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ABSTRACT 

Fabrics are cut and sewn to form 3-dimensional end-products. Bending rigidity is one of the 

properties that should be interpreted for sewn fabrics as it can affect drape, appearance and sensorial 

comfort of a garment. In the literature, there are several methods to measure the bending behaviours 

of fabrics. Parallelly, a variety of tests were employed for bending rigidity of sewn samples but their 

comparability for sewn samples are not known. In this study, 3 simple and standard test methods were 

used to compare the bending behaviours of fabrics with plied edge seams. For the tests, a sample set 

was prepared by using plain and twill woven polyester fabrics those were suitable for casual wear and 

sportswear. The fabrics were sewn with 3 different stitch types using 2 different stitch densities. 

Analysis results showed that, circular bend method had no or low correlation with cantilever and heart 

loop methods. Also any difference between the different types of sewn samples could not be detected 

by this method. In contrast, results of cantilever and heart loop methods showed low to moderate 

positive correlations for the bending lentghs and bending rigidities of samples. 
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1. INTRODUCTION 

 

Fabrics are assembled together to form three dimensional 

textile products such as garments, upholsteries and 

technical textiles. The most common technique in 

assembling fabrics is stitching with a needle and sewing 

thread. The other but less used techniques consist of 

welding, bonding and pressing [1, 2]. 

When compared to two-dimensional planar fabric, a sewn 

article always shows different properties in terms of 

strength, appearance, drape, bending etc. This is caused 

because of cutting the fabric according to patterns and 

sewing it with respect to the models. This results with 

property discontinuities along the seam lines. On the other 

hand, even sewing the same fabric, the properties may 

change according to the sewing variables such as stitching 

type, stitch density, seam direction, sewing thread 

properties, thread tensions etc. [2, 3]. Therefore, in the 

literature, there are many studies searching the effects of 

sewing parameters. Most of these studies focused on the 

seam strength and slippage of sewn fabrics [4- 21]. 

In addition to the seam strength and seam slippage, there 

are other quality components of a sewn fabric such as 

bending rigidity, seam puckering and resistance to abrasion 

[1, 2]. Among all these properties, bending behaviour has a 

different importance for a sewn fabric, as it affects both the 

quality, drape [2, 22] and appearance [3]. A seam with a 

low bending rigidity is accepted as a more draped and 

softer seam. It can take form easier and affect the 

appearance positively [1]. However, from the literature, it is 
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known that sewing increases the bending rigidity of the 

fabric, importantly [23, 24]. Bending rigidity of sewn 

fabrics were studied in the literature, in which the effects of 

stitch density [24, 25], sewing thread type [24], sewing 

needle fineness [5], sewing thread tension [5], seam 

allowance [24, 26, 27], seam placement [27], seam 

direction [23, 28], fabric thickness [26] and fabric type [25, 

27] were determined. When the literature is analysed in 

details, it can be said that, different methods such as 

cantilever based methods (Shirley, Flexometer, FAST 

(Fabric Assurance through Simple Testing) instruments) 

[24-27, 29], heart loop method [23] and KES-F 

(Kawabata’s Evaluation System of Fabrics) [28, 30] were 

employed to determine the bending lengths and bending 

rigidities of sewn samples. In addition, there is a variety of 

test methods, which were used to determine the bending 

behaviour of unsewn fabrics [31-33]. Despite the fact that 

there is a continuous popularity of comparative studies on 

different bending test methods for unsewn fabrics [34-42] 

till the first development of fabric bending measurement by 

Pierce in 1930 [43], according to the knowledge of the 

author, any studies have not been performed to compare the 

results of bending rigidites of sewn fabrics obtained by 

different test methods. 

