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ABSTRACT - REZUMAT

Comparison of sewn fabric bending rigidities: effects of different stitch types and seam
directions

Sewing quality is an important factor that contributes to the overall quality of an end-product. Sewing quality compro-
mises different components such as bending, seam strength, seam slippage, elasticity etc. Among these components,
bending has a special importance because of causing changes in appearance, sensorial comfort and drape of a
garment. Therefore, in this study, effects of stitch type and seam direction on the bending rigidities of sewn fabrics were
evaluated and compared. A polyester woven fabric which is suitable for sportswear was sewn with three basic stitch
types (lock stitch, chain stitch and overlock stitch), in 5 different directions (warp, weft, 30°, 45° and 60° angles). As
reference, samples without stitches were tested, too. Bending properties of samples were determined via heart loop
method. According to the results, sewing increased the fabric bending rigidity. The degree of bending rigidity increment
was dependent on the stitch type. Highest bending rigidity values were obtained for overlock stitched samples those
were approximately 4 times higher when compared to non-sewn reference samples. Thickness of sewn parts was in
accordance with the bending rigidity results. For oriented seams, bias sewing especially for 45° oriented samples,
showed the most advantageous bending results. This study showed the usability of heart loop method for sewn samples
via consistent results for different stitch types and seam directions.

Keywords: bending rigidity, heart loop method, sewn fabrics, stitch type, seam direction.

Analiza comparativa a rigiditatii la incovoire a asamblarilor prin coasere: influenta diferitelor tipuri de cusaturi
si a directiilor de coasere

Calitatea asamblarilor prin coasere este un factor important care contribuie la calitatea generala a unui produs final.
Calitatea asamblarilor prin coasere influentaza diferite caracteristici, cum ar fi rezistenta la incovoiere, rezistenta
cusaturii, elasticitatea etc. Printre aceste caracteristici, rezistenta la incovoiere are o importanta deosebitéd deoarece
influenteaza aspectul, confortul senzorial si drapajul unui produs de imbréacaminte. Astfel, in acest studiu, a fost evaluata
si comparata influenta tipului de cuséatura si directiei de coasere asupra rigiditétii la incovoiere a materialelor textile
asamblate. O tesatura din poliester care este destinata articolelor de imbracaminte sport a fost asamblata cu trei tipuri
de cusaturi de baza (cusédtura simpla, cusatura lant si cusatura de surfilare), in 5 directii diferite (urzeala, batatura,
diagonal cu unghiuri de 30°, 45° si 60°). Ca referintd, au fost testate si probe fara cuséturi. Rezistenta la incovoiere a
probelor a fost determinata prin metoda in bucld. Conform rezultatelor, asamblarea prin coasere determina cresterea
rigiditatii la incovoiere a tesaturii. Gradul de rigiditate la incovoiere depinde de tipul de cusatura. Valorile cele mai ridicate
ale rigiditatii la incovoiere au fost obtinute pentru probele asamblate prin cuséturd de surfilare, acestea fiind de
aproximativ 4 ori mai mari in comparatie cu probele de referintd necusute. Grosimea pieselor asamblate a fost
influentata similar cu rigiditatea la incovoiere. Cusaturile diagonale, in special pentru probele orientate la 45°, au
prezentat cele mai mici valori pentru rezistenta la incovoiere. Acest studiu a demonstrat utilizarea metodei in bucla
pentru probele asamblate, prin rezultate importante pentru diferite tipuri de cusaturi si directii de coasere.

Cuvinte-cheie: rigiditate la incovoiere, metoda in bucla, tesaturi asamblate, tip de cuséatura, directia de coasere

