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Abstract
Ready to wear end-products may be obtained by different assembling methods such as 
sewing, bonding, seam taping, welding and pressing fabrics. Currently, sewing is the most 
common method, but other techniques are improving day by day in accordance with the 
new application areas and new requirements from seamlines. Seam taping is an innovative 
alternative method that can improve the properties of seams. In this study, some essential 
properties such as the strength, elongation, thickness and air permeability of sealed samples 
with different constructions were compared. As taping constructions, ultrasonic bonding 
plus taping, sewing plus taping, and only taping methods were used. These methods were 
varied according to the taping temperature and speed. Also, only sewn and ultrasonically 
bonded samples were prepared as reference samples. In total, 20 different kinds of seam 
sealed samples were obtained as test materials. According to the results, taped samples were 
advantageous in terms of seam thickness and seam strength properties when compared to 
only sewn and ultrasonically bonded references. Especially, “only taped” samples were one 
step ahead among the all constructions. The air permeability of the taped seams decreased 
by a certain amount, but it is thought to be tolerable in a full garment.

Key words: seam sealing methods, taped seams, seam strength, thickness, air permeability, 
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and functionality [7-12]. The quality of 
a welded or bonded seam is dependent 
on the process parameters, such as tem-
perature, pressure and the process speed 
[4, 7, 11-13].

For the welded seams; the fabric materi-
al itself may contain thermoplastic fibres 
or any additional materials such as tapes, 
powders, coatings, films, nets and coat-
ed threads may be used [7, 14]. Within 
the context of this study, we focused on 
seam tapes applied by the use of the hot 
air welding method.

Seam taping can be constructed different-
ly according to the materials and applica-
tion areas of the end-products. For some 
application areas, double-sided tapes may 
be used to make overlapped seams. In oth-
er techniques, tape can be sealed to a pre-
sewn fabric. This kind of sealing process 
can be especially preferred for waterproof 
seamlines. According to the taping meth-
od, the sealing process may cover one or 
more steps. Taping parameters such as the 
taping temperature, pressure and speed 
should be carefully selected in order to 
produce useful taped seams.

In the literature; the properties of sewn 
classical fabrics have been widely stud-
ied, and the effects of stitching parame-
ters such as the stitch density, seam di-
rection, sewing thread properties, sewing 
thread tensions, sewing needle fineness, 
fabric type, washing etc. on the seam 
strength and seam slippage of sewn fab-
rics have been evaluated in detail [15-29].  

	 Introduction
Sewing is the most common method to 
assemble ready-to-wear garment pieces 
which are cut in certain dimensions and 
shapes. With the improving technology, 
alternative assembling methods have 
been developed in order to fulfil the new 
requirements of seamlines and new ap-
plication areas, such as technical textiles 
[1-5].

New assembling methods include dif-
ferent types of welding, adhesive bond-
ing and pressing techniques [1, 2]. 
These techniques also contain their own 
sub-methods. For example, welding has 
5 types: hot air welding, hot wedge weld-
ing, ultrasonic welding, radio frequency 
welding and laser welding. In the weld-
ing techniques, materials to be joined are 
heated somehow and thermoplastic ma-
terials melt. Heat may be obtained by the 
blowing of hot air, by contacting with 
a hot wedge [2], by application of a high 
frequency voltage [6] or laser [3], and 
by creating ultrasonic waves [5] for dif-
ferent welding methods. After heating, 
partly melted materials are compressed 
together, which causes an intermingling 
of polymers. A seam is formed as the 
materials cool and solidify [3]. All the 
welding methods have their own ad-
vantages and disadvantages in terms of 
strength, appearance, wearing comfort, 
flatness, stiffness, thickness, lightness 