Apart from the unsewn fabrics, comparison of bending test 

methods for sewn fabrics is also essential. Because, when a 

fabric is sewn from its edge with another one, a multilayer 

structure forms along the seam line. This makes an extra 

thickness when compared to flat, one ply fabric. Both this 

increased thickness and plied structure of the seam can lead 

to differences in different bending tests and cause 

misreadings. Therefore, within the context of this study, a 

set of samples were formed by stitching woven polyester 

fabrics with different parameters and tested for their 

bending rigidities to compare the results for cantilever, 

heart loop and circular bend methods. These methods were 

selected as all cantilever, heart loop and circular bending 

methods are standard methods and applicable without 

complex and expensive test devices. Also, there is not any 

study in the literature comparing all these three simple 

methods together, even for unsewn fabrics. The correlations 

between different test results were determined to compare 

the methods. For this study, woven polyester fabrics those 

were suitable for casual and sportswear were used as the 

base fabrics. The results of this study may contribute to the 

research studies in this field and may be benefical for the 

quality control tests of ready-wear companies. 

2. MATERIALS AND METHODS 

2.1 Materials 

Materials of this study were polyester sewing thread (PET) 

and woven polyester fabrics with plain and twill weaves. 

Sewing thread was a 3-ply 100 % PET yarn with 120 ticket 

number. Properties of woven fabrics are given in Table 1. 

2.2 Methods 

2.2.1 Sewing of samples 

Sewn samples and reference samples without stitches were 

prepared and tested for their bending rigidities. For sewing; 

lock stitch (stitch type 301, 2 yarn), 3-yarn overlock stitch 

(stitch type 504, 3 yarn) and 5-yarn overlock stitch (stitch 

type 516, 5 yarn) were used. These stitches were selected as 

they are used widely for garment production, especially for 

edge finishing and side seaming of woven fabrics. Samples 

were sewn with 3 and 5 stitches/cm stitch densities.  

The seam preparation for lock stitched, 3-yarn overlock 

stitched and 5-yarn overlock stitched samples are shown in 

Table 2. Firstly, 2 plies of fabrics were sewn together from 

one of their longer edges. The seam allowances were 8 mm 

for lock stitched and 5-yarn overlock stitched samples, and 

4 mm for 3-yarn overlocked stitched samples. After sewing, 

the fabric plies were opened as shown in the bottom row of 

Table 2. The seam allowances were folded in the back side 

of fabric (Figure 1.a), and the samples were ironed. A 3-ply 

structure was formed along the seam lines containing the 

base fabric and seam allowances. After sewing and ironing, 

the samples were cut in the desired dimensions according to 

standards, to leave the seam lines in the middle of the 

samples along the longer edges. The test directions and 

seam replacements on samples are given in Figure 1.b. 

Before testing, all the samples were conditioned at standard 

atmosphere conditions (20±2 ºC temperature, 65±5% 

relative humudity). To eliminate the tension differences 

those might occur on the ends of the sewn samples, samples 

were prepared 10 cm longer than the last dimensions and 

cut from each ends before testing. Experimental design and 

sample codes are given in Figure 2. 

 

 

 

Table 1. Fabric structural properties 

Fabric 

type 
Weave 

Unit 

mass 

(g/m2) 

Thickness 

(mm) 

Warp 

density 

(warp/cm) 

Weft 

density 

(weft/cm) 

Warp 

count 

(denier) 

Weft 

count 

(denier) 

Warp 

twist 

(tpm) 

Weft 

twist 

(tpm) 

Yarn type 

Plain 

weave 

Plain 82 0.24 80.2 32.7 50 75 600 1200 Multifilamen

t 

Twill 

weave 

3/2 right 

hand twill 

93 0.32 82.0 43.5 50 75 600 1200 Multifilamen

t 
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Table 2. Formation of stitches 

STITCH TYPE LOCK STITCH 3-YARN OVERLOCK STITCH 
5-YARN OVERLOCK 

STITCH 

Cutway view of seam  

(2-ply fabric and seam 

along one of the long 

edges) 
 

 
 

Cutway view of seam  

(Open seam) 
  

 

( *         represents fabric                     **        represents sewing thread) 

 

 

Figure 1. Schematics of sewn samples a) Face and back side views of samples, b) Test directions and seam directions 

 

 
Figure 2. Experimental design of samples and sample codes 
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2.2.2.1 Cantilever method 

