
In this paper, strength-generation mechanism of yarn interaction within woven fabrics
is discussed and it is shown that the yarn pull-out test is an effective method to exam-
ine some of the mechanical properties of fabrics. The nature of internal frictional force

is mainly related to yarn interaction at warp and weft crossing points. Since enzymatic
hydrolysis removes most of the surface fibres and pills and protruding fibres are mainly
removed due to mechanical action during bio-polishing process, it is demonstrated that
the finishing treatments especially bio-polishing causes the yarn interactions to be local-
ized mainly on the weft and warp crossing points. Also, it was observed that the correla-
tion between static and dynamic pull-out forces, intensity-generating mechanism of yarn
interaction within the fabric, and the fabric mechanical properties (fabric shear hysteresis
and bending hysteresis) are improved by bio-polishing.
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Information on the yarn pull-out
force from a woven fabric is avail-
able in literature [1-10]. Yarn pull-
out test from the under tension fab-
ric is potentially a useful objective
method to investigate internal forces
[10]. In the previous article [10], the

periodicity of stick-slip motion of
pull-out force was shown by using
an autospectral density function.
Out of the frequency information,
the researchers could easily obtain
high correlation between pull-out
characteristics and the yarn irregu-
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larity. Recently a theoretical modelling has been used
to analyze the behaviour of yarn pull-out forces [11].

According to this model the releasing and vibrating
of orthogonal yarns during actual movement of the
yarn pull-out was demonstrated.

In this paper the effect of finishing treatments on
the distribution of strength-generation mechanism of
yarn interaction for cotton fabrics with different weft
yarns are discussed. The weft yarns were commercial
cotton yarns produced by the carded, combed, open-
end, air-jet and core-spun systems.

Also, the correlation between yarn pull-out charac-
teristics (static force, dynamic force and intensity of
interaction force) and mechanical properties of the fab-
ric (tensile resilience, fabric shear hysteresis and bend-
ing hysteresis) is studied.

EXPERIMENTAL

Specimens
Our investigation included five plain woven fabrics
with a constant densities of weft yarn sett, i.e. 19
picks/cm and 28 ends/cm for warp yarn sett. The warp
yarn was cotton/polyester (65/35) with a linear density
of 26/1 tex. The weft yarns with a linear density of 28/1
tex were commercial cotton yarns produced by the
carded, combed, open-end, air-jet and core-spun sys-
tems. These yarns were the same as those used in pre-
vious works [12-14]. The fabrics were coded with the
spinning names.

Finishing Treatments
First, desizing treatment with amylase enzymes was
carried out on the gray fabrics. These fabrics were
coded control samples.

After scouring, bleaching with hydrogen peroxide
was carried out on half of the samples and these were
coded as bleached samples. Finally enzymatic hydroly-
sis with 1% (owf) cellulase at 55°C was carried out for
60 min and these fabrics were coded as hydrolyzed
samples.

Apparatus and Nomenclature
A modified tensile tester was used to measure the pull-
out force and is illustrated in Figure 1. The details of
pull-out process are explained in the previous paper [10].

Figure 2 shows a typical graph of the pull-out force
as a function of distance. The maximum value of pull-
out force corresponds to the maximum static frictional
force (Fs). The dynamic frictional force (FD) is obtained
by averaging of stick-slip motion at the certain dis-
placement [13] as follows:

where, k, Ls and n are the certain displacement, static
length and number of thread-crossing points, respec-
tively.
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Figure 1. A Schematic graph of a tensile tester for the carry-

ing of pull-out process.

Figure 2. Typical curve of pull-out force versus displacement.
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Autospectral density parameters (wavelength and
intensity) were calculated from 512 data by Fast
Fourier Transforms (FFT) of stick-slip motion [10].
The wavelength corresponds to the resistance towards
movement of the pull-out yarn which is provided by the
yarn interaction at the crossing points. The amplitude
of the autospectral density (SD) is proportional to the
intensity of the yarn pull-out forces and it is obtained
by the area of the region bounded by the spectral curve
and frequency axis [13]. 

Mechanical tests, i.e. tensile resilience, bending
hysteresis and shearing hysteresis have been carried out
according to the testing procedure presented in refer-
ence [15]. 

All the experiments were performed at 20±1°C
with 65±3% relative humidity. For every sample the
experiments were repeated according to the statistical
methods [16].

RESULTS AND DISCUSSION

Autospectral Analysis
Figures 3a, 3b and 3c represent typical autospectral
density of stick-slip motion of the weft pull-out, for
carded control, bleached and hydrolyzed samples,
respectively. Figures 3a and 3b show several peaks,
whereas in Figure 3c only one broad peak is observed.
In Table 1 values of Fs, FD and area SD are given for
each sample. According to these results, these values
have been increased in finished samples compared to
control samples and its increment is greater in the case
of hydrolyzed samples. These results indicate that fin-
ishing treatments especially enzymatic hydrolysis
cause intensity of autospectral density to increase on
the prominent peak, whereas the amplitude of other
peaks is reduced.