Also, there have been some studies which 
subjected alternative assembling meth-
ods, such as taping, bonding, ultrasonic 
welding and other welding techniques to 
analysis. For example, Kuo et al. used 
hot-melt, pressure-sensitive adhesives to 
bond nylon fabrics without sewing and 
investigated the adhesion of the bond-
ed systems [8, 30]. Beaudette and Park 
compared the thermal properties of gar-
ments containing taped seams (using 
double sided adhesive film), overlock 
seams and flatlock seams [9]. Bahadir 
and Jevsnik optimised the hot air weld-
ing process parameters for the formation 
and electro-conductive properties of tex-
tile transmission lines [13]. Golomeova 
and Demboski found that the insertion 
of a thermoplastic reinforcing tape in 
the seam generally increased the seam 
strength and efficiency, and decreased 
seam slippage [31]. Korycki and Szafran-
ska studied the theoretical optimisation 
of material thickness for the coupled heat 
and mass transport problem of seams 
sealed with tapes [32]. Mikalauskaite 
and Daukantiene researched the bonding 
strengths of laminated knitted and woven 
fabrics which were seamed via adhesive 
tape [33]. Shi et al. studied the effect of 
ultrasonic welding parameters on the 
waterproofness, tear force and shrinkage 
of ultrasonic welded hot air taped water-
proof samples [34]. Irzmanska et al. eval-
uated the mechanical properties of ultra-
sonically spot welded textile composites 
to be used for protective footwear [35]. 
Grineviciute et al. investigated the seam 
strength and waterproofness of sewn 
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and sealed nonwoven fireproof laminat-
ed samples [4]. Belforte et al. compared 
the tensile strengths, fatigue properties 
and air-tightness of textiles used in pneu-
matic devices joined with different as-
sembling methods (sewing, sewing and 
taping, laser welding, ultrasonic weld-
ing, bonding etc.) [36]. Jakubcioniene 
et al. applied taping with different seam 
constructions to selected woven, knitted 
and laminated fabrics and investigated 
the peeling strength and seam strengths 
of the specimens [7]. Ujevic, Kovacevic 
and Horvat-Varga employed high-fre-
quency welding to artificial leather and 
tested its breaking force and water imper-
meability [6]. Hustedt et al. used the la-
ser welding technique to assemble airbag 
parts and compared the seam strengths 
of samples with different process condi-
tions [14]. Jeong and An investigated the 
tensile-shear properties and seam puck-
er of taped coated and laminated fab-
rics and analysed the results according 
to finishing methods [10, 37]. Kara and 
Yesilpinar researched the strength and 
waterproofness of tape sealed laminated 
fabrics [11, 12].

From the literature review, it can be 
concluded that tape welding technolo-
gies are mostly examined for waterproof 
and other technical applications. In this 
study, different from the literature, it was 
examined in depth whether the tape con-
taining welding methods could be useful 
and beneficial for daily applications of 
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Figure 1. Photographs and preparation schematics of samples ( ( ) = fabric, ( )= sewing, 
( )= ultrasonic cutting and bonding, ( ) = sealing tape, ( ) = supreme fabric on the sealing 

tape) 

 

S and U samples were prepared as reference  in order to compare the seam strength, thickness 
and air permeability of the taped samples. The S reference sample was the “only-sewn” 
sample. For sewing, a Juki DDL-8500-7 model electronic lockstitch machine was used. The 
stitch density was 5 stitches/cm and the seam allowance - 4 mm. An SSa superimposed seam 
was created for this sample type [38]. A metric 90 sewing needle was used for sewing. The U 
reference sample was the “only-ultrasonic bonded” sample. In this method, samples were 
bonded together along one edge  using a circular ultrasonic horn. The ultrasonic horn cut and 
weakly bonded the fabrics together in the same step, along a 1-dimensional line. This bonding 
is normally used as a preparation step for additional seam sealing methods. Ultrasonic 
bonding was made using a KTK Cutting and Edge Trimming Machine (Guangzhou J.D.Q. 
Machinery Co. Ltd., China). Bonding parameters for the ultrasonic bonding were 19800 Hz 
frequency, a 5.5 cm/s speed of the upper and lower cylinders, and 0.4 MPa pressure. 
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Table 1. Properties of PET fabric.

Raw  
material

Yarn 
type Weave Unit  

mass
Warp 

density
Weft  

density
Warp 

strength
Weft 

strength

100% PET Multifil. Plain 92 g/m2 60 warp/cm 35 weft/cm 953.6 N 502.8 N

Figure 1. Photographs and preparation schematics of samples ( (

4 
 

2.2 Methods 

2.2.1 Sample preparation 

Samples were prepared according to 5 different sealing methods: two reference methods (only 
sewing and only ultrasonic bonding) and 3 taping constructions. These methods are 
schematised in Figure 1. Also, pictures of the real seams can be found in the figure. Overall, 
20 different types of sealed samples were prepared. The experimental design and codes of the 
taped samples are given in Figure 2. 

 

 
Seam 
type 

Reference methods Taping constructions 

S U T ST UT 

1st step 

     2nd step 

Face 
view 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Back 
view 

 

 
 

+ 

 
 

 

 
 

 

 
 

 

 
 

Figure 1. Photographs and preparation schematics of samples ( ( ) = fabric, ( )= sewing, 
( )= ultrasonic cutting and bonding, ( ) = sealing tape, ( ) = supreme fabric on the sealing 

tape) 

 

S and U samples were prepared as reference  in order to compare the seam strength, thickness 
and air permeability of the taped samples. The S reference sample was the “only-sewn” 
sample. For sewing, a Juki DDL-8500-7 model electronic lockstitch machine was used. The 
stitch density was 5 stitches/cm and the seam allowance - 4 mm. An SSa superimposed seam 
was created for this sample type [38]. A metric 90 sewing needle was used for sewing. The U 
reference sample was the “only-ultrasonic bonded” sample. In this method, samples were 
bonded together along one edge  using a circular ultrasonic horn. The ultrasonic horn cut and 
weakly bonded the fabrics together in the same step, along a 1-dimensional line. This bonding 
is normally used as a preparation step for additional seam sealing methods. Ultrasonic 
bonding was made using a KTK Cutting and Edge Trimming Machine (Guangzhou J.D.Q. 
Machinery Co. Ltd., China). Bonding parameters for the ultrasonic bonding were 19800 Hz 
frequency, a 5.5 cm/s speed of the upper and lower cylinders, and 0.4 MPa pressure. 

