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Chapter

Compression and Recovery
Functional Application for the
Sportswear Fabric

Ramvratan Guru, Rajeev Kumar Varshney and Rohit Kumar

Abstract

A sportswear fabric should have good stretch and recovery behaviour. This
study facilitates an effective design and development of high-stretch sportswear
using different knitted structure. Nine types of knitted fabrics were produced by
varying the type of fibre and type of structure. An experiment work is done to
study the fabric size, stretch and elastic recovery properties. The statistical analysis
showed that type of fibre and type of knitted structure significantly influence
the fabric stretch. Plain structure fabric showed higher stretch value than rib and
interlock-knitted fabric. The high stitch density caused by reduce stretch value in
the course- and wale-wise due to yarn floating rather than overlapping influenced
the weight and thickness of knitted fabrics. The elastic recovery analysis indicated
that the recovery value of plain-knitted structure with polyester-spandex blend is
higher among studied fabrics. However, the recovery value decreased over time in
comparison with stretch value.

Keywords: sportswear fabric, stretch and recovery performance

1. Introduction

The stretchable knitted structures play an important role in body comfort
and fit. The knitted structures allow wearer the freedom of movement with least
resistance due to their stretchability and elasticity [1, 2]. Regular physical activity
is important to maintain consistency in human health. To achieve comfort and
functional support during various activities such as walking, stretching, jogging,
athletes and sports persons use sports clothing [3, 4]. Stretch properties represent a
significant mechanical property of clothing material that influences clothing pres-
sure. Stretch properties are measured as the percentage of fabric stretch and fabric
growth, and recovery [5-7].

Basically, two types of category are normally available in sportswear stretch
cloths: First is comfort stretch range of about 20-30% and other power stretch cloth
range approximately 30-50%. The basic designs are used for high-active sportswear
garments in elasticity and compression cloths.

The power stretch cloths need to have more extensibility and quicker recovery
performance [8-12].

The high-compression clothes are more utilized medical compression gar-
ments and sportswear cloths sectors. Study on the evaluation of elastic recovery
of cotton-knitted fabrics was conducted [13-16]. It is found that length of these
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cloths is different to a more extent value. As per information, fabric elongation is
different from single-structure knit fabric in lengthwise ranging 3-6%, with double
cloth knit having lengthwise 3-50%. Elongation in single-structure knit fabric is of
widthwise 3-180% and double cloth knit elongation in widthwise of 6-155%. It is
elastic recovery different from single-structure knit lengthwise to other structures.
According to author, single-knit lengthwise elastic recovery is of range 100-56%,
double cloth knit lengthwise elastic recovery is of range 100-57%, and single-struc-
ture knit elastic recovery widthwise is found 100-56%, double cloth knit widthwise
elasticity recovery is of range 100-30% that is basically found in knit cloths [13-17].

Plain knit had more elongation and growth as compared with double knit.
The growth after 30 seconds or relaxation was observed to be 36% and plain
knit stretched more under load and after the load was released that exhibited
more growth than the double knit. The stretch of knit fabrics is affected more
by the cover factor than by the yarn diameter, loop length, loop density or the
shape of the loop [18]. Spandex is widely used in sportswear for its superior
stretch and recovery properties. Dynamic elastic repossession can assess the
immediate apparel response due to body movement; the elastic bare-plaited
fabric is found to have higher dynamic elastic recovery than cloth knitted from
lycra core spun. The basic phenomena are essential use in stretch and recovery of
the cloth to pressure generated by compression apparel. It is found that knitted
fabric in normal stretch and recovery performance as compared to compression
sportswear garment. Therefore, Lycra is used in knit cloths in blend with other
fibres for proper utilization of stretchability and elasticity recovery properties in
sportswear garments [19, 20].

The objective of this study was to investigate the effect of the stretch, growth
fabric and recovery properties of polyester-spandex-blended, micro-polyester and
100% polyester-knitted fabric. These works could facilitate the design and develop-
ment of sportswear with the required stretch and recovery properties.

2. Materials and methods
2.1 Materials used

In this study, three different filament yarns—polyester, micro-polyester, blend
of polyester-spandex and non-circular cross section were used to prepare samples.
The knitted structures—single jersey, interlock and rib fabrics were produced on
weft-circular knitting machine (Table1).

2.2 Testing methods

The knitted fabric was conditioned in standard atmospheric condition of
65+/—2% RH and 27+/-2°C temperature and the samples are in condition for
24 hours before testing. The stretch and recovery property tester was using the
ASTM D 2594-2004 (2008) standard.

