulus also increases. 
 
 

 
Fig. 1. The stress-strain diagrams of yarns 
at 10 cm length 
 

Yarn 
length 

10 cm 15 cm 20 cm 

E (GPa)  3.606 3.761 4.230 
Table 1. Elastic modulus of cotton yarn 
 
3. MECHANICAL PROPERTIES OF 
KNITTED FABRIC 
 
The ways in which textile materials deform 
under application of axial stress play an 
important role in their processing and use. 
When tensile loading is applied to the 
knitted fabric (Fig. 2.), the yarn within the 
structure moves until it jams and then the 
yarn elongates until it breaks. Under an 
applied load, plain knitted fabric has less 
elongation in the walewise direction than 
in coursewise direction due to widthwise 
jamming occurring sooner than coursewise 
jamming [3]. 
 

 
a) 



 
b) 
Fig. 2. Knitted fabric, modelled in 
WiseTex, presented in Cortona 3D 
software [4]; a) the front side; b) the back 
side 
 
3.1. Knitted fabric tensile test 
 
Tensile tests were carried out on an 
electromechanical tensile machine Zwick 
Z150 machine equipped with mechanical 
grips. All tests with knitting fabric were 
displacement controlled with the loading 
rate of 40 mm/min. The specimens are cut 
to a size of 10 × 100 mm. The thickness of 
investigated cotton plain-knit fabrics was 
assumed equal 8.278·10-5 m. The textile 
thickness was obtained from linear density 
of fabric 125 g/cm2. Knitted fabrics 
samples are extended in different 
directions: in the walewise direction (00 
angle), in coursewise direction (900 angle) 
and at 45° angle. Load-displacement curve 
was recorded during the test. During the 
experiment the data were transferred to the 
PC. 
 
3.2. Determination of elastic modulus of 
knitted fabric 
 
The diagrams of stress-strain curve were 
obtained from load-displacement curve. 
Stress-strain diagrams of knitted fabric in 
different direction demonstrate high 
nonlinearity of curves (Fig. 3). Stress-strain 
curve can be replaced by bilinear 
characteristic as it shown in Fig. 4 for 

diagram in the walewise direction (00 
angle). 
 

 
Fig. 3. The stress-strain diagrams of knitted 
fabric in directions: 
00 ▬▬▬, 900 ———, 450 ▬▬▬ 
 

 
Fig. 4. The stress-strain diagram of knitted 
fabric in the walewise direction ▬▬▬; 
bilinear aproximation ▬▬▬. 
 
Diagram in Fig. 4 has two typical zones: 
the yarn within the structure moves (zone 
A) and the yarn elongates until it breaks 
(zone B). Elastic moduli are obtained for 
both zones: 13.7 МPа (zone A) and 168.1 
МPа (zone B). 
 
4. MECHANICAL PROPERTIES OF 
COMPOSITES REINFORCED BY 
KNITTED FABRIC 
 
4.1. Composites tensile test 
Plates (of 2.2 mm thickness) of thermoset 
cotton fabric composites were 
manufactured by using acrylic resin. 
Acrylic resin parameters: elastic modulus 
E=3.3 GPa, density 1.12 g/cm3, Poisson’s 
ratio η=0.35. Rectangular specimens (5 
layer) 25 x 100 mm were cut from the 



plates for tensile test with different 
directions of knitted fabric orientation 
(angles 00, 900, 450). Mechanical tests were 
performed on composites with fiber weight 
fraction Wf=27%. Volume fractions of 
fibers which are most suitable for 
theoretical analysis can be calculated using 
densities. Using densities of constituents 
ρf=1.51 g/cm3 ρm=1.12 g/cm3 and standard 
micromechanics expressions [5] we 
calculate the corresponding fiber volume 
fractions Vf=21.5%. 
 