) = fabric, ( 

4 
 

2.2 Methods 

2.2.1 Sample preparation 

Samples were prepared according to 5 different sealing methods: two reference methods (only 
sewing and only ultrasonic bonding) and 3 taping constructions. These methods are 
schematised in Figure 1. Also, pictures of the real seams can be found in the figure. Overall, 
20 different types of sealed samples were prepared. The experimental design and codes of the 
taped samples are given in Figure 2. 

 

 
Seam 
type 

Reference methods Taping constructions 

S U T ST UT 

1st step 

     2nd step 

Face 
view 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Back 
view 

 

 
 

+ 

 
 

 

 
 

 

 
 

 

 
 

Figure 1. Photographs and preparation schematics of samples ( ( ) = fabric, ( )= sewing, 
( )= ultrasonic cutting and bonding, ( ) = sealing tape, ( ) = supreme fabric on the sealing 

tape) 

 

S and U samples were prepared as reference  in order to compare the seam strength, thickness 
and air permeability of the taped samples. The S reference sample was the “only-sewn” 
sample. For sewing, a Juki DDL-8500-7 model electronic lockstitch machine was used. The 
stitch density was 5 stitches/cm and the seam allowance - 4 mm. An SSa superimposed seam 
was created for this sample type [38]. A metric 90 sewing needle was used for sewing. The U 
reference sample was the “only-ultrasonic bonded” sample. In this method, samples were 
bonded together along one edge  using a circular ultrasonic horn. The ultrasonic horn cut and 
weakly bonded the fabrics together in the same step, along a 1-dimensional line. This bonding 
is normally used as a preparation step for additional seam sealing methods. Ultrasonic 
bonding was made using a KTK Cutting and Edge Trimming Machine (Guangzhou J.D.Q. 
Machinery Co. Ltd., China). Bonding parameters for the ultrasonic bonding were 19800 Hz 
frequency, a 5.5 cm/s speed of the upper and lower cylinders, and 0.4 MPa pressure. 

 )= sewing, ( 

4 
 

2.2 Methods 

2.2.1 Sample preparation 

Samples were prepared according to 5 different sealing methods: two reference methods (only 
sewing and only ultrasonic bonding) and 3 taping constructions. These methods are 
schematised in Figure 1. Also, pictures of the real seams can be found in the figure. Overall, 
20 different types of sealed samples were prepared. The experimental design and codes of the 
taped samples are given in Figure 2. 

 

 
Seam 
type 

Reference methods Taping constructions 

S U T ST UT 

1st step 

     2nd step 

Face 
view 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Back 
view 

 

 
 

+ 

 
 

 

 
 

 

 
 

 

 
 

Figure 1. Photographs and preparation schematics of samples ( ( ) = fabric, ( )= sewing, 
( )= ultrasonic cutting and bonding, ( ) = sealing tape, ( ) = supreme fabric on the sealing 

tape) 

 

S and U samples were prepared as reference  in order to compare the seam strength, thickness 
and air permeability of the taped samples. The S reference sample was the “only-sewn” 
sample. For sewing, a Juki DDL-8500-7 model electronic lockstitch machine was used. The 
stitch density was 5 stitches/cm and the seam allowance - 4 mm. An SSa superimposed seam 
was created for this sample type [38]. A metric 90 sewing needle was used for sewing. The U 
reference sample was the “only-ultrasonic bonded” sample. In this method, samples were 
bonded together along one edge  using a circular ultrasonic horn. The ultrasonic horn cut and 
weakly bonded the fabrics together in the same step, along a 1-dimensional line. This bonding 
is normally used as a preparation step for additional seam sealing methods. Ultrasonic 
bonding was made using a KTK Cutting and Edge Trimming Machine (Guangzhou J.D.Q. 
Machinery Co. Ltd., China). Bonding parameters for the ultrasonic bonding were 19800 Hz 
frequency, a 5.5 cm/s speed of the upper and lower cylinders, and 0.4 MPa pressure. 