2.2.1 Statistical analysis

One-way ANOVA (Minitab 17 statistics software) tests were used to determine
the significant difference between the stretch and elastic recovery properties of
fabrics. In order to infer whether the parameters were significant or not, p values
were examined. If the p’ value of a parameter is greater than 0.05 (p > 0.05), the
parameter was not significant and should not be investigated.
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Sample Fabric Wpcm Cpcm Stitch Areal Thickness Looplength  Tightness
structure density  density (mm) (cm) factor
(loop/cmz) ( g/mz) (Tex'?/cm)
PET/spandex  Plain 1417  20.83 295.16 115 0.57 0.39 8.53
Rib 1612 2413 388.97 155 0.65 0.32 10.74
Interlock 1931  26.18 527.54 178 0.81 0.26 12.80
Micro-PET Plain 17.28 1543 266.63 105 0.50 0.39 8.53
Rib 1612 20.14 324.65 144 0.58 0.31 10.74
Interlock  22.67 1712 388.11 161 0.68 0.26 12.80
100% PET Plain 1712 13.21 226.15 98 0.41 0.39 8.53
Rib 1532 20.82 31891 136 0.52 0.32 10.74
Interlock  22.15 16.83 372.78 155 0.62 0.26 12.80

*Wpcem—uwale per centimetre, Cpcm—course per centimetre, * PET—polyester;, * all three fabrics are made from
100 deniers polyester tex 11.11.

Table 1.
Geometrical properties of knitted fabrics.

2.2.2 Fabric particulars

The fabric details measured were as follows: wales per inch (wpi), course per
inch (cpi), linear density of yarn (denier), fabric mass per unit area (g/mz) and
fabric thickness (mm). The wpi and cpi were measured according to the ASTM
D-3887 Standard. Yarn linear density and fabric mass per unit area were measured
according to ASTM D 1059-01 and ASTM D 3776 M-09a standard respectively by
using an electronic weighing balance. Thickness testing was carried out as per BS
EN ISO 9073-2 using the electronic thickness tester at 0.25-KPa pressure. For each
sample, 30 readings were taken to get the result at 95% confidence level.

2.2.3 Stretch and recovery property tester

ASTM D 2594-2004 (2008) standard test method for stretch properties of knit-
ted fabric was applied under the form-fitting standards as sample size 18.3 cm in
wale direction and 21.5 cm in course direction positions and 4.54 kgf weight apply
in the Fabric specimen of the lower bench marks were calculated after 60 sand 1 h.
Stretch percentage points to test the stretch and elastic recovery of the experimental
samples are as shown in Figures 1 and 2.

Stretch, growth and recovery percentages were calculated by Egs. (1)-(3)
given below:

B-A

Fabric stretch% = TX 100 (1)
Fabric growth% = %X 100 (2)
Fabric recovery% = %X 100 (3)

where A: the distance marked between the upper and bottom parts of the fabric;
B: the distance between the marked points after holding the sample for 5 min with
4.54 Kgf load; C: the distance between the marked points after 5-min relaxation.
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Figure 1.
Stretch and recovery setup assembly.

Figure 2.
Fabric stretch equipment.

3. Results and discussion

Figures 3 and 4 and show knit specimen changes in weight and thickness. The
heavier weight of knit specimen was, the thicker its thickness was in descending order
‘interlock structure polyester-spandex, micro-polyester and 100% polyester-knitted
fabric), ‘rib structure polyester-spandex, micro-polyester and 100% polyester-knitted
fabric’, ‘plain structure polyester-spandex, micro-polyester and 100% polyester-
knitted fabric’ Thickness and weight of specimen were influenced by density change
caused by reducing and increasing fabric size. Thus, high density caused by floating
in course-wise causes more knitted fabric weight gain than by loop overlapping.
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Fabric weight comparison on knit structure.
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Fabric thickness comparison on knit structure.

3.1 Stretch properties

Figure 5 and Tables 2 and 3 indicate that the stretch value decreased in rib and
interlock structure-knitted fabrics and direction except for wale-wise and course-
wise as compared with plain structure fabrics. The plain structure fabrics have
higher-stretch (%) polyester-spandex blend because lycra filament yarn have more
stretch properties compared with other polyester and micro-polyester yarn [1].

