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Abstract:

Fabric strength plays a crucial role in determining and influencing all other performance attributes of textiles.
Therefore, considering the strength of the fabric becomes essential when choosing the appropriate textile for a
specific purpose. This article presents an experimental study that focusses on the properties of 100% polyester
fabrics. To conduct this study, we created ten fabrics with different weave structures, resulting in a total of 200
samples for tensile strength testing. Moving on to the second phase, we analysed the physical and constructional
characteristics of the fabrics, including the number of warp and weft threads, warp and weft density, and weight. This
analysis was carried out based on the weave structures. Additionally, we performed tensile strength tests in both
warp and weft directions to examine the mechanical properties of the fabrics. Finally, a statistical analysis was
performed to determine the impact of the weave structures on the tensile strength of the fabrics.

Keywords:

Weave structures, tensile strength, fabric texture, average length of floats, weave interlacing coefficient

1. Introduction

Fabrics are becoming an indispensable part of daily life. Contrary
to past centuries, when textiles were merely used for clothing,
today they are used for several purposes. Textiles should gen-
erally meet standards for strength, colour fastness, beauty, and
other qualities. These characteristics are essential for daily use.

Fabric is assessed based on six primary criteria, which include
the materials used for warp and weft, the count of warp and weft
threads, the density of warp and weft, the type of weave used,
the adjustment of the tension of warp and weft threads on the
loom, treatments and finishes [1-5], the research conducted in
these articles offers valuable insights into the intricate relation-
ships between weave parameters, fabric structure, and the
mechanical properties of woven fabrics. By investigating fac-
tors such as tear strength, drapeability, shear characteristics,
and compressional properties, these studies contribute to a
deeper understanding of how design choices in fabric produc-
tion impact performance attributes. The findings not only pro-
vide guidance for optimising fabric properties based on specific
requirements, but also pave the way for innovative advance-
ments in textile engineering and product development. These
parameters play a significant role in determining the fabric
structure. Numerous researchers have examined the assess-
ment of weaving fabric properties, such as air permeability
[6-9], the collective findings of these research articles delve
into the critical interplay between woven fabric structure and
key performance attributes such as air permeability, moisture
management, and structural parameters- Through experimental
and theoretical investigations, the studies shed light on how spe-
cific constructional parameters influence air and water vapour
permeability, thereby impacting the fabric’s breathability and

comfort properties. By predicting structural parameters and their
correlation with air permeability in cotton woven fabrics, these
studies provide valuable insights for enhancing fabric function-
ality and performance in various applications, contributing to
advancements in textile science and design. These research
articles collectively contribute to a comprehensive understanding
of how various factors influence the mechanical properties of
woven fabrics [10-35]. By exploring the effects of weave types,
densities, yarn, constructions, and fabric structures on the
tearing strength, puncture strength, bursting strength, and tensile
strength, as well as investigating the dependence of yarn and
fabric strength on structural parameters, and elongation [36—39)],
the research described in these articles investigates the complex
relationships between fabric properties and structural para-
meters, highlighting how fabric structure and filament fineness
influence the mechanical characteristics of fabrics. By exploring
the effects of structural parameters on elongation, these studies
provide valuable insights into optimising fabric performance. In
addition, studies of the influence of fabric structure on fabric
fracture characteristics contribute to a better understanding of
how design choices influence the mechanical behaviour of tex-
tiles, providing valuable knowledge for fabric development and
engineering applications.

To our knowledge, several studies have worked with a practical
approach to predict different types of strength: the ability of a
material to withstand applied forces without breaking or tearing,
tearing strength, which measures the resistance of a textile to
tearing when subjected to a force that causes a material to rip
apart [18—24]; puncture strength, which refers to the ability of a
material to resist penetration by a sharp object without tearing
or rupturing [25-29]; bursting strength, which refers to the
ability of a material to withstand pressure without rupturing or
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bursting [30-35]; and finally, tensile strength, the maximum
tensile (pulling) force that a material can withstand without
breaking [10-17]. Our study focuses only on the tensile strength
of 2D.