 )= ultrasonic cutting and bonding,  
(

4 
 

2.2 Methods 

2.2.1 Sample preparation 

Samples were prepared according to 5 different sealing methods: two reference methods (only 
sewing and only ultrasonic bonding) and 3 taping constructions. These methods are 
schematised in Figure 1. Also, pictures of the real seams can be found in the figure. Overall, 
20 different types of sealed samples were prepared. The experimental design and codes of the 
taped samples are given in Figure 2. 

 

 
Seam 
type 

Reference methods Taping constructions 

S U T ST UT 

1st step 

     2nd step 

Face 
view 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Back 
view 

 

 
 

+ 

 
 

 

 
 

 

 
 

 

 
 

Figure 1. Photographs and preparation schematics of samples ( ( ) = fabric, ( )= sewing, 
( )= ultrasonic cutting and bonding, ( ) = sealing tape, ( ) = supreme fabric on the sealing 

tape) 

 

S and U samples were prepared as reference  in order to compare the seam strength, thickness 
and air permeability of the taped samples. The S reference sample was the “only-sewn” 
sample. For sewing, a Juki DDL-8500-7 model electronic lockstitch machine was used. The 
stitch density was 5 stitches/cm and the seam allowance - 4 mm. An SSa superimposed seam 
was created for this sample type [38]. A metric 90 sewing needle was used for sewing. The U 
reference sample was the “only-ultrasonic bonded” sample. In this method, samples were 
bonded together along one edge  using a circular ultrasonic horn. The ultrasonic horn cut and 
weakly bonded the fabrics together in the same step, along a 1-dimensional line. This bonding 
is normally used as a preparation step for additional seam sealing methods. Ultrasonic 
bonding was made using a KTK Cutting and Edge Trimming Machine (Guangzhou J.D.Q. 
Machinery Co. Ltd., China). Bonding parameters for the ultrasonic bonding were 19800 Hz 
frequency, a 5.5 cm/s speed of the upper and lower cylinders, and 0.4 MPa pressure. 

) = sealing tape, (

4 
 

2.2 Methods 

2.2.1 Sample preparation 

Samples were prepared according to 5 different sealing methods: two reference methods (only 
sewing and only ultrasonic bonding) and 3 taping constructions. These methods are 
schematised in Figure 1. Also, pictures of the real seams can be found in the figure. Overall, 
20 different types of sealed samples were prepared. The experimental design and codes of the 
taped samples are given in Figure 2. 

 

 
Seam 
type 

Reference methods Taping constructions 

S U T ST UT 

1st step 

     2nd step 

Face 
view 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Back 
view 

 

 
 

+ 

 
 

 

 
 

 

 
 

 

 
 

Figure 1. Photographs and preparation schematics of samples ( ( ) = fabric, ( )= sewing, 
( )= ultrasonic cutting and bonding, ( ) = sealing tape, ( ) = supreme fabric on the sealing 

tape) 

 

S and U samples were prepared as reference  in order to compare the seam strength, thickness 
and air permeability of the taped samples. The S reference sample was the “only-sewn” 
sample. For sewing, a Juki DDL-8500-7 model electronic lockstitch machine was used. The 
stitch density was 5 stitches/cm and the seam allowance - 4 mm. An SSa superimposed seam 
was created for this sample type [38]. A metric 90 sewing needle was used for sewing. The U 
reference sample was the “only-ultrasonic bonded” sample. In this method, samples were 
bonded together along one edge  using a circular ultrasonic horn. The ultrasonic horn cut and 
weakly bonded the fabrics together in the same step, along a 1-dimensional line. This bonding 
is normally used as a preparation step for additional seam sealing methods. Ultrasonic 
bonding was made using a KTK Cutting and Edge Trimming Machine (Guangzhou J.D.Q. 
Machinery Co. Ltd., China). Bonding parameters for the ultrasonic bonding were 19800 Hz 
frequency, a 5.5 cm/s speed of the upper and lower cylinders, and 0.4 MPa pressure. 

) = supreme fabric on the sealing tape).

classical woven fabrics. Also, an exten-
sive study was conducted for different 
constructions of seams containing tape. 
The comparability of taped seams with 
sewn ones was interpreted via strength, 
thickness (flatness of the seam) and air 
permeability performances. In the study, 
it was aimed to broaden the usage of 
taped seams to replace the sewn seams 
of daily garments and casual sportswear.

	 Materials and methods
Materials
Materials of this study consisted of wo-
ven base fabric, sewing thread and seam 
sealing tapes. A woven polyester (PET) 
fabric was used as the base fabric for 
sealing. Properties of the fabric are given 
in Table 1.

2 ply 50 tex core-spun polyester sew-
ing thread was used for the sewn sam-
ples. For sealing the seams, Bemis 3415 
(USA) seam sealing tape was used, the 
width of which was 1 cm. For the upper 
applications of the tape, the sealing tape 
was bonded with a 100 % PET (130 g/m2)  
supreme fabric in order to support the 
tape and improve the appearance.

