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ABSRACT 

 
Elastic tape is considered one of the most important clothing accessories because it affects both 
the functional and aesthetic performance of the apparel. These tapes are manufactured on warp 
knitting machines with the required width. The problem that many users faced was that the elastic 
tapes used in garment manufacturing are greatly affected by repeated use due to the stress they are 
subjected to during use and during washing. Many factors and different constructions influence the 
mechanical and aesthetic performance of elastic tapes. In this study, various variables were divided 
into three groups to determine which would achieve the best conditions for tape production. The 
samples were tested with selected properties such as width shrinkage after washing, tensile strength 
and elongation percentage, length shrinkage between both sides after washing the elastic tapes, 
and tension decay (%, %). The weight and the thickness of the produced elastic tapes were also 
identified. The results of the mechanical properties were statistically analyzed, indicating that both 
the tape width and the percentage of rubber threads significantly affect the tested properties. 
Furthermore, most of the functional properties of elastic tapes improve within a range of 1.5–3.1 
cm in width and a rubber thread percentage of 83.1 %. and a rubber thread percentage of 83.1% 
and which subsequently affects the performance and durability of garments during repeated use 
and washing cycles. 
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1. Introduction 
 
Clothes, especially those containing elastic 
tape accessories, are exposed to a range of 
stresses during the washing and drying 
process, starting from slight twisting until 
deformation, leading to discomfort during 
wear (Cesa et al., 2020; Scheid et al., 2016). 
Keeping the aesthetic aspects and functional 
properties of the elastic band is the research 
goal. People choose clothes to wear 
depending on their requirements and 

preferences (Abdel-Megied & Abd El-Aziz, 
2018; El-Aziz et al., 2024; Salman & El-
Aziz, 2024; Shawky et al., 2024; Seddik et 
al., 2025), as clothes are worn every day for 
physical comfort (Abo El Naga & Abd El-
Aziz, 2023; El-Moursy et al., 2023; Salman 
& Abd El-Aziz, 2025). 
 
Elastic Band alludes to a narrow stretchy 
fabric with elongation properties made of a 
flexible substance that can revert to its 
original shape after being stretched or which 
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is woven together with other fibers to create 
these types of bands (Algamal, 2015; Gent, 
2005). In clothing, elastic bands are 
frequently used as accessories suitable for 
underwear, pants, baby clothes, sweaters, 
sportswear, aerobic clothing, T-shirts, hats, 
masks, and other clothing products (James & 
Guth, 1943). The most important factors to 
consider when choosing narrow fabric elastic 
tapes for garments are elongation, modulus, 
durability, texture, and aesthetics (Setiyana et 
al., 2018; Setiyana, Ismail, Jamari, et al., 
2021). 
 
Elastic bands can be produced by many 
techniques, such as knitting, braiding, and 
weaving (Eom & Lee, 2021). Braided elastic, 
with parallel edges, provides grip but tends to 
thin with stretching and roll more easily than 
knitted or woven elastics. It's best used in 
casings, necklines, sleeves, and areas where 
rolling isn't a major issue. Woven elastic, also 
known as non-roll elastic, is the firmest of the 
three basic elastic types, suitable for sewing 
on applications and heavier-weight fabrics. 
Finally, a warp or weft knitted elastic band is 
softer than braided or woven ones and retains 
its width when stretched (Zhang et al., 2020). 
Owing to their yarn-looping structure, 
knitting construction usually exhibits unique 
performance properties (Abdel-Megied et al., 
2020; El-Aziz et al., 2023; Elsayed et al., 
2025), It's suitable for light to mid-weight 
fabrics but lacks grip for heavier ones 
(Darwish et al., 2023; Morgham et al., 2023).  
It is also a suitable option for sew-on 
applications because it remains effective 
even after being punctured by needles. 
Compared to woven elastic, it rolls more, but 
not as much as braided elastic (Eom & Lee, 
2021). 
 
Warp-knitted elastic tapes are also called 
crochet elastic tapes (Yip, 2016). The weft 
inlay is what connects the chaining wales on 
crochet machines; the warp chains are not 
connected. The wefts present a set of stiff 
monofilament yarns to provide good 
transverse dimensional stability against 
bending or rolling of the tapes during their 
use, and warp yarns are divided into sets of 

elastic yarns inlaid therein to provide 
longitudinal stretch. Multiple sets of 
relatively inelastic yarns forming a knitted 
ground construction make up the warp-knit 
elastic fabric construction. Additionally, to 
successfully conceal the elastic yarns in the 
tape structure, the construction may include 
many covering yarns, such as textured yarns 
(Dorgham et al., 2019; Spencer  ,2001 ). 
The stitch formation to produce one course of 
loops on a crochet machine starts with weft 
inlaying, followed by moving the needle out 
of its track to clear its old warp overlap. Then, 
the warp guide rises between the needles and 
automatically overlaps from the left, 
lowering itself again on the right side of its 
needle. Finally, warp knock-over and 
underlap (Spencer  ,2001 ). 
 
