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Abstract: In this contribution, the composites with textile reinforcement and rubber matrix are studied 
experimentally. The reinforcement is in the form of fibre and material is PA66. These composite with textile 
structure are applied in tire casings for passenger cars and conveyor belts. The aim of research work 
of authors is propose and evaluate the experimental procedures for tests cyclic loading of selected 
composites, which consist of textile reinforcement with a different cord angle. The image analysis is 
applied for obtaining of information about geometry parameters of cords for specimen design for tests. 
The test machine Autograph AG-X plus 5kN – Schimadzu with a video-extensometer is used for the tests 
of low cyclic loading in tensile with cycle loops. The results of tests and geometry parameters are needed 
for creation of computational models of composites such as parts of tire casing.  
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1 INTRODUCTION 

For computational modeling of parts of tire casings 
and tires, the material parameters of matrixes and 
reinforcements are necessary as input data for the 
computational model and the experimental data 
of composite structures can be used as the 
verification criteria for the comparison 
of computational outputs with test results [1]. 
The static tests are not able to provide 
the information about the operational behavior. 
For computational modeling of a tire casing, 
the results from experimental data from cycle tests 
are needed.  

It is necessary to deal with cyclic tensile tests of long-
fiber composites with textile and steel reinforcement 
together as tire casings or conveyor belts. Therefore, 
the aim is also to propose and evaluate 
the experimental procedures for cyclic loading tests 
of selected composites, which consist of textile 
reinforcement with a different cord angle. 
The optimization of an angle of textile reinforcement 
in composites is possible on the basis of the results 
from the test of cyclic loading. A standard automobile 
radial tire casing consists of elastomer parts and 
parts with textile-cords (Table 1) and steel-cords in 
a tire tread as reinforcements.  

The structure parts applied into passenger car radial 
tire casings are: textile carcass plies, a textile cap ply 
(called an overlap belt) and steel-cord belts [2, 3].  

These structures of tire have got different cord 
material, angle and numbers of layers. The behavior 
of such materials as tire belts under mechanical 

loading is in many ways different from the behavior 
of commonly used technical materials [4, 5]. 

Table 1 Materials of textile-cords for tires [3] 

Material 
Labeling of construction 

[tex] 
Application 

Polyester 
PES 144x1x2 
PES 167x1x3 

Carcass plies 

Polyamide 6 
PA6 94x1x2 
PA6 94x1 

Cap ply 

Polyamide 66 PA66 140x1x2 Cap ply 

Rayon (viscose) 
VS 184x1x2 
VS 244x1x2 

Carcass plies 

Aramid Aramid 110x1x2 
Carcass plies for  
sport tire casings 

 

The PA66 and PES textile fibers are used for 
passenger tires, especially for common purposes. 
The aramid fibers, especially Kevlar, are used for 
tires of sport and high-speed cars. Kevlar has a high 
strength (up to 2750 MPa), a low modulus of elasticity, 
low elongation and dimensional stability [3].  

The sidewall also shows the material of cords and 
number of plies in the sidewall and under the tread 
of tire casing. The sidewall of a tire for passenger 
cars consists of one polyester carcass ply with a cord 
angle of 90° and in the tread, there are four plies: 
one polyester ply, two steel plies with a cord angle 
approx. 21–27° in ply and one polyamide cap ply with 
a cord angle approx. 0°, see Figure 1.  

A tire with the symbol Extra load (XL) may have two 
polyester- or two polyamide plies. The textile carcass 
density (it is a number of ends per one meter 
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of width, marked as EPM) is from 700 to 1150 m
-1

. 
The EPM of a textile cap ply is 1100–1200 m

-1
.  

 

 

Figure 1 The structure of tire casing – cord angles 

Tests of specific long-fiber composite materials with 
an elastomer are not standardized. The paper [5] 
describes the geometric parameters of single-layer 
specimens of tire casings with different cord-angles 
(0°, 25°, 45°, 60° and 90°) for tensile tests. Some 
standards describe the testing procedure and 
conditions of testing, the shape and geometric 
parameters of the test specimens for static tensile 
tests [12, 13]. E.g., the standard ASTM D-3039-76 
[14] describes the width of test specimens of fiber-
resin composites in the form of strips 25 mm wide, 2-
4 mm thick with the working length of 150 mm. 
Therefore, for tests of cyclic loading the shape 
of single-layer specimens with textile cords and 
an elastomer must be designed.  