Methods
Sample preparation
Samples were prepared according to 
5 different sealing methods: two refer-
ence methods (only sewing and only ul-
trasonic bonding) and 3 taping construc-
tions. These methods are schematised 
in Figure 1. Also, pictures of the real 
seams can be found in the figure. Over-
all, 20 different types of sealed samples 
were prepared. The experimental design 
and codes of the taped samples are given 
in Figure 2.

S and U samples were prepared as ref-
erence in order to compare the seam 
strength, thickness and air permeability 
of the taped samples. The S reference 
sample was the “only-sewn” sample. 
For sewing, a Juki DDL-8500-7 model 
electronic lockstitch machine was used. 
The stitch density was 5 stitches/cm and 
the seam allowance – 4 mm. An SSa su-
perimposed seam was created for this 
sample type [38]. A metric 90 sewing 
needle was used for sewing. The U ref-
erence sample was the “only-ultrasonic 
bonded” sample. In this method, samples 
were bonded together along one edge 
using a circular ultrasonic horn. The ul-
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Free Felt Seam Machine (KT-886B9800 
Model). Tape laminated with a supreme 
fabric was used for this method.

Taped (T), sewn-and-taped (ST) and ul-
trasonically bonded-and-taped (UT) sam-
ples were varied according to the opera-
tion temperature and operation speed of 
the KTK Sew Free Felt Seam Machine. 
Taping temperatures were 250, 280 and 
310 °C for the upper cylinder and 150 °C 
for the lower cylinder. Feeding speeds 
were 110 and 130 cm/min.

Warp and weft samples were organized 
as shown in Figure 3.

Seam strength test
Seam strength tests were performed on 
an Instron 4411 Tensile Tester according 
to the TS EN ISO 13935-2: 2014 stand-
ard [39]. Seam strengths and elongation 
values of the samples were recorded. 
Tests were repeated 5 times for each type 
of sample.

Air permeability
The air permeability of the samples was 
determined according to TS 391 EN ISO 
9237 using a Textest FX3300 air perme-
ability tester [40]. The air pressure was 
100 Pa during the tests, and the test area 
was 20 cm2. 10 measurements were taken 
for each type of sample.

Thickness measurement
The thickness of the samples’ seamed 
parts was determined according to the 
TS 7128 EN ISO 5084 standard using 
a James Heal RxB Cloth Thickness Test-
er [41]. The pressure during measure-
ments was 5 gf/cm2. 5 measurements 
were taken for each sample type, and av-
erage values were calculated.

Statistical analysis
Statistical analysis was performed using 
the SPSS 22.0 and Minitab 16.0.1 pro-
grammes. SPPS two-way variance anal-
ysis was used to compare the effects of 
the sealing types (S, U, T, UT and ST) on 
the sealed fabric properties. Also, Minit-
ab was used to compare the effects of the 
taping type (T, UT, and ST), taping tem-
perature and taping speed on the proper-
ties of the taped fabrics. SIDAK analysis 
was used to make pairwise comparisons 
as it is a strong test among Post-Hoc ap-
plications.

An ANOVA table was made only for the 
seam strength results. Similar tables were 

Figure 2. Experimental design and sample codes of taped samples.
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Warp direction

Seam

Weft direction
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trasonic horn cut and weakly bonded the 
fabrics together in the same step, along 
a 1-dimensional line. This bonding is 
normally used as a preparation step for 
additional seam sealing methods. Ultra-
sonic bonding was made using a KTK 
Cutting and Edge Trimming Machine 
(Guangzhou J.D.Q. Machinery Co. Ltd., 
China). Bonding parameters for the ultra-
sonic bonding were 19800 Hz frequency, 
a 5.5 cm/s speed of the upper and lower 
cylinders, and 0.4 MPa pressure.

“Only-taped” T samples were taped be-
tween two fabric layers. This tape was 
double sided. Firstly, the tape was ap-
plied to one of the fabric’s edge using 
a KTK Adhesive Film Fusing and Trim-
ming Machine with an ultrasonic cutter 

(KTU-336CU model), as shown in Fig-
ure 1. Afterwards, this preform was over-
lapped with the second fabric and bonded 
together by a KTK Sew Free Felt Seam 
Machine (KT-886B9800 Model).

ST samples were “sewn-and-taped”. 
These were firstly sewn as S samples. 
After sewing, they were taped using the 
KTK Sew Free Felt Seam Machine (KT-
886B9800 Model). In this method, the 
tape was preliminary laminated to a su-
preme fabric on one side, see Materials 
section.

UT – “ultrasonically bonded-and-taped” 
samples were firstly ultrasonically bond-
ed as U reference samples. After bond-
ing, they were taped using the KTK Sew 
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obtained for other fabric properties, but 
they were not added to the paper.