INTRODUCTION

Ready-to-wear end-products are obtained by sewing
(stitching), bonding, welding or pressing the fabrics
which were cut in certain dimensions and shapes [1].
Among the ready-to-wear assembling methods,
stitching with a sewing thread is the most common
and will have a continuing importance in the following
decades.
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Esthetical and in-use quality of a garment is mostly
determined by the fabric quality. In addition, sewing
quality is also an important factor that affects both the
esthetic and functional properties of the end-product
[2]. Sewing quality is related to seam appearance
and seam performance that have the components
such as seam strength, seam slippage, seam elastic-
ity and recovery, seam puckering, softness, drape
and resistance to abrasion [1, 3]. In the literature
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effects of stitch density, seam direction, sewing
thread properties, sewing thread tensions, sewing
needle fineness, fabric type, washing etc. on the
seam strength and seam slippage were studied,
widely [4-19]. On the other hand, bending rigidity is
another important factor that affects both the drape
and form of the sewn fabrics. In the literature, there
are some studies that evaluated the effects of stitch
density [20-21], sewing thread type, sewing needle
fineness [5], sewing thread tension [5], seam
allowance [21-23], seam placement [23], seam
direction (warp, weft, 45° bias) [24], fabric thickness
[22] and fabric type [20, 23] on the bending rigidity
and drape of the sewn seams. As known, there are a
variety of stitch types which can be preferred accord-
ing to the fabric type, purpose of usage and end-use
area. According to the knowledge of author, there is
not any study focusing on the bending rigidities of
fabrics sewn with different stitch types.

Generally, properties of sewn fabrics are tested in
warp and weft directions. In spite of this, in real gar-
ment production, fabric pieces are frequently sewn
together with different angles to warp or weft direc-
tions, as shown in figure 1.

Warp

Fig. 1. Oriented seam lines in different garment pieces [9]

Straight or curved seams can be formed in yokes,
darts, side seams, shoulders or armpits in different
directions for several garment models. Bending rigidi-
ties in these oriented seams may change and impair
the seam appearances by affecting the drape.
Therefore, in this study, seams at different directions
were formed and effect of seam direction on the
bending rigidities of sewn fabrics was evaluated, too.
By this way, the interaction of both seam direction
and stitch type on the bending rigidity of sewn fabrics
were evaluated. Also, different than the literature,
sewn fabric bending rigidities were determined by
heart loop method. Sewn samples form multilayer
structures along the seam lines, which contain 3 fab-
ric layers with the seam allowances. In addition,
some curviness are formed on the short edges of
samples because of the seams. These — curviness
on the short edge and multilayered structure of test
samples — may cause some mistakes during the
readings of cantilever stiffness test. It is known that
heart loop method can be used for the samples,
which are not appropriate to cantilever test. In this
study, to avoid from possible mistakes, heart loop
method was applied for bending rigidity measure-
ments of sewn samples instead of cantilever test.
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Overall, the aim of this study was to determine the
bending rigidities of sewn woven fabrics by heart loop
method and compare the results in terms of stitch
types and seam directions. For this purpose; lock
stitch (stitch type 301, 2 yarn), chain stitch (stitch type
401, 2 yarn) and overlock stitch (stitch type 504, 3
yarn) were selected as they are the most used stitch
types. These three stitches were sewn in 5 different
directions; namely, warp weft, 30° 45° and 60°
angles with weft direction. As the seam appearances
and seam allowances in face and back of the fabric
are different, bending rigidities of samples were
determined for both face and back of the fabric and
the mean bending rigidities for each sample type
were calculated.

MATERIALS AND METHODS

Materials

Materials of this study are consisted of woven
polyester fabric and polyester sewing thread. Woven
fabric properties are given in table 1. Sewing thread
is a Serafil fine (Amann Group) 100% polyester
sewing thread with ticket number 120.

Table 1

PROPERTIES OF POLYESTER FABRIC

Raw materia mulloment yorn
Woven fabric type Plain weave
Unit mass (g/m?) 79.8
Thickness (mm) 0.15

Weft density (threads/cm) 47

Warp density (threads/cm) 76

Methods
Sample preparation

For all seam directions and stitch types, stitch densi-
ty was fixed at 5 stitches/cm and seam allowances
were kept as 5 mm. After sewing, all the seams were
folded and ironed as shown in the back views in fig-
ure 2.