In 2007, Unal and Taskin [10] conducted a study to investigate
the impact of weave patterns and densities on the tensile
strength of fabrics made entirely of polyester. Various types
of fabrics were generated, incorporating different warp and
weft densities, with focus particularly on plain and twill weaves.
However, certain limitations were acknowledged, including
the absence of specific sample sizes and concerns about the
representativeness of the fabric samples. Furthermore, the
measurements were made after the fabrics went through a
washing process, which could influence the recorded tensile
strength values.

In 2008, Ogulata and Kadem [11] developed an empirical equa-
tion to forecast the tensile strength of fabrics composed entirely
of cotton. This equation considered factors such as thread
count and weave structures. However, the study was limited
to plain and twill weaves and did not account for immediate
measurements after the weaving process. It was proposed
that measurements be conducted after the fabrics went through
a double-sided burning process on a cooled cylinder, followed by
incineration in a desiccant tank. This approach would enhance
comprehension of the fabric’s properties.

Similarly, in the same year, a report from Teli et al. [12] focused
on the experimental design and testing of fabrics utilising var-
ious yarns, fabric manufacturing techniques, and pick densities.
However, the article had certain limitations, as it concentrated
exclusively on specific types of yarns and had restricted ranges
of warp and weft counts, which affected the precision of
strength prognostics.

In 2008, CernoSa and Dimitrovski [13] conducted a study to
investigate the influence of weft characteristics, weave pat-
terns, and perpendicular threads on the breaking strength and
elongation of woven fabrics. The study revealed that the utilisa-
tion of doubled weft yarns increased the breaking strength and
elongation in the warp direction. However, limitations were
observed, including a confined range of weaves and the intricacy
of accurately estimating the effects attributed to less dense struc-
tures. In 2010, Sekerden and Celik [14] examined the influence
of weft density, weft count, and weave type on the physical and
mechanical characteristics of the fabric. However, the investiga-
tion mainly focused on the tensile strength of fabric wefts after
washing and sanforising, thus disregarding the impact on warp
yarns.

In 2011, Malik et al. [15] constructed models to predict the tensile
strength of cotton woven fabrics. However, these models were
solely validated for plain and twill weaves, thus restricting their
applicability to alternative weave structures.

In 2013, Ozdemir and Mert [16] carried out a comparative ana-
lysis that examined the tensile, bursting, and impact strengths
of cell-woven fabrics in contrast to plain-woven fabric. The ana-
lysis focused primarily on specific fabric structural parameters
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and did not investigate other potential factors or variations in
yarn materials.

In 2016, Nasrun et al. [17] investigated the impact of weft den-
sity on yarn crimps and the tensile strength of 3D angle inter-
locking woven fabric. However, the study did not specify how
many fabric samples were evaluated, which would have increased
the statistical significance of the results.

In 2017, Jahan [18] conducted research to find out how various
weave configurations affected the mechanical characteristics
of woven cotton textiles. Research found certain yarn kinds
and weave patterns that improved tear strength, but statistical
analysis lacked to determine the significance of the changes
detected.

In 2020, Mebrate et al. [19] investigated how loom tension
affected the mechanical characteristics of the plain cotton fabric
produced. The study’s shortcomings were a small sample size
and a tight emphasis on tension, and it was limited to one type
of cloth. Ultimately, in 2021, an experimental investigation on
the performance characteristics of 100% cotton terry textiles
was carried out by Ala [20]. Although the study looked at dif-
ferent fabric structures, it did not examine how different fin-
ishing techniques and treatments affected the performance of
the fabric, which may have revealed important information for
enhancing the fabric’s longevity and quality.

Table 1 presents the review of the various cases carried out by
various authors regarding the effect of the six variables indi-
cated in the above table on the tensile strength of the fabric. By
examining this table, we can conclude that in all the cases
studied, most authors used more than one variable, two, three,
or four, depending on the objective of the study. As for current
research, we will fix five variables and only change one vari-
able, the structure of the fabrics, the number of structures in this
study is 14 in Table 2, consisting of plain, twill, sateen, and
some derivatives.

