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Abstract

Elastane containing denim fabrics which are known as “blue jeans”
have always been popular. Denim fabrics are woven with white
elastane-cotton weft yarns and 100% cotton indigo dyed warp
yarns. The most distinctive feature of denim fabrics is those warp
yarns’ indigo color fading after washing processes which enhance
the denim fabrics having unique structures. The elastane amount
in the weft yarns determines the flexibility ratio of the denim fabric
with its high recovery property. This study aims to investigate the
denim fabrics produced at three different weft and warp density
with different yarn counts and elastane ratios in terms of tenacity
and stretching properties (elongation, permanent elongation, elastic
recovery) considering the washing cycles of 0, 5 and 15. Three
different denim fabrics with 100% cotton warp yarns and cotton-
elastane weft yarns were produced at the weft densities of 23,19,
24 (pick/cm) and at the warp densities of 33, 28 and 35 (end/cm)
with three different elastane percentages of 4%, 1% and 2.5%
respectively. The 2/1 twill denim fabrics were produced on dobby
weaving machine. Home laundry process was applied at 30°C for 40
minutes by using 20 ml/kg standard reference detergent containing
5%-15% anionic surface active agents, <0.5% non-anionic surface
active agents, soap, enzyme, preservatives and perfumes. Home
drying process was applied for 40 minutes after each washing cycle.
In order to evaluate the mechanical properties such as breaking
tenacity and stretching; the testing devices of Shimadzu and Fyrma
fabric extensometer devices were used. As a conclusion tensile and
stretching properties of three different denim fabrics varied with the
washing cycles.
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Introduction

Elastane containing denim fabrics commonly known as ‘blue jeans’
have always been popular for casual wear. Denim fabric comprises of
white elastane-cotton weft yarns and 100% cotton indigo dyed warp
yarns. The most distinctive feature of denim fabrics is those warp
yarns’ indigo color fading after the washing processes which actually
determines the denim fabrics’ unique structures. Denim fabrics’ weft
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yarns are usually produced with the core spun yarns where there is an
elastomeric filament in the core and the staple fibers locating around
it. Consequently, the resultant fabric has all the characteristics of the
predominant staple fibre together with elastane’s unique stretching
and recovery property. Elastane amount in the weft yarns determines
the flexibility ratio of the denim fabric with its high recovery property
[1-2]. There are some early literatures related to investigation of denim
fabrics’ mechanical properties of tenacity, stretching, dimensional
stability, abrasion resistance...etc. as well as the influence of some
special physical and chemical processes such as sanding, sand
spraying, brushing, embroidering, rinsing, stone washing, sand
washing, snow washing, stone washing with enzymes, and bleaching
[3-6]. Ozdil et al. [3] evaluated the stretch and bagging properties of
denim fabrics containing different rates of elastane. After evaluating
the mechanical properties such as tensile and tearing strength,
bending rigidity, stretching (elongation, maximum elongation,
permanent elongation, elastic recovery) and bagging characteristics,
they found that increasing the amount of elastane usage in denim
fabric offers enhanced comfort properties. Adanur et al. [4]
investigated the effect of yarn count, twist multiplier, hairiness,
friction coefficient and other yarn properties on denim fabric
properties. They found that all these yarn parameters influenced
the filling tension hence the denim fabric properties such as fabric
weight, thickness, air permeability, dimensional stability, abrasion
resistance, drapability, stiffness, wrinkle recovery, tear strength and
tensile strength. Ozguney et al. [5] investigated the effects of laser
beam on the physical properties of denim fabrics such as tensile
strength, tear strength, abrasion resistance and static, kinematic
friction coefficients were investigated in order to determine the
optimum process conditions. Tarhan et al. [6] analyzed the effect
of fading methods such as sand-blasting, laser and washing on
performance properties of denim products. They concluded that
fading methods decreased tensile strength and weight values
and the decrement ratios varied with the intensity and pressure
of fading methods. This study aims to contribute to literature by
investigating the denim fabrics produced at three different weft
and warp density with different yarn counts and elastane ratios in
terms of tenacity and stretching properties (elongation, permanent
elongation, elastic recovery) considering the washing cycles of 0,
5and 15.

Materials and Methods

3 different denim fabrics with 100% cotton warp yarns and cotton-
elastane weft yarns were produced at the weft densities of 23,19, 24
(pick/cm) and at the warp densities of 33, 28 and 35 (end/cm) with
three different elastane percentages of 4%, 1% and 2.5% respectively.
The 2/1 twill denim fabrics were produced on dobby weaving machine.
Home laundry process was applied at 30% for 40 minutes by using the
20 ml/kg standard reference detergent containing 5%-15% anionic
surface active agents, <0.5% non-anionic surface active agents, soap,
enzyme, preservatives and perfumes. Home drying process was
applied for 40 minutes after each washing cycle. All fabric samples
were conditioned for 24 hours in standard atmospheric conditions (at
a temperature of 20 + 2 °C and relative humidity of 65 + 2%). Table 1
displays the experimental design of the study.
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In order to evaluate the mechanical properties of breaking
tenacity and stretching; the testing devices of Shimadzu and Fyrma
fabric extensometer devices were used respectively. Both for tensile
and stretching tests were evaluated for the non-washed denim fabrics,
for the denim fabrics applied to 5 washing cycles and for the denim
fabrics applied to 15 washing cycles. By using Shimadzu device;
breaking tenacity and breaking elongation (%) values of denim fabrics
in weft and warp wise were obtained following the standard of EN ISO
13934-1 (Figure 1). Test parameters were adjusted as 200 mm gauge
length, 200 cN pretension and 100 mm/min test speed for all fabric
samples. The samples were fringed for 0.5 cm from the sides before
the test is conducted (Figure 2).