Elastic yarns may have a natural or synthetic 
resource (R. Lozada et al., 2023; 
Surajarusarn, 2020). Rubber is one of the 
most important natural resources (Distler, 
2001). Numerous varieties of trees can 
produce natural rubber (Perumal et al., 2013). 
With its high tensile strength, high tear 
strength, high elasticity, good resistance to 
crack growth, and low heat buildup, natural 
rubber is regarded as a biomaterial with high-
performance qualities (Sethulekshmi et al., 
2022). Natural rubber, despite its excellent 
physical properties, has limitations like low 
heat, abrasion, and flame resistance, and poor 
ageing properties, necessitating modification 
through molecular structure changes and new 
atom introduction. Gas and petroleum are 
used to make synthetic rubber. It is produced 
by polymerization of 1,3-butadiene 
derivatives or by copolymerization of 1,3-
butadiene along with an unsaturated 
monomer (Bin Samsuri, 2010). Because of its 
excellent heat resistance and heat-ageing 
characteristics, synthetic rubber also 
performs well at high temperatures (Pocius, 
2012). 
 
The cross-section of the rubber or gum yarn 
affects its mechanical properties (Dong et al., 
2021). It could be manufactured as a circular 
or square (Karaca et al., 2015). Rubber yarns 
such as latex and spandex thread may be used 
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individually or as cores for inelastic yarns 
such as cotton and polyester yarns (Markova, 
2019). Ghada Al-Gamal has explained the 
effects of different types of elastics, 
attachment methods, and stretching degree 
on fabrics. Using 2cm width raw elastic 
proved the highest elongation results and best 
appearance. However, using 2cm width 
knitted elastic proved superior abrasion 
resistance due to its structure of single jersey. 
 
The outcome of cleaning laundry is impacted 
by four interconnected elements, as 
mentioned in the Sinner Circle (Setiyana, 
Ismail, & Jamari, 2021). The chemical 
activity of an acid or alkaline cleanser 
arrangement increases or decreases with the 
concentration of unadulterated items within 
the arrangement. Besides, mechanical action 
generates friction and pressure. Also, 
elevated temperatures support the reaction 
process and weaken the binding forces of the 
soil to the fabric. Additionally, cleaning time 
works on the textiles to remove stains 
(Abeliotis et al., 2015). Indeed, elastic 
materials are more affected by the same 
previous four elements, which weaken their 
elasticity and then break down (Kirstein & 
Rodel, 2000). 
 
In the case of the following care instructions, 
some elastic tapes joined with clothes may be 
turned wavy. Research that discusses 
enhancing mechanical properties showed that 
the tightness factor significantly impacts 
elastic band behavior, with polyester 
microfiber cross-section affecting major 
functional properties and elasticity 
characteristics, while yarn count and sample 
structure directly affect properties. In the 
mentioned research, the authors used two 
distinct polyester microfiber cross-
sections—Circular and Trilobal—and a yarn 
count of 150/288 denier was utilized to 
weave six elastic band samples. There were 
three distinct stitch densities used. The band 
construction was created using an open pillar 
stitch chain (1-0/0-1) and a spandex yarn 
count 40 tex. Each sample was created using 
a crochet knitting machine (Seddik & Ali, 
2022). Other researchers focused on 

determining the elastic properties of rubber 
bands, revealing that they do not follow 
Hooke's law and their initial lengths affect the 
stretch response for loading. The results 
showed that shorter bands stretched less than 
longer ones for similar loading, rejecting the 
hypothesis and suggesting further research on 
rubber band properties and molecular 
structure (Davuluri & Ravipati, 2022). 
 
The expected parameters to maintain the 
elastic apparel and comfort properties are 
fiber types, yarn cross-section, stitch, elastic 
yarn ratio, and tape width. This research 
focuses on the effect of different tape widths 
and rubber thread percentages in the elastic 
tapes on their mechanical properties to find a 
solution to the elastic tapes’ deformation by 
repeated use due to the stress they are 
subjected to during use and also during 
washing. 

 
2. Experimental Work 

2.1. Material 
 
Two sets of yarns were used in the warp: 
polyester 150/1 denier (which means 9000 
meters of polyester yarn weighs 150 grams), 
and rubber threads 40 (which means 40 
rubber threads can be inserted in 1 inch). One 
type of yarn is used as the weft insertion 
(polyester 150/1 denier) by two sets (front 
and back), as shown in Figure 1.  

 

Figure 1.  Image of the elastic and 
polyester threads inserted into samples 
 
  

Polyester thread 

Elastic thread 
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2.2 Method  

2.2.1 Producing Elastic Tape Samples 
 
Based on previous studies,  warp knitted 
elastic tapes were specifically chosen due to 
their superior structural stability, enhanced 
elasticity control, and better durability 

compared to weft-knitted alternatives. Three 
groups of warp knitting tapes were produced, 
with the same structure (0/1/0/1) as shown in 
Figure (2) using a Muller crochet machine, 
manufactured in Switzerland, gauge 18, with 
two guide bars, and one needle bar, to study 
the effect of different variables. Samples are 
grouped into three categories as follows: 

 
Figure 2. Illustration image of the structure of the samples: pillar stitch (closed chain) [39], 

[40] 
 
Group (1): The effect of different widths, 
with the same rubber thread percentage 
(71%) but a varying number of rubber 
threads, on the tested properties. 
 
This group consists of seven elastic tape 
samples with different numbers of rubber 

threads inserted in the warp direction (2, 6, 8, 
10, 13, 16, 20), as shown in Figure 3. In all 
samples in this group, the warp yarns were 
arranged in a 1:1 ratio (one polyester yarn to 
one rubber thread), as illustrated in Table 1.