2. Methods

Before starting the production of the samples to be used in this
study, we adjusted the tension on the VAMATEX weaving
machine which turns at a speed of 440 ppm and selected the
parameters that will remain unchanged. Raw material: warp
yarn lighter colour polyester (300/72) denier and weft yarn
yellow colour polyester (300/72) denier, warp density = 26
(threads/cm), weft density = 19 (picks/cm). The fabrics pro-
duced will not be subjected to any treatments or finishes.
Throughout the study, we manufactured ten types of fabrics,
each measuring around 4 m, with various weave structures. All
types of weave structures used in this research are shown in
Table 2. To establish the impact of the number of intersections
between warp and weft threads on the tensile strength of the
textile, it is essential to quantify these intersections. To achieve
this, the Ashenhurst and Ashenhurst equations will be used to
assign numerical values corresponding to the intersections
between warp and weft threads. Fabric samples were classified
according to their weave pattern in Table 2. The numerical
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Table 1. Summary of different studies from 2007

‘The six parameters 1 2 3 4 5 6

strength

date of submission
washing

Single
Twisted

In our study

values assigned to the fabric codes indicate the weave type. All  length of the floats in the warp yarn matches that of the
weave patterns consist of square unit weaves, ensuring an  weft yarn.

equal number of interlacing between each warp and weft

yarn. This results in the average interlacing of the yarn being  The average float length F has been calculated according to
equivalent to the number of interlacing. Moreover, the average  Ashenhurst’s rule, which proposed the thread-spacing theory

Table 2. Weave patterns used in the experiment

Fabric code Weave structures Weave structures Weave interlacing Average float length thread/
coefficient intersection
1 Plain E 1.000 1.00
2 Basket 2-2 % 0.500 2.00
Warp-faced twill 3 x 1

3 right hand E 0.625 2.00

4 Twill 2 x 2 right hand E 0.62500 2.00

5 Warp-fgced twill 7 x 1 034375 4.00
right hand

6 Twill 4 x 4 right hand ﬁ 0.34375 4.00

7 Warp-fgced twill 6 x 2 0.34375 4.00
right hand

8 4-end sateen E 0.625 2.00

9 Warp-faced sateen de 8 E 0.34375 4.00

10 Warp-faced sateen de 8 E 0.34375 4.00
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enabling us to calculate the average float length for any draught
in any yarn using equation (1) [40].

Ry

F1(2) = (1)

b
where R, (1) is the repeat weft (2) or warp (1), and ¢; (2) is the
number of warp or weft intersections in the repeat weave.
Subscripts 1 and 2 are used throughout to denote warp and
weft, respectively. The weave interlacing coefficient, defined by
Galceran [40], was calculated using equation (2).

KL = / (2)
B Wy X Wo '

where i is the number of interlacing points in the weave repeat,
w; is the number of ends in the weave repeat, and w; is the
number of picks in the weave repeat.

After producing different fabrics, we condition them in a standard
test atmosphere (temperature T = 20°C + 2°C and humidity Hr =
65% + 2%) for 24 h at the ESITH-LEC Expertise and Control
Laboratory. Subsequently, we organised, prepared, and cut the
necessary test specimens for inspection and analysis.

To better understand the influence of weave structures on
fabric tensile strength, we initiated the study by examining
changes in the fabric’s physical properties, such as warp and
weft densities, mass per m?, warp and weft shrinkage, width
(cm), and warp and weft shrinkage.

Once the different samples were produced, we measured the
physical and structural properties of the fabrics according to the
following standards: Count yarn of the warp and weft: [ISO
2060, November 1994], fabric warp and weft counts: [NF NE
1049-April 1994], fabric mass per m?: [NF G 07 157 NF G 07

150 September 1984], where EN is the European Norm and NF
is Norm francaise. From the various fabric analysis carried out
and the mean values obtained, we can see that the constitution
characteristics of warp and weft densities and mass per m? vary
according to the weave structure in Table 3.