Fyrma fabric extensometer is a stretch testing instrument for
determining the stretching ratio (%), permanent stretching ratio
(%) and elastic recovery properties according to test standard of BS
14704-1 (Figure 3(a) and 3(b)). The fabric specimens of 75 x 85 mm
were prepared and placed so that weft yarns of the fabrics were in
the longitudinal direction. It is worth to emphasize that the fabric
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specimens should be cut with considering the fringing area which
does not let any yarn separating from the fabric during the test.

Stretching ratio (%) was obtained as the ratio of extension of the
test specimen to its initial length expressed as a percentage after 10
seconds. For the permanent stretching calculation; the specimens
were marked 5 cm inside the short edge of the fabric and a 6 kg of
load was applied for 2 hours (Figure 4). At the end of 2 hours, the
fabrics were exposed to relaxation for one minute and the permanent
stretching was calculated. For the woven fabrics, the permanent
stretching percentage shouldn’t be more than 3%; otherwise bagging
may occur in some parts of the clothes even during normal wearing
conditions [3]. The fabrics exposed to permanent stretching test were
released for 30 minutes and the shortening distance of marked points
were calculated to obtain the elastic recovery ratios (%).

Results and Discussion

Considering the tensile results, it has been found that there was
a decrement trend in breaking tenacity value (N) of denim fabric

Table 1: Experimental design.

Fabric code |Warp yarn count (Ne) Weft yarn count (Ne) Warp density (warp/cm) Weft density (weft/cm) Elastane percentage (%) in denim fabrics
A 14 -18 18 33 23 4

B 10 12 28 19 1

[ 14 18 35 24 25

Figure 1: SHIMADZU Tenstile Tester.

Figure 2: The fringed samples prepared for SHIMADZU Tensile Test.

Figure 3(a): FRYMA Fabric Extensometer Device (SDL Atlas).
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Figure 3(b): Diagrammatic representation of FRYMA Fabric Extensometer Device.

Figure 4: Fabric sample inserted in the FRYMA device and the load applied during the stretching tests.

“A” as the washing cycle increased in weft and warp wise (Figure 5).
Regarding the denim fabric of “B”; a decrement trend was observed
in warp wise as the washing cycle increased however there was not a
general trend for the breaking tenacity values in weft wise regarding
to washing cycles. When considering the denim fabric groups of C,
there was not any prominent change in the breaking tenacity values
(N) in warp wise regarding to washing treatments but a decrement
trend was found in breaking tenacity values (N) in weft wise as the
washing cycle increased. When considering the breaking elongation
values (%); there was an increment trend for all denim fabrics’ (A, B,
C) breaking elongation value (%) in weft wise as the washing cycle
increased (Figure 6). There was also an increment trend of breaking
elongation values (%) of denim fabric groups of B, C as the washing
cycle increased however breaking elongation values (%) of fabric
groups of A exhibited some fluctuation according to washing cycles
in warp wise.

The stretching ratios (%) of denim fabric groups of A, B and C
increase as the washing cycle increased. The minimum stretching
ratios (%) were observed on non-washed denim fabrics whereas
the maximum stretching ratios (%) were found on denim fabrics
treated with 15 washing cycles (Figure 7). Similar results were
observed for the permanent stretching ratios (%) as well (Figure
8). The elastic recovery ratios (%) of A, B, C denim fabric groups
exhibited some fluctuation regarding to washing cycles (Figure 9).
For the denim fabric groups of A and B, highest elastic recovery
ratios (%) were observed on the non-washed denim fabrics
however there was a sharp decrease of recovery ratios (%) for the
5 cycle washed fabric groups of A, B and C. An increment was
observed again as the washing cycle increased to 15 where the
results were slightly lower when compared with the non-washed
denim fabrics’ elastic recovery ratios (%).
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Figure 5: Breaking tenacity of denim fabrics (N).
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Figure 6: Breaking elongation values of the denim fabrics (%).
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Figure 7: Stretching ratios in weft direction (%).
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Figure 8: Permanent stretching ratios in weft direction (%).
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Figure 9: Elastic recovery ratios (%) in weft direction.

Conclusion

It has been found that three different denim fabrics with 100%
cotton warp yarns and cotton-elastane weft yarns produced at different
warp and weft densities with three different elastane percentages of
4%, 1% and 2.5% generally revealed an increasing trend in terms of
breaking tenacity as the washing cycle increased where they generally
revealed a decreasing trend in terms of breaking elongation values (%)
regarding to washing cycle. Considering the stretching properties,
higher values for stretching ratios (%) and permanent stretching
ratios (%) of denim samples were obtained as the washing cycle
increased whereas there was a fluctuation observed for the elastic
recovery ratios (%) regarding to washing cycles. This study is
thought to be useful for the new studies concerning the influence
of washing cycles on denim fabrics’ mechanical properties.
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