 
Table 1. The specification of samples in Group (1) (Effect of different widths with the same 

rubber thread percentages) 

 
After producing and testing samples with 
different widths in group 1, only two widths 
(1.4 cm, and 3.1 cm) were chosen to test the 
effect of different rubber thread percentages 
on the mechanical and aesthetic properties of 

elastic tapes before and after use in the follow 
group 2. These two widths were chosen as 
they are the most needed in the clothing 
industry, especially for pants and bra 
applications.  

 
Sample 

Rubber 
threads 
Percentage 
/warp (%) 

NO. of 
Rubber 
threads 

Sample 
width 
(cm) 

Warp 
arrangement 

Weight (g) +/- 
SD. 

Thickness 
(mm) +/- SD. 

E  
 
 
71 

2 0.2  
 
1Polyester 
yarn: 
1Rubber 
thread 

1.12 +/- 0.01 1.3 +/- 0.01 
E0 6 0.9 4.48 +/- 0.08 1.36 +/- 0.02 
E1 8 1.1 5.72 +/- 0.09 1.43 +/- 0.01 
E2 10 1.5 7.28 +/- 0.03 1.38 +/- 0.01 
E3 13 2 8.95 +/- 0.07 1.36 +/- 0.01 
E4 16 2.4 11.17+/- 0.01 1.35 +/- 0.02 
E5 20 3  15.90+/- 0.28 1.49 +/- 0.08 
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                    E5      E4         E3     E2   E1 E0 E   

Figure 3.  Image of the Samples of group (1) 
 
Group (2-A): Examining the effect of varying 
rubber thread percentages on a constant 
narrow tape width of 1.4 cm, as produced by 
the machine. 
 
This group consists of three elastic tape 
samples with different rubber thread 

percentages (71%, 75.5%, and 83.1%) in the 
warp direction, all produced with the same 
width on the machine (1.4 cm) as shown in 
Figure 4. The difference in rubber thread 
content arises from varying warp 
arrangements, as illustrated in Table (2). 

 
Table 2. The specification of samples in Group (2-A) (Effect of different rubber thread 

percentage in narrow tape width) 

Sample Rubber 
threads 
percentage/ 
warp meter 
(%) 

NO. of 
Rubber 
threads 

Sample 
width on 
the 
machine 
(cm) 

Warp 
arrangement 

Weight 
(g) +/- 
SD. 

Thickness 
(mm) +/- SD. 

E1 71 8  
(Narrow 
width) 
1.4 cm 

1Poyester yarn: 
1Rubber threads 

5.7 +/- 
0.1 

1.43 +/- 0.01 

E6 75.5 10 1Poyester yarn: 
1Rubber thread, 
with adding 1 
Rubber thread per 
each side 

6.2 +/- 
0.1 

1.39 +/- 0.01 

E7 83.1 16 1Poyester 
yarn:2Rubber 
threads 

7.5 +/- 
0.1 

1.4 +/- 0.04 

 
 

 
                   E7                        E6                     E1 

Figure 4.  Image of the Samples of group (2-A) 
 



 

Article Designation: Refereed                    6 JTATM 
Volume 13, Issue 2, 2025 

 

Group (2-B) (the effect of the rubber thread 
percentage per the same wider tape width on 
the machine, 3.1 cm);  

 
This group consists of three elastic tape 
samples of different rubber thread 

percentages (71%, 78.7%, and 83.1%) in the 
warp direction, all produced with the same 
tape width on the machine (3.1 cm) as shown 
in Figure (4). The difference in rubber thread 
content arises from varying warp 
arrangements, as illustrated in Table (3). 

 
Table 3. The specification of samples in Group (2-B) (Effect of different rubber thread 

percentages in wide tape width) 
 
Sample Rubber 

threads 
Percentage 
(%) 

NO. of 
Rubber 
threads 

Sample 
width 
(cm) 

Warp 
arrangement 

Weight (g) 
+/- STDV. 

Thickness 
(mm) +/- 
STDV. 

E5 71 20 (Wider 
width) 
3.1 cm 

1 polyester yarn: 
1 Rubber thread 

16.1 +/- 0.3 1.49 +/- 0.08 

 
E8 

78.7 30 1 polyester yarn: 
2 Rubber threads: 
1 polyester yarn: 
1 Rubber thread 

17.2 +/- 1.1 1.43 +/- 0.03 

E9 83.1 40 1 polyester yarn: 
1 Rubber thread 

21.5 +/- 0.5 1.43 +/- 0.02 

 
 

 
                E9 E8 E5 

Figure 5.  Image of the Samples of group (2-B) 
 
2.2.2 Characterization methods of elastic 

tapes 
 
All the samples were handled according to 
the conditions specified in the standard 
method (ISO 139) for textile testing for 24 
hours, which include a temperature of 20 ± 2 
oC and a relative humidity of 65 ± 4%. The 
samples were washed according to the 
standard method (AATCC standard 2020 
reference liquid detergent without optical 
brightener (WOB) and an accelerated 
laundering machine with a temperature of 90 
°C) and flat dried at room temperature 
according to (ISO 6330). The longitudinal 
weight regarding (ASTM D 3776), and the 

thickness of the samples regarding (ASTM  
D1777) were identified. Also, six different 
properties were measured after relaxation for 
24 hours. Five parallel measurements were 
taken for each sample, and the mean was 
used. These properties were: 
 
The elastic tapes' width shrinkage was 
determined by measuring the tapes' width 
before and after washing (using a standard 
sample length of 10 cm at 90 °C). The 
shrinkage in width for each sample was then 
calculated using formula (1) as follows: 
 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ 𝑠𝑠ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 % =  (𝑊𝑊2−𝑊𝑊1)

𝑊𝑊1
 𝑥𝑥 100 −

− − −−−− (1)            
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Where;  W1  is the width before washing, and 

W2 is the width after washing. 
 