Once the physical properties have been determined, the mechan-
ical properties will be determined using a tensile test in the warp
and weft direction. In our study, we measured the tensile strength
of the warp and weft yarns incorporated into the fabrics, as well as
those extracted from the fabrics, in both the warp and weft direc-
tions. The purpose of these measurements was to demonstrate
the relationship between fabric tensile strength and weave struc-
tures. In the first part, we prepared a total of 200 samples, 100
samples in the warp directions and 100 samples in the weft direc-
tions, each measuring 50 mm wide and 300 mm long.

The warp sample locations are distributed across the width of
the fabric to avoid having two samples containing the same
yarns in both the warp and weft directions.

To prepare the warp thread strips (the warp threads extracted
from the fabric), we removed all the weft threads along various
samples. Similarly, for the weft thread strips (the weft threads
extracted from the fabric), we removed all the warp threads
along various samples (Figure 1).

Second, for determining the tensile properties, we made var-
ious adjustments to the dynamometer, including setting the
force scale to 500 N, the elongation scale to 100 mm, the speed
to 1,000 mm/min, the reference length to 200 mm, and the
preload to 5 N. These parameters enabled us to obtain consis-
tent and reliable test measurements.

In the final stage of the experiment, the break tensile strength
and elongation at the break were evaluated according to the

Table 3. Physical and constructional characteristics mean value of the fabrics

Weave structures Count warp Count weft Warp densities Weft densities Weight (g/m?)
yarn (denier) yarn (denier) (yarn /cm) (picks/cm)
Plain 300 300 26.00 19.00 184.92
Basket 2-2 300 300 26.64 19.84 188.66
Warp-faced twill 3 x 1 300 300 26.64 19.88 190.32
right hand
Twill 2 x 2 right hand 300 300 26.8 20.2 192.58
Warp-faced twill 7 x 1 300 300 27.00 21.2 196.76
right hand
Twill 4 x 4 right hand 300 300 27.6 214 202.34
Warp-faced twill 6 x 2 300 300 27.32 21.32 199.06
right hand
4-end sateen 300 300 26.8 19.92 190.78
Warp-faced sateen 300 300 27.00 21.04 195.78
de 8
Warp-faced sateen 300 300 27.00 21.04 195.76
de 8
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Figure 1. Specimen preparation method.

standard: [ISO 13934-1:2013]. For each weave structure, we
conducted five tests on warp yarn strips (warps extracted from
fabric) (Figure 2) and five tests on fabric strips (warps embedded
from fabric) (Figure 3) in the warp direction. Similarly, we per-
formed five tests on weft yarn strips (weft extracted from fabric)
and five tests on fabric strips (weft embedded from fabric in
the weft direction under standard test conditions (100 mm fixa-
tion length and 1,000 mm/min extension rate) for each weave
structure.

The measurements were statistically analysed (mean value,
coefficient of variation) and the results of the mechanical prop-
erties of all samples embedded or extracted from the fabrics in
the warp and weft directions are summarised in Table 4.

Before analysing and studying the experimental results, we will
explain why there is a difference in the resistance of the yarns
extracted from the fabric. According to the values obtained
experimentally, there is a difference in the strengths of the
yarns extracted from the fabric (Table 4). To understand why
this difference exists, we need to compare plain weave and twill
4 x 4 weave. In the case of plain weave, the mean value of the
breaking force is 1,051 N, while in the case of twill 4 x 4 weave,
the mean value of the breaking force (N) is 1,170 N.

During the plain weave weaving process, the warp threads are
subjected to significant stress due to the repeated extensions
they undergo each time the weft threads are inserted. These
repeated lifting and slackening movements affect the strength
of the warp yarns. On the other hand, these repeated stresses
lead to material fatigue, which may eventually reduce the
strength of the warp threads in the long term.

Figure 2. Warps and weft extracted from fabric.
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Figure 3. Warp and weft not extracted from fabric.

In the case of twill weave 4, warp and weft wires are crossed
alternately, reducing direct tensile stress on the warp wires
compared to plain weave. Repeated stretching of the warp
threads is less pronounced in a twill weave of 4, as the warp
threads pass over several weft threads before changing position.
This reduction in direct tensile stress influences the strength of the
warp threads. Although the warp threads in a twill weave of 4 are
also subjected to stresses during the weaving process, these are
generally less severe than those encountered in a plain weave.