	 Results
Seam strength results
Seam strengths of the samples are given 
in Table 2, with standard deviation values 
(st. dev.).

The only-sewn sample S had a seam 
strength of 417.5 and 281.3 N in the 
warp and weft directions, respectively. 
The only-ultrasonically bonded sam-
ple U showed a very low seam strength 
(lower than 60 N). All the taping meth-
ods yielded higher seam strengths when 
compared to sample U. The highest 
values were obtained from only-taped 
T samples in both the warp and weft 
directions, followed by ST samples and 
UT samples, respectively. For T samples, 
seam strengths were between 725-753 N 
in the warp direction and 370-490 N in 
the weft direction. Seam strengths of  
T samples were 1.5-2 times higher than 
for S samples. Moreover, the seam 
strengths of ST samples were at least 
22% higher than for S samples. In the 
weft direction, the contribution to the 
seam strength increased by up to 60%. 
Among the taped samples, UT samples 
gave lower values when compared to  
S samples. They managed 50% of the 
seam strength of S samples at most.

Seam strength values were visualised 
according to the taping temperature and 
taping speed, shown in Figure 4. From 
Figure 4 and Table 3, seam strength dif-
ferences can be clearly observed for dif-
ferent taping constructions: T, ST and UT 
(p < 0.05). The seam strength of the taped 
samples were also affected by the taping 
temperature and taping speed (p < 0.05). 
For the warp samples, the seam strength 
increased at the higher taping tempera-
tures. The highest seam strengths were 
obtained at a taping temperature of 
310 °C for all types. Furthermore, ac-
cording to the SIDAK results, taping at 
310 °C had a significant contribution to 
the seam strengths of T and ST samples 
(p < 0.05). The effect of the taping speed 
was less prominent (p = 0.022). Signifi-
cant effects of the taping speed were ob-
tained only in the weft direction of T and 
ST samples. For UT samples, the taping 
temperature and taping speed did not 
cause statistically significant changes in 
seam strengths in both the warp and weft 
directions (p > 0.05).

Table 2. Seam strength of samples.

Sample code
Seam strength, N

Warp Weft
Mean St. Dev. Mean St. Dev.

S 417.5 12.1 281.3 12.3
U 60.5 8.2 19.2 5.0

T

T250-110 725.8 12.1 442.9 35.9
T250-130 736.5 15.1 371.9 40.2
T280-110 751.9 16.8 490.0 7.1
T280-130 747.7 15.2 482.4 41.4
T310-110 753.4 16.8 477.6 19.8
T310-130 751.0 18.0 376.1 16.4

UT

UT250-110 191.1 15.3 144.0 28.2
UT250-130 178.4 14.6 125.4 18.9
UT280-110 201.9 12.0 158.2 9.2
UT280-130 195.1 15.3 142.4 19.9
UT310-110 201.6 7.6 146.6 19.9
UT310-130 215.2 10.3 176.3 12.7

ST

ST250-110 530.8 51.5 410.9 44.2
ST250-130 551.4 42.0 371.8 27.5
ST280-110 540.5 57.3 399.1 30.6
ST280-130 509.4 69.7 357.2 25.8
ST310-110 605.7 45.9 356.6 39.8
ST310-130 605.5 31.9 452.2 37.3

Figure 4. Seam strength of samples.
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Table 3. ANOVA results for strength values 
of taped samples.

Source Sig. value 
Taping method (T, UT, ST) 0.000
Temperature 0.000
Taping speed 0.022
Taping type*Temperature 0.000
Taping type*Taping speed 0.010
Temperature*Taping speed 0.040
Taping type*Temperature 
*Taping speed 0.000

During the tests, for S, U, UT and ST 
samples, mostly the seams broke. For T 
samples, mostly the fabrics broke. This 
was valid for both the warp and weft di-
rections.

Elongation (%) results of samples are 
given in Table 4 and visualised in Fig-
ure 5. The lowest elongation value was 
obtained from reference sample U – 
around 7%. In the seam strength tests, 
U samples broke under small loads, so 
that this sample exhibited very low elon-
gation results when compared to sewn 
and taped counterparts. The elongation 
values of S samples were 33 and 24.5% 
in the warp and weft directions, respec-
tively. For T and ST samples, elongation 
values were very close to those of S sam-

ples . Pairwise comparisons showed that 
elongation differences between S and ST 
samples were not statistically significant 
(p > 0.05). UT samples had lower elonga-
tion values than ST samples. According 
to Table 4, elongation in the weft direc-

 Only page 53 (second page of the proof containing Figure 1) should printed in colour. 
Other pages of the proof should be printed in black-and-white, because of budget 
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Table 4. Elongation results of samples.

Sample code
Elongation, %

Warp Weft
Mean St. Dev. Mean St. Dev.