The dynamic-mechanical properties of such 
composites can also be described by an elastic, 
viscous modulus and a loss factor [6]. For 
computational modeling, the modulus of elasticity 
and Poisson ratio are used as material input 
parameters of textile reinforcements. The LASE 
modulus from the producer of a textile cord is used 
[7]. LASE is a modulus of elasticity for elongation 5% 
(LASE is an acronym of Load At Specific Elongation 
5%). Another option is the determination of modulus 
as stress necessary for elongation by 100% obtained 
by extrapolation for elongation by 2%. After the 
vulcanization process and during the industrial 
process of a tire casing, the modulus can be 
changed (the influence of heat during vulcanization). 
The conditions of tire’s vulcanization process are 
the temperature of 193°C, the pressure of 1534 kPa 
and time 10 min. 

The static tensile modulus of elasticity of PA66 is 
from 900 to 3450 MPa or from 9 to 50 cN/dtex [3, 8, 
9]. It is a broad range. In case of rayon, the modulus 
is from 600 MPa to 11 GPa or 8–120 cN/dtex. 
Typically values of modulus of elasticity are in 
Table 2. Usually the test conditions are 
a temperature of 20±2°C, humidity of 65±5% and 
an initial length between clamps of a test machine 
(gauge length) 500 mm [10. The Poisson ration 
of PA66 is approx. 0.4.  

Table 2 Modulus of elasticity of textile cords [11] 

Material 
Labeling of 

construction [tex] 
Modulus of 

elasticity [GPa] 

Polyester PES 110x1x2 4 
Polyamide 66 PA66 94x1x2 3.4 

Rayon 
(viscose) 

VS 184x1x3 11 

Aramid Aramid 167x1x2 25 

 

The low-cyclic loading of composites is still actual 
and has been discussed increasingly, because the 
obtained experimental can be really good information 
in relation to the composite behavior and they can be 
used as input parameters for computational 
modeling. Therefore the aim of research work 
of authors is propose and evaluate the experimental 
procedures for tests cyclic loading of selected 
composites.  

2 EXPERIMENTAL METHODS  

2.1 Image analysis of cross-section of tire casing 

The geometric configuration of reinforcements is the 
main factor for the specification of material 
parameters, which would be used for the description 
of the whole area of casing under the tread. 
The photo camera Canon EOS 600 D and 
a standard light microscope were used to obtain 
the images. The software IMPOR 5.0 with plug-in 
Object Measuring is used for the image analysis.  

The cord structure of the selected tire casing 
Continental 245/40 R18 97Y XL is represented in 
Figures 2 and 3. The tire has polyamide cords in cap 
ply, the detail of polyamide cord is in Figure 3 bellow. 
The cord structure for different tire casing Dunlop 
215/40 R17 87V XL is in paper [15].  

 

 

Figure 2 The structure of tire casing 245/40 R18 by photo 
camera 

The image analysis is applied for obtaining 
the information about geometric parameters of cords 
such as distances between cords and ply thickness 
for specimen design for tests of low cyclic loading. 
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Figure 3 The detail of structure by light microscope with 
polyamide cord in cap ply of tire casing 245/40 R18 by light 
microscope 

2.2 Specimen design 

Before carrying out the mechanical tests, 
the geometric parameters of test specimens had 
been proposed and test conditions with respect to 
the test apparatus had been determined. 
The composite specimens with an angle of the textile 
reinforcement 0° (textile reinforcement is 
perpendicular to the direction of loading), 45° and 60° 
are used for the cyclic tests. The composite 
specimens are consisted of one layer. The PA66 is 
used as textile reinforcement and elastomer for 
production of radial tire carcass is used as matrix. 

The geometric parameters of rectangle shape 
specimens are a length of 195 mm, a width 
of 35 mm, initial length between clamps of a test 
machine 100 mm and a thickness of the specimen 
of 1.05 mm. The cord diameter is 0.5 mm. The EPM 
is 870 m

-1
. The specimens were produced by 

the authors. The initial length between the points for 
a video-extensometer is 50 mm, see Figure 4. 