The same observation can be applied to the different weaving
modes, in warp or weft direction.

3. Analysis and study of experimental results

To gain a better understanding of the influence of weaves
on fabric tensile strength, we first studied changes in the fab-
ric’'s physical characteristics of the fabric, such as warp
and weft densities, mass per m?. Additionally, we examined
the evolution of strength tensile as a mechanical characteristic,
in order to establish a relationship between changes in
physical and mechanical properties. After arranging the textiles
by their thread density, weight, interlacing coefficient of the
weave, and average float length of the thread, Table 5 was
generated. From this table, it can be deduced that the physical
characteristics of the textile composition (yarn and weft densi-
ties, weight mass) vary based on the interlacing coefficient
of the weave and the average float length of the thread
intersection.

Upon examination of Table 5, it can be deduced that there
exists an inverse correlation between the weave interlacing
coefficient and the average float length thread in woven fabrics.
This indicates that an increase in the float length will lead to a
decrease in the number of intersections. The addition of inter-
sections could potentially diminish the spatial capacity for warp
and weft threads. If the desired density of warp or weft threads
has already been attained, or if the available space is restricted,
enhancing the number of warps per unit length may prove
unfeasible.

To elucidate the impact of weave structures on the physical
properties under investigation, the influence of the weave inter-
lacing coefficient, and the average float length thread will be
expounded upon approximately plain, 4-end sateen, and twill
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Table 5. Physical properties according to the weave structure

Code fabric Weave structures Weave Average float Warp Weft Weight (-
after interlacing length thread density density g/m?)
categorising coefficient (yarn/cm) (picks/cm)
6 Twill 4 x 4 right hand 0.34375 4.00 27.6 21.4 202.34
7 Warp-faced twill 6 x 2 0.34375 4.01 27.3 21.32 199.06
right hand
5 Warp-faced twill 7 x 1 0.34375 4.02 27.00 21.2 196.76
right hand
10 Warp-faced sateen de 8 0.34375 4.03 27.00 21.04 195.78
9 Warp-faced sateen de 8 0.34375 4.04 27.00 21.04 195.76
4 Twill 2 x 2 right Hand 0.625 2.00 26.8 20.2 191.00
8 4-end sateen 0.625 2.01 26.8 19.92 190.78
3 Warp-faced twill 3 x 1 0.625 2.02 26.6 19.88 190.3
right hand
2 Basket 2-2 0.50 2.03 26.6 19.84 188.66
1 Plain 1.00 1.00 26.0 19.00 184.92

4/4 weave structures, which encompass the three primary cate-
gories of weave structures.

For plain weave, a weave interlacing coefficient of 1 denotes
that all threads in the fabric are fully interlaced, without any
gaps or spaces between them. This results in a dense and
tightly woven fabric structure where both warp and weft threads
are fully interlaced with no gaps. Similarly, an average float
length thread of 1 indicates that there are no uninterrupted
sections of warp or weft threads without interlacing. Each
thread interlaces with its adjacent threads at every intersection
point, creating a consistent and uniform interlacement pattern
in which all warp and weft threads fully interlace without any
gaps. The value of these two factors led to obtaining the lowest
value for warp and weft densities 26 yarn/cm and 19 picks/cm.
Consequently, the warp and weft thread densities on the fabric
closely match the mechanical warp and weft thread counts.

In the case of the 4-end sateen weave, the weave interlacing
coefficient is determined to be 0.5000, which signifies a lower
density of thread interlacing in the fabric when compared to the
plain weave. A weave interlacing coefficient of 0.5000 implies
that only half of the threads are interlaced, while the remaining
half float above multiple warp or weft threads without inter-
twining. This particularity results in a unique pattern in which
the threads exhibit longer floats or uninterrupted segments
without interlacement. The average float length of 2 indicates
that there are typically longer uninterrupted segments of warp
or weft threads without interlacing in the 4-end sateen weave.

Consequently, this leads to a more prominent and conspicuous
float effect in the fabric, with extended floating segments in

contrast to the plain weave.