 
 

(1) 
 

 

(2) 
 

 
Tensile tests were carried out on an 
electromechanical tensile machine Zwick 
Z150 machine equipped with mechanical 
grips. All tests with composite specimens 
were displacement controlled with the 
loading rate of 10 mm/min. Load-
displacement curve was recorded during 
the test. During the experiment the data 
were transferred to the PC. 
 
4.2. Determination of elastic modulus of 
composites 
 
The diagrams of stress-strain curve were 
obtained from load-displacement curves. 
As demonstrated in Fig. 5 the stress-strain 
curves with different directions of knitted 
fabric appears close to one other.  
The elastic moduli were determined 
analyzing data with the maximum strain 
value of about 0.2%. This level was used 
expecting that damage will not develop in 
this relatively low strain region [6]. The 
theoretical stress-strain curve is obtained in 
the same region using the parameters of 
both constituents: 
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where EL – longitudinal elastic modulus of 
composite; Ef – fiber (textile) elastic 
modulus; Em – matrix (acrylic resin) elastic 
modulus. 
 

 
Fig. 5. The stress-strain diagram of 
composites reinforced by knitted fabric in 
different directions: at 00 ▬▬▬,  
900 ———, 450 ▬▬▬ . 
 
The comparison of experimental and 
theoretical stress-strain curves is shown in 
Fig. 6. The experimental and theoretical 
curves have different slopes and different 
values of elastic modulus. It means that the 
indicated above method of determination 
of knitted fabric elastic modulus is not 
correct. Primary cause of differences in 
real and obtained curves is rigidity of 
matrix that not allows considerable 
deformation of textile. Therefore the elastic 
modulus of composite was obtained 
experimentally for fabric direction 00 and 
evaluated for other directions. 

 
Fig. 6. The stress-strain diagram of 
composite at 00: experimental ▬▬▬, 
theoretical ——— 
 
The elastic modulus of composite is 
obtained by linearization of experimental 
curve (see Fig. 7) and equal 3.7 GPa. 



 
Fig. 7. The stress-strain diagram of 
composite at 00: experimental ▬▬▬, 
linearization ——— 
 
The fiber (textile) elastic modulus was 
obtained from (3) and is equal to 5.158 
GPa. The longitudinal and transverse 
elastic moduli, Poisson’s ratios were 
obtained: 
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where ET – transverse elastic modulus, Gm 
- matrix shear modulus, Gf – fiber shear 
modulus, Glt –shear modulus of composite, 
νlt - Poisson’s ratio of composite, constants 
ξ1=2, ξ2=1. 
The effective modulus method (laminate 
plate theory) was used [7] and obtained 
inplane stiffness matrix for laminate in 
direction 45° (in N/m):  
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And effective engineering properties for 
laminate are determined from stiffness 
constants including the longitudinal elastic 
modulus 3.359 GPa. The comparison of 
experimental and theoretical stress-strain 
curves for direction 45° is shown in Fig. 8. 

 
Fig. 8. The stress-strain diagram of 
composite at 45°: experimental ▬▬▬, 
theoretical ——— 
 
The inplane stiffness matrix (in N/m) and 
longitudinal elastic moduli were 
determined for fabric direction 90° and 
equal 3.649 GPa  
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The comparison of experimental and 
theoretical stress-strain curves for direction 
900 is shown in Fig. 9. 

 
Fig. 9. The stress-strain diagram of 
composite at 90°: experimental ▬▬▬, 
theoretical ——— 
 
Figures 8 - 9 show the good coincide 
between experimental and theoretical data. 



5. CONCLUSIONS 
 
Cotton yarn elastic modulus was 
determined experimentally. Scale factor 
was investigated testing yarn pieces having 
different load span.  
Cotton knitted fabric composites with 
thermoset polymer matrices were 
manufactured and tested (by tension) for 
stiffness determination. Observed 
composites show almost isotropic behavior 
at any knitted fabric orientation. 
The elastic modulus of cotton fabric was 
obtained experimentally. Simultaneously 
analytical material stiffness prediction was 
done using effective modulus method for 
laminated composites. Results comparisons 
are shown good agreement. 
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