Cantilever method is probably the most preferred bending 

rigidity measurement method for woven fabrics as it is very 

simple to apply. In this study, sewn samples, which were 

prepared according to Part 2.2.1, were cut in the dimensions 

of 2.5 cm x 20 cm. The test was performed according to 

ASTM D 1388- 18, Option A [44]. Samples were slid on a 

platform until their leading edges projected from the edge 

of a horizontal surface and made a 41.5° angle with the 

horizontal. The length of the overhang was measured. The 

test was repeated for the face and back of both ends of each 

specimen. 5 samples were tested for each type of sewn 

fabrics. Bending length (c) and bending rigidity (G) of 

samples were determined using overhang length (O) values 

according to Equations (1) and (2). 

c=O/2           (1) 

G= 1.421·10-5·W·c3 [µjoule/m]        (2) 

(c: bending length (mm), w: fabric unit mass (g/m2)) 

 

2.2.2.2 Heart loop method 

Heart loop method is preferred for the samples, which are 

unsuitable for cantilever method, which tend to curl or 

twist, as it is harder to apply. In this method, sewn samples 

were cut to 2.5 cm x 25 cm dimensions and fastened to 2.5 

cm wide bars before the test. Therefore, test dimensions 

were 2.5 cm x 20 cm. A heart shaped loop was formed 

according to the standard (ASTM D 1388-18, Option B 

[44]) and hung vertically under its own mass. The length of 

the hung loop was measured. Two measurements were 

taken for each sample, one from the face and one from the 

back side of samples. Measured loop lengths were used to 

calculate the bending lengths and bending rigidities of 

samples according to Equations (3) - (6) [44, 45]. For each 

stitching type, 5 samples were tested. 

G= 1.421·10-5·w·c3 [µjoule/m]        (3) 

c = 0.1337L · f2(θ)  [cm]        (4) 

f2(θ)= (cosθ/ tanθ)1/3         (5) 

θ=32.85·((l-0.1337L)/(0.1337L)) [°]      (6) 

(L: strip length (cm) and l: loop length (cm)) 

 

2.2.2.3 Circular bend method 

Circular bending method is a simple method that can be 

applied to all kind of woven, knitted or nonwoven fabrics. 

The principal of the circular bend method is to force a flat, 

folded swatch of fabric through an orifice in a platform and 

record the maximum force to push the fabric as an indicator  

 

of fabric bending rigidity. In this method, the measured 

force simultaneously averages the stiffness in all directions. 

For this test, sewn samples were prepared both in warp and 

weft directions with the dimensions of 10.2 cm x 20.4 cm. 

Seam placements on samples were arranged according to 

Figure1.b, for warp and weft samples. Before the tests, 

samples were laid face down and folded to form a square of 

10.2 cm x 10.2 cm. Then they were slightly compressed to 

flatten the crease. Afterwards, the samples were placed on 

the device and forced through the orifice. Maximum force 

was recorded for each sample to indicate the sample 

stiffness (ASTM D4032-08 [46]). For each type of sewn 

sample, 5 measurements were taken according to standard. 

2.2.3. Statistical analysis 

SPSS Package Program version 22 was used to make 

statistical comparisons between different sample types and 

different test methods. Firstly, normality tests were 

performed by considering Shapiro-Wilk and Kolmogorov-

Smirnov tests, histograms, variation coefficients (%), 

Skewness/Kurtosis values and Q-Q plots. For normally 

distributed data, One-way ANOVA and Pearson correlation 

coefficients were interpereted. For data, which were not-

normally distributed, Kruskal-Wallis and Spearman’s 

correlation coefficients were used. For normally distributed 

data, Tukey and Games-Howell tests were used as Post-Hoc 

tests, for homogeneous and non-homogenous data, 

respectively. For not-normally distributed data, Mann 

Whitney U test was performed. 