 

Figure 4 Specimens with geometric parameters (in mm) 

2.3 Methods of cyclic loading 

The tests of cyclic loading of these composites are 
requested for the verification analyses between tests 
and computational modeling of tires. Standards and 
a methodology of optimal testing of composites with 
the textile structure have not been determined yet but 
the determination can be based on the behavior 
of elastomers under the cyclic loading [16]. 
For elastomers under the first cycle, there is 
the occurrence of Mullins effect. This effect 
is characterized by a big hysteresis. In the second 
cycle, there is a typical stress drop, which decreases 
in each following cycle. In case of the cyclic 
deformation with constant amplitude, the stress-
elongation characteristics are stabilized over several 
cycles (usually up to 10 cycles). For textile materials, 
the DIN 53835-13 standard is defined [17] and 
according to the mentioned standard, the conditions 
are taken into consideration during the first 5 cycles. 

The design of method for cycle loading tests 
of composites with a textile fiber and an elastomer 
matrix on a test machine with a video-extensometer 
has these conditions: the loading speed 250 mm/min 
for cycles and 50 mm/min for a pre-test by force 
value 2 N [17]. Five cycle loops are applied. Every 
cycle loop consists of five cycles. Every cycle is 
defined as loading to a certain percentage 
of elongation between clamps of a test machine and 
unloading to a certain percentage of elongation 
between clamps of a test machine. 

For angles 0° and 45°, the first cycle loop consists 
of cycles with loading to 30% and unloading to 3% 
of elongation (not 0% because the negative force is 
not possible during tensile testing for certain 
composite specimens with the textile reinforcement). 
The second loop consists of cycles with elongation 
higher by 10%: loading to 40% and unloading to 10% 
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of elongation. The third loop consists of five cycles 
that have loading to 50% and unloading to 20% 
of elongation, the fourth loop with cycles has loading 
to 60% and unloading to 30% of elongation. The fifth 
loop has cycles with different elongations, the loading 
to 60% is the same as fourth loop and unloading is 
5% of elongation. The final step is loading to 100% 
of elongation. The specimens with a cord angle 
of more than 45° have a higher rigidity, so the 
method is different for an angle of 60°: all values 
of elongations are multiple 0.4 of values 
of elongations for angles of 0°, 30° and 45°.  

2.4 Experimental apparatus 

The test machine Autograph AG-X plus 5kN – 
Schimadzu with a video-extensometer for large strain 
as tensile tests of composite materials with elastomer 
and viscoelastic materials with the test mode Control 
of software Trapenzium X version 1.4.5 is used for 
the tests of cyclic loading in tensile with cycle loops. 
Before the tests, calibration of the video-
extensometer is required. 

The software Matlab was used for separation of data 
for every cycle for obtain graphic curves. 

3 RESULTS AND DISCUSSION 

3.1 Geometrical parameters of cords 

The geometric parameters of the reinforcements 
of tire casing 245/40 R18 in place end of steel-cord 
belts are showed on the Figure 5 and schematic 
structure in the center of the tread is on the Figure 6.  

 

 

Figure 5 The image analysis of part of tire casing 245/40 
R18  

The EPM of the textile cap ply is approx. 850 m
-1

. 
The diameter of cords is 0.69 mm and the thickness 
of the cap ply is approx. 1.2 mm. The textile carcass 
has 0.5 mm diameter of cords and the thickness is 
0.92 mm. The steel cord belts consist of two plies 
with a density of 920–960 m

-1
 and the cord 

construction is 2x0.30 mm. The thickness of the steel 

cord belt (two plies altogether) is 1.94 mm. 
The thickness of layers of elastomer under tread is 
visible on the Figure 6. 

 

 

Figure 6 Geometrical parameters of cords in cross-section 

The geometric parameters (Figure 6), which were 
obtained by an image analysis of the cross-section 
(the accuracy of the parameters is 95%), will be used 
as necessary geometric input data in order to create 
a computational model with a real configuration 
of cords. 

The obtained information about the geometric 
arrangement of reinforcements can be used also for 
an optimization of arrangement of cords in a tire 
casing in order to gain better stiffness parameters in 
individual directions. 

3.2 Composite after tests of cycle loading 

Deformations of specimens are shown in Figure 7. 
The geometrical change of the specimen shape is 
not symmetrical for an angle of 45°, a part of the 
specimen was pulled from jaws of the testing 
machine during the test. White lines on a side of the 
surface of the sample are signs of better 
representation of deformation during the test. 