The interlock structure three-knitted fabric showed a sharp decrease, while rib
interlock structure three-knitted fabric had relatively small decrease. It seems that
the material effect by stretch properties added to the reducing cause by yarn float-
ing in the fabric structure, which held the loops reduced the stretch value of the
fabric. The stretch value in course-wise is influenced by yarn floating rather than
loop overlapping, while stretch value in wale-wise is caused by loop overlapping
versus yarn floating [10].
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Figure 5.
Stretch comparison on knit structure.

Type of fabric Structure Fabric stretch and recovery properties
A B C D E F

Polyester-spandex blende knitted Plain 90.28 55.71 6478 4271 28.14 34.87
Polyester-spandex blende knitted Interlock 7014  29.07 35.85 33.25 19.85 20.11
Polyester-spandex blende knitted Rib 80.21 38.57 51.21 39.51 2242 2731
Micro-polyester knitted Plain 78.85 45.21 47.85 30.12 16.42 1791
Micro-polyester knitted Interlock 5621 2022 2556 2214 12.34 12.87
Micro-polyester knitted Rib 64.85 33.28 35.61 30.81 14.78 16.83
100% Polyester knitted Plain 82.12 52.27 55.22 35.14 20.15 2512
100% Polyester knitted Interlock 59.85 2512 31.09 2737 13.57 14.85
100% Polyester knitted Rib 68.24 3541 3917 28.15 18.89 22.01

Note: A —Course-wise stretch percentage, B —course-wise recovery after 60 sec %, C—course-wise recovery after
1 hr. %, D—Wale-wise stretch percentage, E—wale-wise recovery after 60 sec %, F—wale-wise recovery after
1 hr. %.

Table 2.
Mean value of stretch and vecovery test vesults.

Stretch Degree of Sum of square Meansquarevalue  Fyerua Feitica  Pvalue
properties freedom df value SS MS

9 50194 557.7 5413 2.261 0.000
B 9 57284 636.4 3.167 2.261 0.006
C 9 6006.0 6673 2.910 2.261 0.010
D 9 12841 385.5 2.813 2.261 0.013
E 9 1082.1 140.33 2442 2.261 0.040
F 9 2205.2 245.03 5.536 2.261 0.023

Note: A—Course-wise stretch percentage, B—course-wise recovery after 60 sec %, C—course-wise vecovery after
1 hr. %, D—wale-wise stretch percentage, E—wale-wise recovery after 60 sec %, F—wale-wise recovery after
1 hr. %.

Table 3.
One-way ANOVA of stretch and recovery properties of sportswear-knitted fabric structures.
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Table 3 shows the ANOVA statistical analysis results at 5% significance level.
Stretch and elastic recovery properties of the sportswear-knitted fabrics show signifi-
cant difference between them (course-wise stretch (%): F,cqal = 5.432 and wale-wise
stretch (%): Fycryal = 2.813 in comparison with Fyiical = 2.26) at degree of freedom 9.

3.2 Elastic recovery properties
There was significant value change on knit structure and direction in elastic recov-
ery as shown in Figures 6 and 7. The recovery value gap among knitted specimen was

lower at 1 h than at 60 sec. The stretch loops bent and restricted by the external force
loop of stretch take on a form of stability and shape retention in cover time [11-13].
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Elastic recovery 60 sec on knit structure fabric.
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Figure 7.
Elastic vecovery 1 h on knit structure fabric.
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The ANOVA results show in Table 3 that with respect to stretch properties
after 60 sec %, there is a significant difference between the knitted fabric course-
wise recovery after 60 sec %, degree of freedom 9. [F,cya1 = 3.16 > Foyiticar = 2.26
(p < 0.05)]. And for wale-wise recovery after 60 sec %, there is a significant differ-
ence between the structures [Farya1 = 2.44 > Foiical = 2.26 (p < 0.05)].

It was found from Table 3, ANOVA results show that there is a significant
difference between the course-wise recovery after 1 h %, value of knitted
fabrics [Factual = 2.91 > Fejitical = 2.26 (p < 0.05)]. Also, it is noticed that there is
a significant difference in wale-wise recovery after 1 h %, between the knitted
fabrics [Factual = 5.53 > Feritical = 2.26 (p < 0.05)].