Samples were sewn with 3 main stitch types namely;
lock stitch, chain stitch and overlock stitch. To make
comparisons, reference fabrics with no seams were
tested for their bending properties, too. All the sam-
ples were sewn with straight seams in 5 directions.
These directions were consisted of warp, weft, 30°,
45° and 60° angles with weft direction. The experi-
mental plan of the study is given in figure 3. Sample
dimensions were selected as 2.5 cm x 25 cm accord-
ing to standard. In order to eliminate the tension dif-
ferences which may occur on the starting and finish-
ing ends of the sewn samples, samples were
prepared 10 cm longer than the last dimensions and
cut from each ends before testing. Seams were
placed in the middle of the samples along the longer
edges.
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preferred for the samples
which are unsuitable for
Sample . .
widih: cantilever method, which
- - 25mm | tend to curl or twist.

Reference (No stitch) Reference (No stitch) As the sewn fabrics have a

(back) (face) plied structure along the

seam line, cantilever method

Seam sample | May cause mistakes during

allowance _ width determining the bending
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allowance ; e width: | samples to the 2.5 cm wide
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Fig. 2. Face and back side appearances of sewn samples

EXPERIMENTAL DESIGN

Stitch type Reference fabric Lock stinch Chaun stirch Ovesbock stitch

- withous seam

Sesmdiraction | 3 B 2 5 8 R P2y BFEzass
e = * = B E R g Eead

Sample no 11 12 13 1415 16 17 18 19 20

Fig. 3. Experimental plan and sample codes

All the samples were conditioned before testing at
standard atmosphere conditions (20£2°C, 65+5%
relative humidity) for 24 hours after ironing.

Determination of the sample thicknesses

Thickness of samples’ sewn parts were determined
according to TS 7128 EN ISO 5084 [25] standard by
using James Heal RxB Cloth Thickness Tester. The
pressure during measurements was 5 gf/cm?2. 5 mea-
surements were taken for each stitch type and aver-
age values were calculated.

Determination of the bending rigidities — Heart loop
method

Heart loop method is based on calculating the bend-
ing rigidity of a fabric strip which is formed to a heart-
shaped loop and hung vertically under its own mass.
The length of the hung loop is measured and bend-
ing length and bending rigidity of the samples are cal-
culated via this measurement (ASTM D 1388-14
[26]). Application of the heart loop method is harder
than the cantilever method. But, heart loop method is
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Firstly, the back face of the
sample was in the outer
side of the loop during the
measurement. For the
second measurement of
the sample, face side of
the sample was in the
outer side of the loop. The
obtained loop lengths were
used to calculate the bend-
ing rigidities according to
equation 1. Bending length
(c), £,(8) and 6 were calcu-
lated according to equa-
tions 2, 3 and 4, respec-
tively [27]. For each stitch
type and seam direction, 4
samples were measured
according to standard.

Bending rigidity:

Fig. 4. Heart loop test
apparatus and sample

placement G = 1.421-105-w-c®
[pJoule/m] (1)

¢ =0.1337L - £,(8) [cm] 2)

f,(6) = (cos6/tan®)' (3)

6 =32.85-[(/-0.1337L)/(0.1337L)] [] 4)

L is strip length (cm), w — unit mass (g/m?2) and / — loop
length (cm).

RESULTS

Thickness results

Samples were consisted of fabrics sewn with lock
stitch, chain stitch and overlock stitch. Also reference
samples without stitches were measured, too. In the
sewn places, an additional thickness was occurred
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because of sewing threads and folded fabrics. These
thickness increments might contribute to bending
rigidity changes of the sewn samples.

Mean thickness values and standard deviations of
samples are given in table 2. Also, samples’ thick-
ness values are shown graphically in figure 5.

Table 2
THICKNESS OF SEWN PARTS OF SAMPLES AND
REFERENCE FABRIC
Mean Standard deviation
Sample
(mm) (mm)
Reference fabric 015 0.008944
(without seam)
Lock Stitch 0.65 0.040415
Chain Stitch 0.81 0.017321
Overlock Stitch 1.02 0.093229

According to test results given in table 2, thickness of
sewn parts of samples increased 4 to 7 times when
compared to reference fabric. Thickness of reference
fabric was 0.15 mm while thickness of lock stitched,
chain stitched and overlock stitched samples were
0.65, 0.81 and 1.02 mm, respectively. The overlock
stitch with the highest number of sewing threads
which covered 5 mm seam allowance, had higher
thickness when compared to lock stitch and chain
stitch.