 

  

Figure 7 Photos of specimens by a video-extensimeter for 
the deformation 100 mm (photos obtained by a video-
extensimeter) 
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Raw data from Trapezium X have over 46 000 rows 
for every angle. The further data processing is 
difficult because of a large number of data fields in 
Microsoft Excel. Therefore the software Matlab was 
used for searching of cycle maximum and minimum 
from raw data. 

Dependences of true stress on elongation between 
points for a video-extensometer (marking as 
elongation ex.) are: 

 the Figures 8 and 9 (in Figure 8 dependences 
of engineering stress on elongation between 
clamps of the test machine are only for 
comparison with true stress - elongation ex.) for 
a cord angle of 45°;  

 the Figure 10 for a cord angle of 0°;  

 and the Figure 11 for a cord angle of 60° 
(a different method).  

The behavior of specimens during the tests is very 
different. 

The fifth cycle in every cycle loop can be considered 
as a stable cycle because difference between fourth 

and fifth cycle is about to 5%. Therefore 
the dependences of fifth cycle of every cycle loop are 
important for the comparison between the cord 
angles. The comparisons of the fifth cycles are given 
in Figure 12 as dependences of true stress on 
elongation ex.  

The approximate the dependences for a cord angle 
of 0° (Figure 12) can be used as input material 
parameters of an elastomer matrix. 

The envelope curve for a cord angle of 45° is in 
Figure 13. This curve can be used as input material 
data, which describes a textile cap ply as a whole, for 
computational modeling of a specific tire carcass e.g. 
a sport bike tire [18].  

The computation modeling and calculations of long-
fiber composites are very difficult because 
the accurate materials characteristics of matrixes [19] 
and reinforcement are needed but these accurate 
materials characteristics have to be obtained from 
the tests of cycle loading. 

 

 

  

Figure 8 Dependences of engineering stress on elongation 
between clamps for a cord angle of 45° 

Figure 9 Dependences of true stress on elongation 
between points for a video-extensometer for a cord angle 
of 45° 
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Figure 10 Dependences of true stress on elongation 
between points for a video-extensometer for a cord angle 
of 0° 

Figure 11 Dependences of true stress on elongation 
between points for a video-extensometer for a cord angle 
of 60° 

 

 

  

Figure 12 Comparison of the fifth cycle of cord angles 0° 
and 45° 

Figure 13 The final envelope curve for a cord angle of 45° 

 

 

4 CONCLUSSIONS 

The geometric parameters, which were obtained by 
the image analysis of cross-section, will be used 
as necessary geometric input data in order to create 
the computational model with real configuration 
of cords. The geometric parameters, which were 
obtained by an image analysis of the cross-section 
(the accuracy of the parameters is 95%), will be used 
as necessary geometric input data in order to create 
a computational model with a real configuration 

of cords. The results can be used for an optimization 
of the deposition angle of textile reinforcement in 
composites. 

In this study, methods for testing of textile 
composites with five cycle loops for different 
elongation with five cycles in every cycle loop have 
been designed with following finding: 

 The fifth cycle in every cycle loop can be 
considered as a stable cycle, because difference 
between fourth and fifth cycle is small. 
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 The values of true stress for a cord angle of 45° 
are approximately 20–25% higher than values for 
a cord angle of 0° (reinforcement has right angle 
to loading force).  

 Suggestion for the second option of the method: 
unloading for the next cycle loop only to the 
maximum elongation from the previous cycle 
loop. 

A mathematical description of the envelope curve 
from the fifth cycles (Figure 13) is search. The curve 
can be replaced by polynomial of 9

th
 degree.  

The results from tests of low cyclic loading can be 
used for the optimization of the deposition angle 
of textile reinforcement in composites. 

For the specimens with steel-cord, different (lower) 
elongations for definition of cycle loops must be used 
because the specimens of steel-cord belt have 
higher stiffness than the specimens of composite 
with textile reinforcement such as a tire carcass.  

The test machine Autograph AG-X plus 5 kN – 
Schimadzu has a hybrid temperature-humidity 
chamber allowing the tests from -70 to 180°C and 
from 20 to 80°C, it is possible to change the humidity 
from 30 to 95%. Future research is needed for the 
tests of cyclic loading of composites, which will be 
realized at different temperatures.  
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