4. Conclusion

The followings conclusions are derived from the above experimental work and
given below:

* The elastic and recovery sportswear apparels are basically connected to the
fabric material interface with the body, and these basically depend on how
material stretch and recovery performance apparel structure perform. In
this research study, basically focus should be on for the apparel size, stretch,
elasticity of material properties. Apparel cloths have compression-knitted
properties with different structures such as plain, interlock and rib and have
analysed the correlation with type of materials.

e Itis concluded that the plain structure polyester-spandex blend fabric is pref-
erable than micro-polyester and 100% polyester fabric with respect to stretch
and elastic recovery characteristics due to its quick recovery, which enhances
the power of the performance.

* This chapter proposed an appropriate knit structure and arrangement
approach in consideration of fabric size and stretch properties of high-stretch
knitted fabric and correlation with type of fibre.

* This chapter provides meaningful market data for the effective development of
more diverse garment-related product along with the localization of manufac-
turing for functional and sports garment.



Compression and Recovery Functional Application for the Sportswear Fabric
DOI: http://dx.doi.org/10.5772/intechopen.101316

Author details
Ramratan Guru®™, Rajeev Kumar Varshney2 and Rohit Kumar?

1 Department of Handloom and Textile Technology, Indian Institute of Handloom
Technology, Varanasi, UP, India

2 Department of Textile Engineering, Giani Zail Singh Campus College of
Engineering and Technology, MRSPTU, Bathinda, Punjab, India

*Address all correspondence to: ramratan333@gmail.com

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Elasticity of Materials

References

[1] Senthilkumar M, Anbumani N.
Dynamics of elastic knitted fabrics for

sportswear. Journal of Industrial
Textiles. 2011;41(1):13-24

[2] Rhie J. Fundamental relationship
between extensibility of stretch fabric
and its pressure. Family and
Environment Research. 1992;30(1):1-2

[3] Chakraborty JN, Deora d. Functional
and Interactive Sportswear. Asian
Textile Journal. 2013;22(9):69

[4] Ramratan, Choudhary AK. Thermo-
physiological study of active knitted
sportswear: A critical review. Asian
Textile Journal. 2018;27(7):53

[5] Ramratan, Choudhary AK. Influence
of functional finishes on characteristics

of knitted sportswear fabrics. Asian
Textile Journal. 2018;27(8):43

[6] Yamada T, Matsuo M. Clothing
pressure of knitted fabrics estimated in
relation to tensile load under extension
and recovery processes by simultaneous
measurements. Textile Research Journal.

2009;79(11):1033

[7] Sang JS, Park MJ. Knit structure and
properties of high stretch compression
garments. Textile Science and
Engineering. 2013;50(6):359-365

[8] Lyle D. Performance of Textiles. New
York: Wiley and Sons, Inc.; 1977.
pp- 168-169

[9] Senthilkumar R, Sundaresan S.
Textiles in Sports and Leisure. The Indian
Textile Journal. 2013;123(5):89-95

[10] Ladumor HC, Manish B,

Vaishali DS. Elastic recovery
characteristics of waist band using high
stretch polyester in place of Lycra a
technical review. International Journal

for Scientific Research & Development.
2015;3(4):104-107

10

[11] Kentaro K, Takayuki O. Stretch
properties of weft knitted fabrics.
Journal of the Textile Machinery Society
of Japan. 1996;19(4):112-117

[12] Senthilkumar M, Anbumanl N.
Effect on laundering on dynamic elastic
behavior of cotton and cotton spandex
knitted fabrics. Journal of Textile And
Apparel Technology and Management.
2012;7(4):1-10

[13] Ashayeri E, Alam FMS. Factors
influencing the effectiveness of
compression garments used in sports.
Procedia Engineering. 2010;2(1):
2823-2829

[14] Su CI, Yang HY. Structure and
elasticity of fine electrometric yarns.
Textile Research Journal. 2004;74(12):
1041

[15] Song G. Improving Comfort in
Clothing. Cambridge: Woodhead
Publishing Limited; 2011. p. 114

[16] Shishoo R. Textiles in Sport.
Cambridge, England: Woodhead
Publishing in Textiles; 2005. pp. 1-8

[17] Robert SH, Fletcher HM. Elastic
properties of plain and double-knit
cotton fabrics. Textile Research Journal.
1964,;649

[18] Saricam C. Absorption, wicking
and drying characteristics of
compression garments. Journal of
Engineered Fibres and Fabrics.
2015;10(30):146-154

[19] Manshahia M, Das A. High active
sportswear a critical review. Indian
Journal of Fiber and Textile Research.
2014;39(2):441-449

[20] Morton WE, Hearle JWS. Physical
Properties of Textiles Fibres. England:
The Textile Institute Woodhead
Publishing Limited; 1993