S 33.0 0.9 24.5 0.4
U 7.5 0.6 4.1 0.4

T

T250-110 28.9 13.9 26.9 1.9
T250-130 35.9 0.8 24.0 2.5
T280-110 36.2 0.9 29.4 0.5
T280-130 35.9 0.8 28.5 1.7
T310-110 36.0 0.9 28.7 1.3
T310-130 36.3 1.0 23.1 0.6

UT

UT250-110 26.9 3.3 20.8 3.8
UT250-130 24.0 1.7 19.4 1.8
UT280-110 23.6 1.7 22.0 1.2
UT280-130 23.9 1.6 19.0 3.9
UT310-110 22.9 1.3 19.1 1.9
UT310-130 24.5 1.7 23.0 2.2

ST

ST250-110 33.0 1.2 28.9 2.1
ST250-130 33.4 1.8 27.4 1.5
ST280-110 34.5 1.6 28.5 2.0
ST280-130 33.7 2.0 26.0 1.5
ST310-110 35.7 2.0 26.3 2.4
ST310-130 35.6 1.7 31.2 2.2

from S and U samples, as their seams 
only had one dimension along the seam 
line.

For the taped samples (T, UT and ST), 
air permeability values decreased by up 
to 33% when compared to the reference 
S sample. This was due to covering the 
seam with the 1 cm width tape along the 
seamlines. In a related research in the 
literature, the air permeability of a taped 
knitted fabric was found to be lower 
when compared to an overlock sewn 
counterpart [9].

Air permeability values of all taped sam-
ples were similar, changing in a narrow 
band around 30-37 l/m2/s for all taped 
samples. But they can be ordered as ST, 
UT and T from the highest to lowest air 
permeability. For the identical taping 
parameters, the maximum difference be-
tween the air permeability of T and ST 
samples was 16%. The effect of the tap-
ing direction was not statistically signif-
icant for the air permeability properties 
of taped samples (p > 0.05). Moreover, 
changing the taping temperature and 
speed did not affect the air permeabili-
ty results systematically. According to 
SIDAK comparisons, air permeability, 
only differences between ST250-110, 
ST250-130 and ST310-110, ST310-130 
in the weft direction were statistically 
significant (p < 0.05).

Thickness results
Thickness results of the samples are giv-
en in Table 6. According to the variance 
analysis test and pairwise comparisons, 
the thickness differences between all 
sealing types (S, U, T, UT and ST) were 
statistically significant (p < 0.05). Apply-
ing the tape in the warp or weft direction 
slightly affected the thickness results.

The thickness of sewn parts of samples 
S was 1.4 and 1.3 mm in the warp and 
weft directions, respectively. U samples 
had a lower thickness of 0.8 mm. Among 
all the samples, only-taped samples T 
exhibited the lowest thickness along the 
seamline of 0.4 mm, which was 67% 
lower than that of only-sewn samples S. 
This yielded a flat seamline when com-
pared to sewn samples. This result is in 
accordance with Beaudette and Park’s 
study (2017) [9].

For UT and ST samples, taping reduced 
the thickness of seamlines in the amount 
of 0.1 mm to 0.3 mm when compared to 
only-sewn and only-ultrasonically bond-

Figure 5. Elongation results of samples.
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tion is lower than that in the warp direc-
tion for all sample types.

According to statistical analysis results, 
the taping method had a statistically sig-
nificant effect on the elongation values 
(p < 0.05). In contrast, the temperature 
and speed did not have a statistically sig-
nificant effect on the elongation of the 
samples (p > 0.05).

Overall, the seam strength and elonga-
tion values increased after the taping pro-
cess, which may be due to the additional 
adhesive force between the textile and 
adhesive tape [12, 37].

Air permeability results
Air permeability results of the samples 
are given in Table 5. For all types of sam-
ples, air permeability changed between 
29 and 43 l/m2/s. According to the var-
iance analysis results, air permeability 
differences between the main sealing 
types (S, U, T, UT and ST) were statisti-
cally significant (p < 0.05).

The highest air permeability results were 
obtained for S samples. Also, U samples 
showed higher air permeability values 
when compared to taped samples. High-
er air permeability values were expected 
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Table 5. Air permeability results of samples.

Sample code
Air permeablity results, l/m2/s

Warp Weft
Mean St. Dev. Mean St. Dev.