The tensile strength and the elongation 
percentage were determined using an Instron 
testing machine (Instron, USA) in 
accordance with (ASTM D 3759/D3759M-
05).  
 
Length shrinkage after washing between the 
two sides was measured by cutting a standard 
length of 10 cm from each sample and then 
washing at 90 °C according to the mentioned 
standard. After washing, both sides of each 
sample were measured, and the average was 
calculated. The length shrinkage percentage 
after washing was then calculated by the 
following formula (2): 
 
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ 𝑠𝑠ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 %

=  
(𝐿𝐿2 − 𝐿𝐿1)

𝐿𝐿1
 𝑥𝑥 100 − −

− −−−− (2) 
Where;  L1 is the length of side 1 (left side in 
m/c direction),  L2 is the length of side 2 (right 
side in m/c direction)         
 
Elasticity (%)  :Also, the extensometer test 
was conducted using the specified force of 15 
N and a pre-tension force of 0.5 N to 
determine the elasticity (%) before and after 
washing following the standard method (BS 
4952(2.2)).  Formula (3) was used to calculate 
the percentage variation in elasticity after 
washing. 
 
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑖𝑖𝑖𝑖 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 %

=  
(𝐸𝐸𝑏𝑏 − 𝐸𝐸𝑎𝑎)

𝐸𝐸𝑎𝑎
 𝑥𝑥 100 − −

− −−−− (3) 
Where;  Eb is the elasticity before washing,  
and Ea is the elasticity after washing.      
 
Tension decay (%): An extensometer with a 
constant rate of extension, capable of cycling 
3 cycles with test lengths of 200 mm, was 
used to determine the tension decay (%) 
according to the standard method (BS 
4952(2.3)). 
 

2.2.3 Statistical Analysis methods of the 
elastic tapes  

 
Correlation factors (R2) were calculated to 
determine the suitability of a linear 
relationship between factors (the number of 
rubber threads with the same rubber thread 
percentage in different widths and the effect 
of the rubber thread percentage per the same 
tape width in cases of narrow and wide 
widths) and the measured properties in each 
group. Furthermore, the results were 
statistically ranked by radar charts in each 
group to identify the best samples based on 
their performance. Finally, a one-way 
ANOVA test with a P-value at a 95% 
confidence level was performed to study the 
significant effect of the selected factors on 
the tested properties, within the same 
framework. 
 
3. Result and discussion 

3.1 Analysis of group 1 
 
Group (1) studied the effect of different 
widths of the elastic tapes with the same 
rubber thread percentage on various 
characteristics. The results showed that 
varying the width of the elastic tape had a 
significant impact on the characteristics 
being studied: tensile strength at maximum 
load, the elongation at maximum load, the 
elasticity percentage, and the tension decay. 
However, it had an insignificant effect on the 
width shrinkage percentage and the shrinkage 
length. Therefore, it is important to consider 
both length and width when determining the 
best dimensions to prevent tape distortion 
and maintain dimensional stability after 
washing. 

3.1.1 The relation between the sample 
width and the width shrinkage 
percentage after the washing 
process at 90 oC. 

 
The sample width refers to the initial 
measurement of the fabric before washing, 
while the width shrinkage percentage 
indicates the reduction in fabric width after 
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being washed, as the temperature has a high 
effect on the mechanical properties because it 
changes the molecular arrangement of 
rubber, and this is compatible with Kaiser 
study (Wang et al., 2013). This relationship is 

important for understanding how different 
elastic tape widths will react to washing and 
how to make adjustments for optimal designs 
accordingly. 

 

 

 

 

 

 

 

 
 
                                        A                                                                       B 

 
From Figure (6 -A), it is clear that width 
shrinkage occurs at all selected widths after 
washing, except for the sample with two 
rubber threads, which show no change. As 
illustrated in Figure (6-B), the shrinkage 
percentage increases with the sample width, 
but this increase is not linearly related to the 
width, as indicated by the R² value, 
suggesting that width is not the only factor 
affecting shrinkage. 
 
3.1.2 The relation between the sample 

width and the tensile strength at 
maximum load  

 
Figure (7) also demonstrates that the tensile 
strength at maximum load decreases as the 
sample width increases, indicating a strong 
negative correlation between these two 
variables. This suggests that the sample width 
plays a significant role in determining the 
tensile strength of the elastic tape. This  
agrees with mentioned that changing the 

dimensions of the sample affects the tensile 
strength and elongation (Zhao et al., 2009). 

Figure 7. The relation between group 1 
samples’ width and tensile strength at 
maximum load 

 

Figure 6. A Group 1 sample’s width before and after washing versus sample code, B 
Relation between group 1 sample’s width and width shrinkage% after washing 
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Samples with smaller widths exhibit higher 
tensile strength. this may be due to having 
fewer rubber threads in the warp direction. 
This could be attributed to the distribution of 
tension across the fabric, where narrower 
samples experience more uniform stress. 
Additionally, the presence of fewer rubber 
threads in narrower samples may contribute 
to their higher tensile strength after washing.  
 