Thickness, mm

Reference Lock stitch Chain stitch ~ Owverlock stitch

Fig. 5. Thickness values of samples

Bending rigidity and bending length results

Bending length of samples are given in table 3 and
figure 6, with respect to the face side, back side and
the mean of the two sides. Bending rigidities of face
and back sides of the samples represent the behav-
ior of bent garment from the outer and inner faces.

Bending lengths were between 1.18-2.10 cm for the
face of samples and 1.13-2.20 cm for the back of
samples. In general, bending lengths calculated for
face and back sides of samples were very close to
each other. When the mean values were calculated
for each sample by using the results of face and back
sides, the bending lengths were obtained between
1.16 and 2.15 cm for all samples. The bending
lengths were the lowest for reference samples and
highest for the samples sewn with overlock stitch

Table 3
BENDING LENGTH RESULTS OF SAMPLES BELONGING TO FACE AND BACK SIDES AND MEAN VALUES
Bending length (cm)
Sample FACE SIDE BACK SIDE MEAN
Mean St. Dev. Mean St. Dev. Mean St. Dev.
Warp 1.39 0.03 1.42 0.05 1.40 0.04
Weft 1.33 0.05 1.35 0.03 1.34 0.04
Reference fabric 30° 1.19 0.11 1.13 0.06 1.16 0.09
45° 1.18 0.06 1.21 0.00 1.19 0.04
60° 1.19 0.06 1.22 0.03 1.20 0.04
Warp 1.92 0.13 1.91 0.12 1.92 0.12
Weft 1.89 0.11 1.80 0.15 1.84 0.13
Lock stitch 30° 1.81 0.08 1.75 0.09 1.78 0.09
45° 1.59 0.11 1.51 0.03 1.55 0.09
60° 1.66 0.03 1.60 0.03 1.63 0.04
Warp 2.02 0.10 2.06 0.12 2.04 0.10
Weft 1.99 0.14 2.04 0.10 2.01 0.12
Chain stitch 30° 1.90 0.09 1.85 0.07 1.87 0.08
45° 1.58 0.05 1.51 0.15 1.54 0.11
60° 1.72 0.09 1.71 0.05 1.71 0.07
Warp 2.10 0.07 2.20 0.07 215 0.10
Weft 2.05 0.11 2.04 0.06 2.04 0.12
Overlock stitch 30° 1.82 0.07 1.69 0.11 1.76 0.08
45° 1.67 0.03 1.51 0.03 1.59 0.11
60° 1.71 0.06 1.71 0.05 1.71 0.07

industria textila

ﬂl

2020. vol. 71. no. 2




3.0

Bending length, em

0.0

W =
* I

“hain stitch

53

Reference

=
- =

WARP S
WARP S,

WEFT _
WARP —

Es:s
z

Lock stitch

£
z
C

® Face
® Back
Mean

Overlock stitch

Fig. 6. Bending lengths of samples

type. Highest bending lengths were obtained for the
samples in warp direction while lowest values were
obtained for the samples sewn in 45° direction.
Bending rigidities of samples are given in table 4.
Bending rigidities of samples were 1.85-10.51 pJ/m
for face of the samples and 1.65-12.08 pJ/m for the
back sides of the samples. As third power of the
bending length (equation 1) was used to calculate the
bending rigidity values, the differences between the
face and back sides of the samples were more promi-
nent for bending rigidities when compared to bending
lengths.

The mean bending rigidities

of all samples were between

1.80 and 11.30 pJd/m. The

. lowest bending rigidities

were obtained for reference

samples without sewing and

this is valid for all testing

directions (warp, weft, 30°,

45° and 60°). For sewn sam-

_ ples, bending rigidity values

g £ 5 i 3 were 2.2 to 4.2 times higher

: 2 when compared to reference

samples. As for the thickness

results, the highest bending

rigidities were obtained for

overlock stitched samples

and they were followed by

the chain stitched and lock stitched samples for all

directions. The increment of bending rigidities depen-

dent on the stitch type was higher for the samples
sewn in 30° direction.