3. RESULTS AND DISCUSSION 

3.1 Comparison of bending length results 

Bending length of samples were determined in cantilever 

and heart loop methods. In Table 3, bending lengths in both 

methods for warp and weft directions are given with 

standart deviation values. Also in Figure 3, the data are 

visualized. According to results, for both plain and twill 

fabrics, unsewn samples showed the lowest bending length 

values in warp and weft directions regardless of test method 

(Sig. values < 0.05). For sewn samples, smaller bending 

lengths were obtained in heart loop method when compared 

to cantilever results. This was valid in both warp and weft 

directions. In warp direction, bending lengths of 5 stitch 

densities were higher for cantilever method. A similar result 

was obtained in the literature for sewn plain fabrics in 

cantilever method [24]. The same trend was not observed in 

heart loop method. Statistical analysis showed that stitch 

density did not have any significant effects on the bending 

lengths of samples, except than the bending lengths of plain 

fabric samples measured in cantilever method. In addition, 

only the bending lengths of 5-yarn overlock stitched 

samples were significantly higher when compared to other 

stitch types, almost for all plain and twill samples sewn in 

warp and weft directions (Sig. values < 0.05). 
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Table 3. Bending length results of cantilever and heart loop methods 

Fabric type Stitch type Sample code 

Cantilever Test Results (cm) Heart Loop Test Results (cm) 

Warp Mean 

(St. Dev.) 

Weft Mean 

(St. Dev.) 

Warp Mean 

(St. Dev.) 

Weft Mean 

(St. Dev.) 

Plain weave 

Unsewn P-NS 1.42 (0.13) 1.43 (0.02) 1.36 (0.04) 1.41 (0.04) 

Lock stitch 
P-L-3 2.69 (0.07) 2.62 (0.15) 1.88 (0.05) 2.04 (0.13) 

P-L-5 2.75 (0.07) 3.07 (0.07) 1.81 (0.04) 2.12 (0.09) 

3-yarn 

overlock stitch 

P-3YO-3 2.36 (0.09) 2.66 (0.10) 1.93 (0.03) 2.17 (0.10) 

P-3YO-5 2.74 (0.05) 2.94 (0.07) 1.96 (0.08) 2.08 (0.06) 

5-yarn 

overlock stitch 

P-5YO-3 2.76 (0.13) 3.04 (0.07) 2.07 (0.06) 2.26 (0.13) 

P-5YO-5 2.89 (0.17) 3.31 (0.14) 2.03 (0.06) 2.27 (0.03) 

Twill weave 

Unsewn T-NS 1.44 (0.04) 1.19  (0.02) 1.25 (0.04) 1.34 (0.04) 

Lock stitch 
T-L-3 2.56 (0.06) 2.49 (0.12) 1.70 (0.03) 2.01 (0.01) 

T-L-5 2.52 (0.10) 2.85 (0.17) 1.81 (0.01) 2.03 (0.06) 

3-yarn 

overlock stitch 

T-3YO-3 2.31 (0.15) 2.51 (0.14) 1.81 (0.06) 2.05 (0.07) 

T-3YO-5 2.44 (0.06) 3.03 (0.08) 1.79 (0.07) 1.97 (0.05) 

5-yarn 

overlock stitch 

T-5YO-3 2.65 (0.25) 2.94 (0.10) 1.95 (0.06) 2.11 (0.10) 

T-5YO-5 2.87 (0.06) 2.86 (0.17) 2.01 (0.11) 2.34 (0.08) 

 

 

 
Figure 3. Bending lenghts of samples a) Plain fabric warp direction b) Plain fabric weft direction c) Twill fabric warp direction d) Twill 

fabric weft direction 
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According to correlation analysis (Figure 4), there were 

moderate positive correlations between the bending lengths 

of samples obtained in cantilever and heart loop methods 

(In warp direction Spearman’s rho: 0.652, and in weft 

direction Spearman’s rho: 0.507). The correlations were 

statistically significant at the level of 0.01. 

 

Figure 4. Bending length correlations 

 

3.2 Comparison of bending rigidity results 

Bending rigidity of samples were determined according to 

cantilever, heart loop and circular bend methods. Mean 

values and standard deviation values are tabulated in Table 

4. In Figure 5, bending rigidity results are visualized 

according to fabric type and seam directions. The unit of 

bending rigidity obtained in cantilever method and heart 

loop method is different than the bending rigidity unit of 

circular bend method. Therefore, circular bend results 

should be read from the axis given in right part of the 

graphs. 