3.1.3 The relation between the sample 
width and the elongation at 
maximum load  

Figure (8) exhibits lower elongation at 
maximum load of the narrower samples 
compared to the wider samples, indicating 
that sample width affects the fabric's ability 
to stretch before breaking. This suggests that 
the distribution of tension and rubber threads 
in the warp direction may influence not only 
the tensile strength but also the elongation 
properties of the fabric after washing.

 

 

 

 

 

Figure 8. The relation between group 1 samples’ width and elongation at maximum load 
 

Also, Figure (8) clearly shows that the 
relationship between elongation at maximum 
load and elastic tape width is a moderate 
positive linear correlation.  However, the 
increase is minimal for the sample with a 
width greater than 1.1 cm.   
 

3.1.4 The relation between sample width 
and length shrinkage between the 
two sides of 10 cm after washing at 
90 °C 

 
From Figure (9-A), it is clear that there is a 
difference in the length of shrinkage between 
the two sides after washing, particularly for 
the sample with less width and two rubber 
threads.  As shown in Figure (9-B), the length 
shrinkage percentage decreases with an 
increase in width up to 2 cm, after which it 
begins to increase.  
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A                                                                    B 
Figure 9. A Group 1 samples’ length at side 1 and side 2 of each sample after washing versus 
sample code, B  The relation between group 1 sample’s width and the mean of length 
shrinkage after washing 

That means tape distortion will increase 
when the width exceeds 2 cm. Therefore, to 
ensure better functional performance, the 
optimal width for this property should not 
exceed 2 cm, indicating that sample width 
can also influence the fabric's dimensional 
stability after washing. 
 

3.1.5 The relation between sample width 
and the percentage of elasticity at 15 
N with pre-tension 0.5N 

 
The elasticity of elastic tapes measures how 
much the tape can stretch and return to its 
original shape. This property is crucial for 
providing comfortable and secure support 
during physical activities. As shown in 
Figure (10-A), it is clear that the elasticity in 
the sample length after washing is higher than 
before for widths up to 1.1 cm, after which it 
starts to decrease. However, the difference 
begins to increase again when the width 
exceeds 2 cm.  
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Figure (10-B) indicates that the optimal 
width in this case is 2 cm, as the tape 
maintains its dimensional stability and 
exhibits greater resistance to changes or 
distortion after washing. Therefore, this 
width is preferred for functional and aesthetic 
performance. 
 

3.1.6 The relationship between Sample 
width and the percentage of tension 
decay 

 
When interpreting the tension decay as a 
percentage loss in the tape elasticity, Figure 
(11) shows that the tension decay has an 
inverse linear relationship with tape width up 
to 1.1cm. Beyond this point, the relationship 
stabilizes, remaining nearly constant for 
wider tapes.  

 

 

 

 

 
 

 
Figure 11. The relation between group 1 samples’ width and the tension decay 

 
  

    A                                                                        B 
Figure 10. A The percentage of elasticity at 15 N with Pre-tension 0.5N before and after 
washing and group 1 samples’ width, B The relation between group 1 sample’s width and the 
difference in elasticity percentage after washing 
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This indicates that this property improves as 
tape width increases up to 1.5 cm, and after 
which it remains nearly constant as width 
continues to increase, given that the rubber 
thread percentage in the warp remains 
constant at 71%. 
 
Thus, these results can be derived from the 
analysis of Group (1): 
- The width of the elastic tape has 

significantly affected  the tested 
properties  

- Most properties improve as the width 
increases, up to 2 cm. 

- The optimal width, when the rubber 
thread percentage in the warp remains 
constant at 71%, is 1.1 cm. 

3.1.7 Ranking of Elastic Tape Samples in 
Group 1 Using Radar Charts 
 
Radar charts for Group 1 of the elastic tape 
samples, shown in Figure (12), reveal that 
sample E2, with 10 rubber thread yarns per 
width, ranked first with the largest radar chart 
area. It exhibited superior performance 
across all tested properties compared to 
samples with a larger number of rubber 
thread yarns, such as E5 and others, as 
demonstrated in Figure (12) and Table (4). 

Figure 12. radar charts of group 1 samples with the same rubber thread percentages, 
different widths) 

 

Table 4. Radar chart areas of group 1 samples 

Rank Sample code Number of rubber 
threads 

Radar chart area 

1 E2 10 21460 
2 E5 20 18599 
3 E3 13 18566 
4 E4 16 17862 
5 E1 8 14217 
6 E0 6 10910 
7 E 2 7223 
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3.2 Analysis of Group 2  
 
Group 2 studied the effect of different rubber 
thread percentages at the same width, using 
narrow (1.4 cm) and wide (3.1 cm) tape 
widths. The narrow-width group included 
rubber thread percentages of 71%, 75.5%, 
and 83.1%, while the wide-width group had 
rubber thread percentages of 71%, 78.3%, 
and 83.1%. The results showed a clear 
difference in the mechanical properties 
between the two groups. Further analysis 
revealed that the narrow-width group 
exhibited greater elasticity and shrinkage 
after washing compared to the wide-width 
group. 
 