Bending rigidity differences with respect to seam

direction were obtained similar for all stitch types

(lock, chain, overlock). For both reference samples

and sewn samples, highest bending rigidity results

were obtained in warp direction and they were fol-

lowed by the weft direction. For the bias sewing, the

lowest bending rigidity values were obtained for the

samples sewn in 45° direction. The samples sewn in

Table 4
BENDING RIGIDITY RESULTS OF SAMPLES BELONGING TO FACE AND BACK SIDES AND MEAN VALUES
Bending rigidity (uJ/m)
Sample FACE SIDE BACK SIDE MEAN
Mean St. Dev. Mean St. Dev. Mean St. Dev.
Warp 3.04 0.18 3.23 0.36 3.14 0.28
Weft 2.70 0.32 2.78 0.20 2.74 0.25
Reference fabric 30° 1.94 0.50 1.65 0.25 1.80 0.40
45° 1.85 0.27 1.98 0.00 1.92 0.19
60° 1.92 0.27 2.06 0.15 1.99 0.22
Warp 8.15 1.63 7.97 1.43 8.06 1.42
Weft 7.66 1.34 6.67 1.65 7.16 1.49
Lock stitch 30° 6.74 0.82 6.07 0.97 6.41 0.91
45° 4.61 1.01 3.91 0.24 4.26 0.78
60° 5.15 0.25 4.68 0.23 4.91 0.34
Warp 9.44 1.36 10.00 1.66 9.72 1.44
Weft 8.98 1.88 9.62 1.43 9.30 1.59
Chain stitch 30° 7.79 1.13 717 0.85 7.48 0.98
45° 4.46 0.43 3.99 1.20 4.22 0.87
60° 5.80 0.90 5.65 0.48 5.73 0.67
Warp 10.51 1.09 12.08 1.14 11.30 1.33
Weft 9.81 1.60 9.59 0.87 9.70 1.20
Overlock stitch 30° 6.88 0.74 5.56 1.05 6.22 1.10
45° 5.27 0.28 3.91 0.24 4.59 0.76
60° 5.66 0.65 5.65 0.48 5.66 0.53
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From the literature, it is
known that chain and over-
lock stitches are more flexible
stitch types than lock stitch
[1, 3]. These contrary results
in bending rigidity may be
related to sewn places’ thick-
nesses. Bending rigidity
results was in accordance
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Fig. 7. Bending rigidities of samples

30° angle had higher bending rigidities when com-
pared to samples sewn in 60° angle. The bending
rigidity differences for different directions may be
related to crimp ratios and the mechanical properties
of the warp and the weft yarns [28].

DISCUSSION

In this study, thickness and bending rigidities of sewn
samples were determined and results were com-
pared with respect to stitch type and seam direction.
At all, 3 different stitch types (lock, chain and over-
lock stitches) and 5 different seam directions (warp,
weft, 30°, 45° and 60°) were formed and 20 different
samples were obtained including reference samples.
Bending rigidities of samples were determined via
heart loop method as an alternative to cantilever
method.

According to results, sewing increased the fabric
bending rigidity for all stitch types and seam direc-
tions. Among the sewn samples, bending rigidity was
the highest for overlock stitched samples and it was

higher the bending rigidity was

obtained from the samples.

The orientation of the seams
affected the bending properties. Seams in bias direc-
tions exhibited lower bending rigidity results. This
indicates that, bias sewing may help to improve the
appearance, drape and mobility comfort of an end-
product by lowering the bending rigidity.
In this study, bending rigidity values were calculated
for both face and back sides of the samples, individ-
ually. Then the mean bending rigidities were calculat-
ed for each sample type. According to the results,
bending length and bending rigidity values were very
close to each other for the 2 sides. The order of the
bending rigidity values did not change with respect to
face or back of the samples.
Overall, this study helps to understand how the bend-
ing behaviors of sewn samples change with respect
to different stitches and seam directions. Also, the
usability of heart loop method is shown by consistent
results of systematically produced samples. This
study is limited by the base fabric which is a very thin
woven fabric suitable for sportswear. The study may
be extended by using thicker fabrics and sewing
thread types for other application areas.
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