The increment of these parameters in hydrolyzed
samples in comparison to control samples goes back to
the nature of finishing treatment. Since hydrolysis
process removes surface fibres, also pills and protrud-
ing fibres are removed due to mechanical action during
bio-polishing   process, so yarn interactions within fab-
ric are intensified on the crossing points. In other word,
in control samples, yarn interaction is distributed along
the yarns, whereas in hydrolyzed samples it is localized
only on the weft and warp crossing points. The decrement in tensile resilience in finished sam-

Effects of Finishing Treatments on the Distribution of ...Hosseini Ravandi S.A. et al.

Iranian Polymer Journal / Volume 13 Number 4 (2004) 271

Figure 3. Typical autospectral   density of stick-slip motion of

pull-out  force: (a) carded control sample; (b) carded

bleached sample; and (c) carded  hydrolyzed sample.
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ples compared to control samples is generally observed
in all samples except for core-spun samples. The reason
of this decrement may be due to the nature of hydroly-
sis finishing that localizes yarn interaction on the weft
and warp crossing points so during pull-out process the
plastic deformation has occurred. This behaviour caus-
es yarn slippage from crossing points, whereas recov-
ery of yarn interaction to primary positions is prohibit-
ed. The increment in tensile resilience of core-spun
samples is related to the attenuation of sheath during
hydrolysis finishing, which causes core with polyester
materials offers a better elasticity.

The resu1ts of correlation analysis between SD, Fs,
FD, and mechanical properties of fabrics are given in
Table 2. As shown in this table, there are better correla-
tions for both bending and shearing hysteresis in
hydrolyzed samples. It is noticoable that there is direct
correlation between the fabric shear and bending hys-
teresis with the internal forces (positive coefficient) in
hydrolyzed samples, whereas in control samples these
have changed to indirect correlation (negative coeffi-

cient) and this is in agreement with work carried out by
Pan [1]. This can be explained by the fact that internal
forces are mainly determined by yarn pull-out behav-
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Table 1. Internal force parameters and fabric mechanical properties.

(*) n.c.p: Number of crossing point; (**) Control; (***) Bleached; (****) Hydrolyzed and 2HG: Shearing hysteresis; 2HB: bending hys-

teresis and RT: tensile resilience.

Sample Fs

(gf/n.c.p*)

FD

(gf/n.c.p*)

SD Normalized

autospectral density
2HG (g/cm) 2HB (g.cm) RT (%)

Com c**

Com b***

Com h****

2.41

2.71

2.88

1.09

1.19

1.27

3.58

5.30

6.12

1.36

1.71

1.97

0.732

0.782

1.094

58.88

54.18

50.40

Card c

Card b

Card h

2.94

3.16

3.23

1.02

1.01

1.35

3.28

3.51

5.60

1.44

1.55

1.78

0.686

0.872

0.897

56.40

50.70

46.82

Core c

Core b

Core h

2.28

3.2

3.36

1.43

1.86

1.96

1.99

3.90

4.41

2.78

2.65

2.40

1.045

1.011

0.998

54.76

60.52

60.92

Open c

Open b

Open h

4.23

5.14

5.34

3.37

3.93

4.16

1.29

2.88

6.99

1.39

1.52

1.94

0.668

0.935

1.059

56.44

49.36

44.92

Air c

Air b

Air h

5.24

5.67

6.70

3.41

3.73

3.85

9.74

12.54

22.43

1.47

2.21

2.70

0.854

1.096

1.374

53.66

48.66

46.22

SD: Autospectral density; 2HG: Shearing hysteresis; 2HB: bending hysteresis;

RT: tensile resilience.

Table 2. Correlation between internal force parameters and

fabric mechanical properties.

Parameters SD 2HG 2HB RT

FS Control

Bleached

Hydrolyzed

0.660

0.568

0.852

-0.459

0.010

0.605

-0.206

0.709

0.796

-0.553

-0.657

-0.507

FD Control

Bleached

Hydrolyzed

0.404

0.419

0.593

-0.267

0.055

0.429

-0.091

0.660

0.605

-0.519

-0.505

-0.450

SD Control

Bleached

Hydrolyzed

-

-

-

-0.283

0.347

0.739

0.136

0.605

0.924

-0.513

-0.369

-0.414
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iour and this behaviour is mainly determined by yarn
mobility within the fabric through parameters such as
SD, FS and FD, and these are related to nature of yarn
interlacing, which is what shearing hysteresis just rep-
resents. 

Since, the nature of pull-out characteristics goes
back to shear properties of fabric so the finishing treat-
ments do not have any influence on the relation of ten-
sile resilience with them. As it is already mentioned
above, due to bio-polishing, yarn interactions are local-
ized only on warp and weft crossing points and recov-
ery is decreased, so the correlations are slightly higher
for control samples.

CONCLUSION

Since nature of internal frictional force is related to
yarn interaction at crossing points, so the yarn pull-out
test is a very effective way to examine fabric proper-
ties. The procedures developed in this work demon-
strate the importance of internal frictional forces and
also its connection with fabric mechanical properties.
The results show that due to enzymatic hydrolysis, yarn
interaction within fabric is localized on the weft and
warp crossing points. The results also show that corre-
lation between internal forces and fabric mechanical
properties (shearing and bending hysteresis) is
increased due to bio-polishing.
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