3.2.1 Group (2-A) (Effect of different 
Rubber thread percentages in the 
same width used narrow-width  of 
1.4 cm on the machine) 

 
The narrow-width group with rubber thread 
percentages of 71%, 75.5%, and 83.1% 
exhibited varying mechanical properties, 
indicating that the rubber thread percentage 
significantly affects the elasticity and tension 
decay, but has little impact on width 
shrinkage after washing, tensile strength at 
maximum load, elongation at maximum load, 
and length shrinkage after washing. 
 
3.2.1.1 The relation between the rubber 

thread percentages and the width 
shrinkage percentage after the 
washing process  

 
The findings suggest that the percentage of 
rubber thread in the narrow tape composition 
plays a crucial role in determining its 
mechanical properties. Specifically, the 
effect of decreasing the width of the elastic 
tape varies depending on the rubber thread 
content. 

 

 

 

 

 

 

 

 

A                                                                               B 
Figure 13. A Group 2-A samples’ width with different rubber thread percentages before 
and after washing versus sample code, B Relation between group 2-A samples’ rubber 
thread percentages and width shrinkage% after washing 
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As shown in Figure (13-A), there is a clear 
difference in the widths of the different 
rubber thread percentages before and after 
washing. Figure (13-B) demonstrates that the 
expected linear relationship is not applicable 
between the rubber thread percentages and 
width shrinkage. The least width shrinkage 
occurs at a rubber thread percentage of 83.1% 
in the case of narrow tape, which is 
preferable. 

3.2.1.2 The relation between the rubber 
thread percentages and the tensile 
strength at maximum load 

 
This data is crucial for determining the 
optimal rubber thread percentage to achieve 
the desired tensile strength in elastic tape 
production. Figure (14) clearly shows that 
tensile strength decreases as the rubber thread 
percentage increases from 71% to 75.5%, 
then begins to increase up to 83%. 

 

 

 

 
 

  
Figure 14. The relation between group 2-A samples’ percentage of rubber thread and 

tensile strength at maximum load 
 

This can be explained by the effect of rubber 
threads on weakening the fabric structure. It 
is also important to note that the relationship 
shown is not linear. The optimal condition for 
this case, in terms of rubber thread 
percentage, was 71%. 
 

3.2.1.3 The relation between the rubber 
thread percentages and the 
elongation at maximum load 

 
The results indicate that elongation at 
maximum load also follows a similar trend, 
initially decreasing and then increasing with 
the percentage of rubber threads.  

 

 

 

 

 
Figure 15. The relation between group 2-A samples’ percentage of rubber thread and 

elongation at maximum load 
 
This non-linear relationship, as shown in 
Figure (15), suggests that there may be an 
optimal percentage of rubber thread for 
achieving both strength and flexibility in the 

tape. The optimal condition is 83.1% for the 
narrow tape. 
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3.2.1.4 The relation between rubber 
thread percentages and the 
shrinkage length of 10 cm between 
the two sides after washing 

It is clear from Figure (16-A) that there is a 
significant difference in length shrinkage 
between the two sides of the E6 and E7 
samples (71% and 83.1% rubber threads) 
after washing. However, sample E1 shows 
minimal change in its length after washing 

This indicates that the presence of rubber 
threads affects not only the elongation at 
maximum load but also the shrinkage 
properties of the fabric.  

         A                                                                            B 
Figure 16. A Group 2-A samples’ length at side 1 and side 2 of each sample after washing 
versus sample code, B The relation between group 2-A samples’ rubber thread percentage 
and the mean of length shrinkage after washing 

3.2.1.5 The relation between rubber 
thread percentages and the 
percentage of elasticity at 15 N 
with pre-tension 0.5 N . 

Figure (17-A) illustrates the percentage of 
elasticity at 15 N with a pre-tension of 0.5 N, 
before and after washing, for each rubber 
thread percentage. It is clear from Figure (17-
B) that the relationship between the rubber

thread percentages and the difference in 
elasticity at 15 N with a pre-tension of 0.5 N 
after washing is inversely linear (R² = 0.79). 
As the rubber thread percentage increases, 
the difference in elasticity decreases. 
Therefore, based on the smallest change in 
elasticity, the rubber thread percentage of 
83.1% is optimal for narrow width. 
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A                                                                        B 

Figure 17. A The percentage of elasticity at 15 N with Pre-tension 0.5N before and after 
washing versus group 2-A samples’ rubber thread percentage, B The relation between group 
2-A samples’ rubber thread percentage and the difference in elasticity percentage after 
washing 
 
3.2.1.6 The relationship between rubber 

thread percentages and the 
percentage of tension decay 

 
From Figure (18), it is clear that the 
relationship between the rubber thread 

percentage and tension decay is a closed, 
inverse linear relation with a correlation 
coefficient (R² = 0.88). Therefore, at higher 
rubber thread percentages (83.1%), tension 
decay improves. 

 

 
Figure 18. The relation between group 2-A samples’ rubber threads' percentage and the 

tension decay 
 
So, we can obtain these results from the 
analysis of group 2-A with a narrow tape 
machine with a width of 1.4 cm: 
 

- The rubber threads' percentage of 
elastic tape has a significant effect on 
the tested properties. 

- Most of the properties improved by 
increasing the rubber threads' 
percentage, up to 83.1%. 