According to test results, as for bending lengths, bending 

rigidity of unsewn samples were significantly lower when 

compared to sewn samples, for heart loop and cantilever 

methods (Sig. < 0.05). However, for circular bend method, 

any difference was not found between the bending rigidities 

of unsewn and sewn samples (Sig. values > 0.05). In 

addition, for circular bend method, any statistically 

significant difference was not found between bending 

rigidities of sewn samples dependent on the fabric type, 

stitch density and stitch type (Sig. values >0.05). 

Bending rigidities of sewn samples with 5 stitch density were 

generally higher when compared to 3 stitch density, in 

cantilever method. The effect of stitch density on the bending 

rigidity was only significant for plain fabric samples sewn in 

weft direction (Sig. values < 0.05). A similar result was 

obtained by Gurarda (2008) for sewn plain fabrics tested in 

cantilever method [24]. The effect of stitching type was 

significant only for some of the sewn samples, for cantilever 

and heart loop methods. Similarly, Kara (2020) stated that 

overlock stitched samples, those were sewn in 5 different 

directions, showed higher bending rigidity for sewn plain 

fabrics according to heart loop method [23]. 

Correlation analysis results are summarized in Figure 6. 

According to correlation analysis, there is a moderate 

positive correlation between the bending rigidity results of 

cantilever and heart loop methods, (Spearmans’ rho: 0.596), 

in the warp direction. The correlation is significant at 0.01 

level. In warp direction, statistically significant correlations 

were not found between the circular test method and 

cantilever-heart loop methods. In weft direction, there was 

a low positive correlation between the bending rigidities of 

samples obtained by cantilever and heart loop methods 

(Spearmans’ rho: 0.473, significant at 0.01 level). In 

addition, in weft direction, a low positive correlation was 

found between the bending rigidities of cantilever and 

circular bending results (Spearmans’ rho: 0.357, significant 

at 0.01 level). In the literature, a high correlation was found 

for the outputs of the heart loop and circular bend methods 

(Spearman’s rho > 0.7). But the tests were performed on 

net-like warp knitted fabrics [40]. The correlation 

differences are most probably caused by the sample sets, 

which were warp knitted fabrics for the mentioned study 

and sewn woven fabrics in this study.  

 

Table 4. Bending rigidity results of cantilever, heart loop and circular bend methods 

Fabric 

type 

 

Stitch type 

 

Sample 

code 

 

Cantilever Test Results 

Bending Rigidity (µJ/m) 

Heart Loop Test Results 

Bending Rigidity (µJ/m) 

Circular Bend Results 

Bending Rigidity (cN) 

Warp Mean 

(St. Dev.) 

Weft Mean 

(St. Dev.) 

Warp Mean 

(St. Dev.) 

Weft Mean 

(St. Dev.) 

Warp Mean 

(St. Dev.) 

Weft Mean 

(St. Dev.) 

Plain 

weave 

Unsewn P-NS 3.42 (0.88) 3.41 (0.13) 2.92 (0.27) 3.29 (0.28) 33.00 (3.74) 32.75 (4.35) 

Lock stitch 
P-L-3 22.57 (1.67) 21.04 (3.51) 7.72 (0.67) 10.03 (1.95) 31.20 (2.49) 33.00 (1.41) 

P-L-5 24.25 (1.79) 33.57 (2.47) 6.88 (0.45) 11.20 (1.40) 34.20 (2.17) 33.80 (1.30) 

3-yarn 

overlock stitch 

P-3YO-3 15.36 (1.80) 22.05 (2.37) 8.42 (0.38) 12.02 (1.71) 31.40 (4.16) 34.20 (4.49) 

P-3YO-5 23.84 (1.33) 29.62 (2.00) 8.85 (1.15) 10.55 (0.90) 35.20 (1.92) 35.00 (2.74) 