Due to these characteristics, the 4-end sateen weave exhibits a
different fabric structure compared to the plain weave. The
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value of these two factors led to the acquisition of the medium
value for the warp and weft densities 26.80 yarn/cm and 19.92
picks/cm.

In the case of the twill 4/4 weave, the weave interlacing coeffi-
cientis 0.34375, and the average floating length of the thread is
4. A weave interlacing coefficient of 0.34375 means that only a
portion of the warp and weft threads are interlaced in the fabric,
with most threads potentially floating over multiple adjacent
threads without interlacing. This results in longer float seg-
ments and wider gaps between the interlaced threads, leading
to a fabric structure that is more open and denser compared to
a fabric with a higher interlacing coefficient.

The average length of the float in a thread (4) indicates the pre-
sence of continuous segments of warp or weft threads without
intertwining. A single thread can extend over several neighbouring
threads before intertwining. Consequently, this leads to extended
floating segments and wider spaces between the interwoven
threads. As a result of these two factors, the highest warp and
weft densities of 27.60 yarn/cm and 21.40 picks/cm were achieved.

Consequently, it can be deduced that the configuration of a
woven structure plays a significant role in determining the den-
sities of warp and weft, which is influenced by the frequency of
interlacing and the length of floating threads within the repeat of
the weave patterns. An escalation in either warp or weft counts
signifies a greater number of respective threads per unit length
within the fabric. This, in turn, results in a higher concentration
of threads in the fabric, potentially leading to an increase in the
overall mass of the material. We analyse the mechanical prop-
erties following the analysis of the physical properties. After
classifying weaves made according to warp and weft strength
embedded or extracted from fabric in the warp and weft direc-
tion, we drew up Table 6 for the tensile test in warp directions
and Table 7 for tensile test in weft directions.
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Table 6. Average tensile strength values in the warp direction according to the weave structure

Mean value of the breaking Mean value of the breaking Difference %
force (N) of warp embedded force (N) of warp extracted
in the fabric from fabric
6 Twill 4 x 4 right hand 1,220 1,110 9.02
7 Warp-faced twill 6 x 2 1,201 1,093 8.99
right hand
5 Warp-faced twill 7 x 1 1,197 1,088 9.11
right hand
10 Warp-faced sateen 1,196 1,084 9.36
de 8
9 Warp-faced sateen 1,192 1,083 9.14
de 8
4 twill 2 x 2 right hand 1,186 1,077 9.19
8 4 end sateen 1,178 1,068 9.34
3 Warp-faced twill 3 x 1 1,175 1,068 9.1
right hand
2 Basket 2-2 1,171 1,064 9.14
1 Plain 1,165 1,059 9.10

Measurement of warp yarn resistance before weaving revealed
an average resistance value of 10.89 N. To compare the resis-
tance values of the warp yarns before and after weaving, we
calculated the resistance of different samples by multiplying the
value obtained by the number of warp yarns per 5 cm, as
detailed in Table 6. When comparing the resistance values of
the warp yarn strips before weaving with those of the warps
extracted from the fabric, the resistance values of the yarns
are higher than those of the yarns present in the fabric. This
is due to the damage suffered by the warp threads during the
weaving and warping operations.

During warping and weaving, the warp threads are subjected to
various stresses, including friction with the various components
of the weaving and warping machines. During warping, this
includes cup tensioners, thread guides, thread breakers, the
spanning reed, and the weaving reed. During weaving, there
is rubbing with the thread-breakers, heddles, and reed, as well
as repeated extensions during shed formation and settling of
the pick in weaving.

We compare the values between the warp strength still present
in the fabric and the strength of the warps removed from the
fabric as illustrated in the graph.

From Figure 3, it can be inferred that the average breaking
strength of the warp fibres that remain embedded in the fabric
exceeds the average strength of the extracted warp fibres. The
disparity between these two values is approximately 9%.

This discrepancy is probably due to the intertwining of the weft
and warp yarns within the fabric composition. When the warp
yarns are retained within the fabric structure, they are closely
interwoven with the weft yarns, offering added reinforcement
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and stability to the warp fibres. This intertwining aids in evenly
spreading tension and load across the warp yarns, leading to
increased breaking strength.