S 43 1.08 43 1.23
U 37 1.19 41 1.17

T

T250-110 32 0.96 29 0.55
T250-130 31 0.78 30 0.75
T280-110 32 0.74 30 0.51
T280-130 31 1.62 30 0.61
T310-110 31 0.74 31 0.64
T310-130 30 0.50 30 1.26

UT

UT250-110 33 1.28 33 1.72
UT250-130 32 1.06 32 1.28
UT280-110 32 0.82 32 2.09
UT280-130 32 0.59 32 1.51
UT310-110 34 1.47 33 2.85
UT310-130 33 0.61 32 1.85

ST

ST250-110 34 1.29 34 1.72
ST250-130 34 1.36 34 1.28
ST280-110 34 1.12 35 2.09
ST280-130 33 1.72 34 1.51
ST310-110 34 0.68 37 2.85
ST310-130 33 0.66 36 1.85

ed reference samples. This corresponded 
to 7-25% thickness decrements. These 
decreases after taping are due to the com-
pression force during taping.

Thickness differences due to the taping 
method (T, UT, ST) were statistically sig-
nificant (p < 0.05). In contrast, the tap-
ing temperature and taping speed did not 
cause a statistically significant change in 
the thickness of taped samples (p > 0.05).

	 Discussion
In this study; the strength, thickness and 
air permeability properties of sealed 
samples with different constructions 
were determined and compared. Sew-
ing, ultrasonic bonding, ultrasonic bond-
ing-and-taping, sewing-and-taping and 
only-taping methods were used as the 
seam sealing techniques. Tape involving 
methods were varied according to the 
taping temperature and taping speed.

According to thickness test results, the 
thinnest seam lines were obtained from 
only-taped T samples. Also, after taping, 
the thickness of ultrasonically bonded 
and sewn samples decreased too. There-
fore, it can be inferred that taping results 
in flatter seams, which can contributes to 
the smoothness of seamlines. It can help 
to increase the sensorial comfort of casu-
al wear by reducing the frictional forces 
between the body and seamlines [9].

Seam strength results showed that higher 
seam strengths can be obtained by taping 
methods when compared to the sewn ref-
erence sample. Taped (T) and sewn-and-
taped (ST) samples succeeded in giving 
better results than the sewn counterpart. 
This shows that taping can successfully 
replace sewing in terms of seam strength. 
When the seam strength results were 
evaluated together with thickness results, 
it is obvious that only-taped T samples 
are more advantageous when compared 
to other constructions of taped and on-
ly-sewn samples. They provided flatter 
and thinner seams with very high seam 
strength values. Also, as it did not require 
an additional sewing process, it could 
help to save on the cost of assembling 
casual wear with tapes. This puts T type 
taping one step ahead among the all tap-
ing structures in this study.

According to air permeability results, 
taping decreased the air permeability of 
samples by up to 33%. However, it must 
be kept in mind that the air permeability 

Table 6. Thickness results of samples.

Sample code
Thickness results, mm

Warp Weft
Mean St. Dev. Mean St. Dev.

S 1.4 0.10 1.3 0.04
U 0.8 0.02 0.8 0.06

T

T250-110 0.4 0.01 0.4 0.02
T250-130 0.4 0.01 0.4 0.02
T280-110 0.4 0.02 0.4 0.04
T280-130 0.4 0.02 0.4 0.04
T310-110 0.4 0.01 0.4 0.03
T310-130 0.4 0.02 0.4 0.03

UT

UT250-110 0.7 0.02 0.7 0.04
UT250-130 0.7 0.02 0.7 0.04
UT280-110 0.6 0.07 0.7 0.02
UT280-130 0.7 0.05 0.6 0.03
UT310-110 0.7 0.04 0.7 0.02
UT310-130 0.7 0.04 0.7 0.01

ST

ST250-110 1.2 0.01 1.1 0.02
ST250-130 1.2 0.17 1.2 0.09
ST280-110 1.3 0.08 1.2 0.03
ST280-130 1.1 0.04 1.2 0.08
ST310-110 1.1 0.01 1.1 0.03
ST310-130 1.1 0.03 1.1 0.03

test is applied to a 20 cm2 area accord-
ing to the test standard. A tape of 10 mm 
width covers a big area in this 20 cm2 test 
area. In real garment conditions, the cov-
erage of the tape on the total garment is 
significantly lower. Thus, it is expected 
to have smaller decrements in air per-
meability in real wearing conditions of 
taped garments. Hence, taped samples 
can maintain the physiological comfort 
requirements of casual garments.

Overall, the fabric used in this study was 
suitable for daily wear and casual sports-
wear. As it was a woven polyester fabric, 
it was more suitable to be used in loose 
garments such as lightweight tops, pants 
and shorts, which are not in tight contact 
with the body. T type taped samples are 
proposed to be used especially in the 
straight edge seams of these garments 
like side seams. Even the taped places 
contact with the body, but it is expected 
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to improve the sensorial comfort as it has 
lower thickness when compared to sewn 
seams and has no free seam allowances. 
The sensorial comfort of taped seams 
can be explored in future studies by de-
signing and manufacturing garments 
with different seam types and conducting 
wear trials. As it would be a very detailed 
study, it is planned as a continuing work 
in the future.
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