- The optimum case is at a rubber thread 
percentage of 83.1%. 
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3.2.1.7 Ranking of Elastic Tape Samples in 
Group 2-A 

Radar charts of group 2- A of the elastic tape 
samples Figure. (19); showed that sample E7 
with the higher percentage of rubber threads 
83.1% in the same narrow tape width by 
arranging warp (1poyester yarn:2rubber 
threads yarn); ranked in first place with the 
higher radar chart area as it acted higher 

performance in all samples with different 
rubber thread percentages in narrow width 
tape by radar chart area (21460) followed by 
E1, and E6 as shown in Table (5); that means 
that in the same width higher percentage of 
rubber threads is preferred in narrow tape but 
in calculated limits as there is not a higher 
difference between radar chart area of sample 
E1 (Radar chart area= 18599), and E6 (Radar 
chart area=18566 

 

 

 

 

 

 

 

 
 
Figure 19. Radar charts of group 2-A samples with different rubber thread percentages in 

narrow tape width (1.4cm) 
 

Table 5. Radar chart areas of the second sample group 2-A 

 
 

3.2.2 Group (2-B) (Effect of different 
Rubber thread percentages in the 
same width used wide-width  of 3.1 
cm on the machine) 

 
With rubber thread percentages of 71%, 
75.5%, and 83.1%, the samples exhibited 
varying mechanical properties, indicating 
that the percentage of rubber thread has a 
significant impact on width shrinkage after 
washing, elongation at maximum load, 

percentage of elasticity, and tension decay, 
but an insignificant impact on tensile strength 
at maximum load and length shrinkage after 
washing. 
 
 
 
 
 
 

Rank Sample code Rubber threads 
percentage/warp 

Radar chart area 

1 E7 83.1 21460 
2 E1 71 18599 
3 E6 75.5 18566 
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3.2.2.1 The relation between the rubber 
thread percentages and the width 
Shrinkage percentage after the 
washing process 

Figure (20-A) shows that there is a difference 
between tape width shrinkage before and 
after washing. From Figure (20-B), it is 
evident that the relationship is inversely 

linear with a correlation coefficient (R² = 
0.75). This indicates that as the rubber thread 
percentage increases from 71% to 78.7%, the 
width shrinkage decreases, but it remains 
constant beyond this point. Therefore, width 
shrinkage improves with rubber thread 
percentages above 78.7%, with the optimal 
condition being a rubber thread percentage of 
83.1%. 

 

 
A                                                                                      B 

Figure 20. A Group 2-B samples’ width with different rubber thread percentages before 
and after washing versus sample code, B Relation between group 2-B samples’ rubber 
thread percentages and width shrinkage% after washing 
 
3.2.2.2 The relation between the rubber 

thread percentages and the tensile 
strength at maximum load. 

 
From Figure (21), we can notice the relation 
between the percentage of rubber threads and 

the percentage of the tensile strength at 
maximum. load after washing is not linear. 
The best condition here is 71% of rubber 
threads. 
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Figure 21. The relation between group 2-B samples’ percentage of rubber thread and 
tensile strength at maximum load 

 
3.2.2.3 The relation between the rubber 

thread percentages and the 
elongation at maximum load  

 
Figure (22) shows a direct linear relationship 
with a correlation coefficient (R² = 0.81), 

indicating that as the rubber thread 
percentage increases, the elongation at 
maximum load also increases. Therefore, the 
optimal condition for this property is sample 
E9 with 83.1% rubber threads. 

 

 
 

Figure 22. The relation between group 2-B samples’ percentage of rubber thread and 
elongation at maximum load 

 
3.2.2.4 The relation between rubber 

thread percentages and shrinkage 
length of 10 cm after washing  

 
As shown in Figure (23-A), there is a clear 
difference in sample length between the two 

sides of the elastic tape after washing. Figure 
(23-B) demonstrates that, In this case, the 
optimal condition is a rubber thread 
percentage of 71%, as it exhibits the least 
difference between the two sides. 

 
 
 
 

0.747

0.65

0.7

y = -0.0235x + 0.746
R² = 0.2347

71(E5 ) 78.7(E8) 83.1(E9)Te
ns

ile
  s

tr
en

gt
h 

at
 m

ax
im

um
 

lo
ad

 
(k

gf
/m

m
2)

 

Rubber threads percentage (%)

474 475

485

y = 5.5x + 467
R² = 0.8176

71(E5 ) 78.7(E8) 83.1(E9)El
on

ga
tio

n 
 a

t m
ax

im
um

 lo
ad

 
(%

)

Rubber threads percentage (%)



 

Article Designation: Refereed                    20 JTATM 
Volume 13, Issue 2, 2025 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

A                                                                                       B 
Figure 23. A Group 2-B samples’ length at side 1 and side 2 of each sample after washing 
versus sample code and rubber    threads percentage, B The relation between group 2-B 
samples’ rubber thread percentage and the mean of length shrinkage after washing 
 
3.2.2.2 The relation between rubber 

thread percentages and the 
percentage of elasticity at 15 N 
with pre-tension 0.5 N 

 
As shown in Figure (24-A), at 71%, the tape 
experiences an extension in length after 

washing, while at 75.5% and 83.1% rubber 
thread percentages, the tape length contracts 
after washing. The relationship is not linear. 
Figure (24-B) clearly shows that the optimal 
condition is at a rubber thread percentage of 
83.1% (E9), where there is the least 
deformation.