When the warp yarns are removed from the fabric, they lose the
support and reinforcement provided by their interlacing with
the weft yarns. Consequently, the breaking strength of the
extracted warp yarns is slightly decreased compared to that
of those still within the fabric. The difference of approximately
9% in breaking strength between the two scenarios demon-
strates the impact of fabric structure on the mechanical proper-
ties of warp yarns. This discovery underscores the importance of
considering the interlacing pattern and fabric construction when
evaluating the strength attributes of woven fabrics.

Measurement of the resistance of the weft wires before weaving
resulted in an average resistance value of 8.2 N. To compare the
resistance values of the weft wires before and after weaving, we
calculated the resistance of the different samples by multiplying
the value obtained by the number of weft threads per 5 cm strip,
as shown in Table 7.

When resistance values are compared between the wefts yarn
before weaving operation and the wefts extracted from the
fabric after weaving operation, the resistance values of the
yarns are slightly higher than those of the yarns extracted
from the fabric. This observation can be explained by slight
damage sustained by the weft yarns during the weaving opera-
tions at the pre-feeder, weft selector, and insertion system.

If we compare the values between the weft strength that
remains embedded in the fabric and the strength of the wefts
that have been extracted from the fabric, as shown in the graph,
it indicates that the mean breaking strength value of the weft
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Figure 4. Mean tensile strength value warp direction depending on warp density.

still embedded in the fabric exceeds the mean value of the
extracted weft. This observed 9% difference in values can be
ascribed to the intricate interlacing mechanism between the
weft yarns and the warp yarns within the fabric structure. The
weft yarns, while still embedded in the fabric, are closely inter-
laced with the warp yarns, thus offering enhanced support and
stability to the weft fibres. This interlacing process aids in the
uniform distribution of stress and load across the weft yarns,
leading to an increase in breaking strength.

The removal of weft yarns from the fabric results in a reduction
in the support and reinforcement they receive from their inter-
lacing with the warp yarns. Consequently, the break strength of
these extracted weft yarns is marginally lower in comparison to
that of those that remain integrated within the fabric.

The disparity of around 9% in break strength between these
two scenarios signifies the impact of fabric structure on the
mechanical attributes of weft yarns. This discovery under-
scores the need to consider the interlacing arrangement and
fabric composition when evaluating the strength properties of
woven textiles.

4. Discussion

After studying the physical properties, the results obtained
reveal significant variations in terms of the densities of the
warp yarn and the weft yarn. The densities of the warp yarn
vary from 26.0 to 27.6 yarns/cm, while those of the weft yarn
range from 19.0 to 21.4 wefts/cm. These variations have
allowed us to classify the weave structures in the order illu-
strated in Table 5.

Similarly, in the study of mechanical properties, the results
obtained reveal significant variations in terms of tensile strength
in both warp and weft directions. Tensile strengths in the warp
direction vary from 1,165 to 1,220 N, while those in the weft

http://www.autexrj.com/

direction vary from 840 to 957 N. These variations have allowed
us to have the same ranking of weave structures illustrated in
Tables 6 and 7.

These observed differences in densities and tensile strengths
led us to classify the weave structures in a consistent and
similar manner in Tables 5—7. The results of our study highlight
the critical importance of the weaving mode in determining the
tensile strength of fabrics, providing valuable information for the
selection and design of fabrics to meet the specific needs of a
variety of applications.

4.1. Mean tensile strength value warp direction depending
on warp density

The data we have collected, including a correlation coefficient
of 0.8944 and a linear regression equation of y = 36.068x +
218.96, offer insight into the association between thread count
and tensile strength within the dataset. A correlation coefficient
of 0.8944 signifies a robust positive correlation between thread
count and tensile strength. The linear regression equation y =
36.068x + 218.96 suggests that with each incremental increase
in thread count, the tensile strength sees an average increase
of 36.068 units. These findings highlight a substantial positive
connection between thread count and tensile strength, as
observed in the specific data set at hand (Figure 4).