5-yarn 

overlock stitch 

P-5YO-3 24.54 (3.32) 32.67 (2.22) 10.40 (0.92) 13.63 (2.34) 33.80 (2.86) 36.00 (1.41) 

P-5YO-5 28.18 (5.02) 42.20 (5.24) 9.74 (0.84) 13.61 (0.50) 31.60 (3.21) 36.75 (2.22) 

Twill 

weave 

Unsewn T-NS 3.97 (0.31) 2.24 (0.13) 2.59 (0.27) 3.19 (0.26) 33.80 (2.28) 35.50 (0.58) 

Lock stitch 
T-L-3 22.09 (1.48) 20.55 (3.06) 6.54 (0.34) 10.77 (0.22) 38.00 (1.58) 37.20 (2.77) 

T-L-5 21.13 (2.49) 30.81 5.76) 7.85 (0.18) 11.12 (1.04) 37.00 (1.87) 39.60 (2.79) 

3-yarn 

overlock stitch 

T-3YO-3 16.47 (2.96) 21.07 (3.40) 7.87 (0.80) 11.37 (1.15) 34.00 (3.87) 39.75 (2.87) 

T-3YO-5 19.25 (1.38) 36.66 (2.86) 7.61 (0.84) 10.15 (0.76) 38.80 (2.68) 41.00 (2.16) 

5-yarn 

overlock stitch 

T-5YO-3 24.92 (6.72) 33.69 (3.22) 9.85 (0.93) 12.52 (1.80) 38.80 (2.68) 39.60 (1.14) 

T-5YO-5 31.05 (2.03) 31.02 (5.35) 10.76 (1.77) 16.85 (1.74) 35.80 (2.77) 38.80 (2.86) 
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Figure 5. Bending rigidities of samples a) Plain fabric warp direction b) Plain fabric weft direction c) Twill fabric warp direction d) 

Twill fabric weft direction 

 

 
 
 

 

Figure 6. Bending rigidity correlations 

 

4. CONCLUSION 

In this study, the effects of different test methods on the 

bending length and bending rigidities of sewn samples were 

investigated. For this purpose, 3 simple and standard test 

methods; namely cantilever, heart loop and circular bend 

methods were used and compared. To examine the 

differences, a set of samples were prepared by using plain 

and twill PET fabrics, sewn with lock stitch, 3-yarn 

overlock stitch and 5-yarn overlock stitch with stitching 

densities of 3 stitches/cm and 5 stitches/cm. 

Statistical analysis showed that, in heart loop and circular 

bend methods, significant effects of stitch densities were 

not detected on the bending rigidities, for both warp and 

weft directions. Similarly, for the selected sample set and 

stitch types, significant effects of stitch types were not 

detected for most of the samples, in all 3 testing methods. 

The differences were mostly significant for 5-yarn overlock 

stitched samples, which showed higher stiffness. It was 

interesting that, in circular bend method, any statistically 

significant difference could not be detected for any type of 

samples, including unsewn ones. 

Correlation analysis results showed that, there are moderate 

positive correlations between the bending lengths of 

cantilever and heart loop methods, in both warp and weft 

directions. For bending rigidities, cantilever test method 

possessed moderate positive correlation with heart loop 

method in warp direction and low positive correlations with 

heart loop and circular bend methods in weft direction. For 

the designed sewn sample set, any statistically significant 

relationship was not detected between heart loop and 

circular bend methods, for sewn samples. 

As a conclusion, it can be inferred that, results of selected 

test methods do not fit highly, for sewn fabrics. Cantilever 

and heart loop methods are better in correlation but, in spite 

of being a standard test method, circular bend method does 

not correlate well with other test methods for bending 

rigidity of sewn samples. This can be related to the different 

testing approaches and sample sizes in these three methods. 
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But it must also be considered that, this study is limited 

with the designed sample set. In the further studies, the 

relationship of bending rigidity and bending lengths of 

samples can be examined with different types of fabrics and 

seaming techniques. The results of this study is expected to 

contribute to the researches in this field and may be 

benefical for the quality control tests of ready-wear 

companies. 
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