 

 

 

 

 

 

 

 
 

A                                                                                  B 
Figure 24. A The percentage of elasticity at 15 N with Pre-tension 0.5N before and after 
washing versus group 2-B samples’ rubber thread percentage, B The relation between 
group 2-B samples’ rubber thread percentage and the difference in elasticity percentage 
after washing 
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Figure 25. The relation between group 2-B samples’ rubber threads' percentage and the 
tension decay 

 
3.2.2.3 The relationship between rubber 

thread percentages and the 
percentage tension decay  

 
As shown in Figure (25), the relationship 
between the rubber thread percentages and the 
tension decay is a close, reverse linear 
correlation (R² = 0.98). This indicates that as 
the rubber thread percentage increases, the 
tension decay decreases. Therefore, the highest 
rubber thread percentage yields the lowest 
tension decay. percentage 83.1% will be the 
best for the tension decay property. 
 
From the analysis of group 2-B with a wide 
tape width of 3 cm, the following results can 
be concluded: 

- The percentage of rubber threads in the 
elastic tape significantly affects the tested 
properties. 

- The tensile properties and the shrinkage 
length percentage between the two sides 
after washing are optimal at a rubber 
thread percentage of 71%. 

- The other tested properties are improved 
with a rubber thread percentage of 83.1%. 

 
3.2.2.7 Ranking of Elastic Tape Samples in 

Group 2-B 
 
Radar charts for group 2-B of elastic tape 
samples (Figure 26) showed that sample E9, 
with the highest rubber thread percentage 
(83.1%) in the same wide tape width (arranged 
as 1 polyester yarn: 2 rubber thread yarns), 
ranked first with the largest radar chart area, 
indicating superior performance compared to 
other samples. Sample E9 achieved a radar 
chart area of 22054, followed by E8 and E5, as 
shown in Table 6. This indicates that, for the 
same wide tape width, a higher percentage of 
rubber threads is preferred, although there are 
limits to the improvement. 
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Figure 26. Radar charts of the group 2-B samples with different rubber thread percentages 
in a wider tape width (3.1 cm) 

 
Table 6. Radar chart areas of the third sample group 

Rank Sample code Rubber thread percentages /warp Radar chart area 
1 E9 83.1 22054 
2 E8 78.7 19138 
3 E5 71 15931 

 
3.3 Analysis of variance (ANOVA test) of 

the elastic tapes 
 
Due to the influence of various variables on the 
attributes of the obtained samples, an ANOVA 
test with a 95% confidence level and P-value 
was conducted, as shown in Table 7. The 
results revealed that the width of the elastic 
tape significantly affected several properties of 
the samples, including width shrinkage after 

washing, tensile strength at maximum load, 
elongation at maximum load, length shrinkage 
after washing, elasticity variation (%) at 15 N 
with pre-tension 0.5 N, and tension decay 
percentage. Additionally, the variation in 
rubber thread percentages (ranging from two 
to twenty threads) significantly impacted all 
tested properties for both narrow and wide tape 
widths. 
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Table 7. P-values of ANOVA test of elastic tape samples 

 

Characteristic 

ANOVA p-value 
Different width Rubber threads percentage 

Narrow width 
tape 

Wide width tape 

Width Shrinkage after washing (%) 4.6E-223* 1.1E-11* 1.52E-95* 

Tensile strength at maximum load 
(kgf/mm2) 

1.5E-216* 2.22E-92* 1.8E-89* 

Elongation at maximum load (%) 2.13E-32* 1.32E-12* 2.43E-06* 

Length Shrinkage after washing (%) 1.16E-20* 8.62E-08* 8.36E-07* 

Elasticity variation (%) at 15 N with 
Pre-tension 0.5N 

1.23E-30* 0.018403* 3.81E-08* 

Tension Decay (%) 4.7E-227* 1.65E-18* 6.09E-92* 

*Significant effect using confidence limit 95% 

 
4. Conclusion 
 
Garment manufacturing needs elastic tapes in 
many applications such as pants and bras’ 
elastic tapes, but actually these products face 
aesthetic and durability deformation 
problems during daily use and washing 
cycles. This study aimed to find a solution for 
this deformation. For this purpose, elastic 
tape samples with varying widths and rubber 
thread percentages in the warp were produced 
and tested. The thickness and longitudinal 
weight of the tapes were measured, and 
correlation coefficients were calculated to 
assess the impact of these variables. Radar 
charts were employed for sample evaluation, 
and a one-way ANOVA test was conducted. 
The main findings are as follows: 

- Thickness and longitudinal weight of the 
elastic tapes varied with different widths 
and rubber thread percentages. 

- Elastic tape width significantly impacted 
its properties, with the 1.5 cm width 
showing the best mechanical 
performance. 

- Rubber thread percentages also 
influenced the performance of both 
narrow and wide elastic tapes. In the 
narrow-width group (1.4 cm), sample E7, 
with 83.1% rubber thread, exhibited the 
highest performance. Similarly, in the 
wide-width group (3.1 cm), sample E9, 
also with 83.1% rubber thread, 
demonstrated superior properties. 

- Overall, increasing both the width and 
rubber thread percentage resulted in 
improved performance of the elastic tape. 

- Based on these findings, it is 
recommended to use elastic tapes within 
a width range of 1.5–3.1 cm, as this range 
optimizes most mechanical properties. 
Additionally, a rubber thread percentage 
of 83.1% is ideal to achieve good 
performance elastic tapes Suitable for use 
in clothing products, durable and 
performs well, maintaining its 
performance after use and washing.  
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