4.2. Mean weft tensile strength value depending on warp
density

The values obtained, with a correlation coefficient of 0.9932
and a linear regression equation y = 46.849x—47.961, offer
valuable insights into the correlation between thread count
and tensile strength in the dataset. The correlation coefficient
of 0.9932 suggests a highly positive correlation between thread
count and tensile strength. This indicates that as the thread
count increases, the tensile strength also tends to increase
significantly. A correlation coefficient closer to 1 signifies a
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Figure 5. Variation in the physical properties according to the weave structure.

stronger relationship between the variables. The linear regres-
sion equation y = 46.849x — 47.961 further elucidates this asso-
ciation by stating that for each unit increase in thread count (x),
the tensile strength (y) increases by an average of 46.849 units
(Figure 5).

Using the values presented, one can infer that a strong and
positive relationship exists between thread count and tensile
strength within the dataset under consideration. As the thread
count increases, there is a corresponding increase in tensile
strength. However, it is crucial to bear in mind that these obser-
vations pertain solely to the given dataset, and broad general-
isations should be approached judiciously in the absence of
additional statistical scrutiny and a more extensive sample size.

5. Synthesis and conclusion of the study

To study the impact of weave structures on the tensile strength
of fabrics, a total of 200 fabric samples with different weaves
were produced. These samples were carefully designed and
manufactured under identical production conditions.

When examining the tensile strength, the results of our research
on fabrics confirm that the weave structure plays a significant
role in determining the warp and weft densities, which are influ-
enced by the number of interlacing points and the length of float
sections within the repeat of the weave pattern. When the warp
and/or weft countincreases, the warp and weft strength also tend
to increase. This difference can be attributed to the effect of
increased pick density, which leads to a greater number of inter-
lacements in the fabric. These interlacements contribute to the
overall strength of the fabric by creating greater mutual pressure
on the yarn and resulting in a better binding effect.

To comprehend the progression of tensile strength, we have

employed the weave interlacing coefficient and the average
float length. These factors quantify the level of interlacing
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between the warp and weft yarns. For fabrics with identical
production parameters, such as warp and weft thread count
and interlacing, these factors provide information on the evolu-
tion of yarns in fabrics and offer valuable information on the
development of tensile strength.

The research we carried out may have several significant impli-
cations for managers. Enhancing product quality: Managers
can improve the quality of final products by understanding the
impact of various binding methods on the tensile strength,
enabling them to make more informed decisions. Using the uti-
lisation of suitable binding techniques to meet tensile strength
requirements, the overall quality of the products can be elevated.
Optimisation of production processes: The results of our study
can also aid in optimising production processes. When identi-
fying the most efficient binding methods to increase the
tensile strength, managers can adjust manufacturing practices
to optimise product quality while reducing costs and waste.
Competitive differentiation: Managers can leverage their under-
standing of how binding techniques affect fabric tensile strength
to differentiate themselves from competitors. For example, if a
company can ensure superior tensile strength through specific
binding methods, it can establish a substantial competitive edge.

The future study might focus on the following topics, to name
a few.

Future research can examine how weave structures affect
other fabric attributes, such as air permeability, abrasion resis-
tance, and dimensional stability. This work focused on the
link between fabric tensile strength and weave structures.
Choosing and designing fabrics can greatly benefit from an
understanding of these interactions. The study specifically
looked at textiles made of 100% polyester. The study can be
expanded in the future to examine other types of fibres, such as
cotton, wool, or synthetic mixes, to see if the correlation
between fabric tensile strength and weave topologies is con-
sistent with various materials.
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Although plain, twill, sateen, and derivative weaves were
addressed in the study, many different weave structures can be
investigated. Future studies can examine how various weave struc-
tures, yarn counts and densities, and weave patterns affect the
tensile strength of fabrics.

In this study, the impact of weaving techniques on the tensile
strength was discussed. The effects of additional production
procedures, such as yarn spinning methods, finishing
touches, and dyeing procedures, on the tensile strength of
woven textiles can be further investigated in future studies.
A thorough understanding of fabric performance may be
obtained by understanding the combined impact of these
processes.
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