
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/322967579

Comfort in Sportswear

Article  in  Key Engineering Materials · February 2018

DOI: 10.4028/www.scientific.net/KEM.762.402

CITATIONS

4
READS

4,631

3 authors:

Some of the authors of this publication are also working on these related projects:

Clothing Comfort. View project

Comfort in Clothing View project

Inese Ziemele

Riga Technical University

14 PUBLICATIONS   23 CITATIONS   

SEE PROFILE

Inese Šroma

Riga Technical University

3 PUBLICATIONS   4 CITATIONS   

SEE PROFILE

Annija Kakarāne

1 PUBLICATION   4 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Inese Ziemele on 29 September 2019.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/322967579_Comfort_in_Sportswear?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/322967579_Comfort_in_Sportswear?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Clothing-Comfort-2?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Comfort-in-Clothing?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Inese-Ziemele?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Inese-Ziemele?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Riga_Technical_University?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Inese-Ziemele?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Inese-Sroma?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Inese-Sroma?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Riga_Technical_University?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Inese-Sroma?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Annija-Kakarane?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Annija-Kakarane?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Annija-Kakarane?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Inese-Ziemele?enrichId=rgreq-08324b6371849a1ce1a93aa9d9a05265-XXX&enrichSource=Y292ZXJQYWdlOzMyMjk2NzU3OTtBUzo4MDgzNTM1MDQ2OTAxODJAMTU2OTczNzkwMjYwMw%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Comfort in Sportswear 

Inese Ziemele1, a *, Inese Šroma2, b and Annija Kakarāne3, c  
1Riga Technical University, Faculty of Material Science and Applied Chemistry, Institute of Design 

Technologies, Kipsalas Str.6, Riga, LV-1048, Latvia 

ainese.ziemele@rtu.lv, binese.sroma@edu.rtu.lv, cannijakakarane@inbox.lv 

Keywords: comfort in clothing; physiological comfort; physical comfort; testing of sportswear 

Abstract. The study specifies requirements for the wearer comfort in sportswear. Two essential 

components of comfort are considered – physiological and physical comfort. Comfort level for non-

professional sportswear sets has been determined analysing the physiological comfort, as well as the 

level of physical comfort. The research resulted in development of the scheme for prediction of wearer 

physiological and physical comfort in sportswear. The athlete’s physiological comfort is predicted by 

measuring experimentally the thermal resistance and water vapour resistance of fabrics specimens of a 

non-professional sportswear design sets in laboratory. Physical comfort in a sportswear sets and the 

factors influencing it were determined, first determining the typical movements of an athlete in the tested 

sportswear design sets. 

Introduction 

Sportswear plays an important role in the everyday life of people. When designing or purchasing 

sportswear special attention should be paid to the comfort created by clothing. By providing the wearer, 

physical protection and feeling of comfort clothing can significantly training affect both the professional 

and the non-professional athlete’s performance during competition or training. People’s need to buy 

sportswear can be divided into three groups: first, to actively participate in some sporting activities, 

second – to wear sports clothing as a fashion product and third, to wear them in their leisure time and 

feel comfortable [1]. Modern sportswear is often designed to satisfy the needs of all three groups – be 

appropriate and support the wearer during the sporting activities, while being fashionable and usable in 

other leisure time activities. Such a consumer needs complex is a big challenge for sportswear designers. 

It is also difficult and ambiguous to predict the wearer’s comfort in the new design, which is both time 

consuming and resource-intensive. The conducted research is devoted to predicting human comfort in 

the most common universal clothing for general non-professional sporting activities (physical activities 

– jogging, aerobics, walking, gymnastics, etc.) in moderate thermal environments (ISO 7730) [2].  

Providing the Athlete’s Comfort  

Based on the level of athletic exercise and the athlete’s physiology, the physical effort level for each 

athlete is different. Consequently, the physiological comfort will depend on the above factors [1]. Fig. 1 

shows the interaction between physical and physiological factors that affect the physical and 

physiological comfort of a person. It shows how an individual’s opinion about what is comfortable 

clothing is formed [3].Physical processes result in various irritations (heat, cold, touch, sting, pressure, 

humidity, etc.) that a person perceives with his/her senses. Part of the comfort sense is also influenced 

by the psychological perception of a person attributed to the set of clothing, the environment, the social 

status, the culture in which he/she finds himself, etc. The comfort in sportswear, while performing 

workouts of a particular sporting activity, especially for women, is influenced by the physical condition,  

body size and body mass index of a person [3]. To provide the psycho-physiological comfort throughout 

training, the chosen fabrics for sportswear, especially for professional sports clothing, should be 



 

 

 

Fig. 1. Psycho-physiological and physical factors influencing the wearer comfort [3] 

fast-drying  and with good thermal and moisture vapour transmission properties or the fabrics and their 

layers should be “breathable”. “Breathability” is expressed in terms of Resistance to Evaporative Heat 

Transfer – RET. The lower the resistance of fabric to the evaporative heat transfer the higher its 

“breathability”. “Breathability” can also be expressed in terms of moisture vapour transfer rate. This is 

the level at which the fabric allows the water vapour (grams) penetrate the fabric (1 m2) within 24 

hours[1]. If the RET value is up to 60, the fabric has a very high breathability or the resistance of the 

fabrics or their layers to evaporative heat transfer / permeability is very low and the clothing wearer’s 

sense of physiological comfort will be very good [1]. The water vapour permeability index imt is also 

important for ensuring physiological comfort and is calculated in accordance with the standard ISO 

11092 [4]. The index imt is a dimensionless quantity with a value from 0 to 1, where value 0 means that 

the fabric is water vapour impermeable, i.e., it has infinite water vapour resistance. A fabric with imt value 

of 1 has both thermal resistance and water vapour resistance in an air layer of the same thickness 

[4].Sportswear should provide optimal underclothing microclimate (temperature 30-32 ˚C, RH 35-60 %) 

[5]. This requirement applies more particularly to the garments worn next to the skin, for example, 

undershirts, shorts, lingerie, thermal underwear, socks, etc. 

A good clothing design and types of treatment should not interfere with, hinder or limit the body 

movements during sporting activities for which it is intended, thus taking into account the range and 

intensity of the movements expected. When it comes to the first garment layer, the base layer must “copy” 

the body surface and the term “body mapping” is used in the literature. Body mapping is the most 

commonly used technology of clothing design for sportswear. Applying body mapping, clothing is 

designed so that the layout of regions in the sportswear matches body activity requirements. According 

to the human body mapping technology, the regions that generate most sweat in the front are the central 

rib cage and the shoulder area followed by legs and arms. Whereas, on human back, the sweat is mostly 

produced in the regions of shoulder blades, under the shoulder blades, on shoulders and upper arms [1]. 

Materials and Methods 

Thermal resistance Rct, m
2·K·W-1, and water vapour resistance Ret, Pa·m2·W-1, of fabric or fabrics 

layers of sportswear sets were determined using the Permetest Sensora instrument in accordance with the 

standard ISO 11092 [4] (see Table 1 and Table 2). The physical comfort was assessed executing 

maximum movements of a dressed body in upright and sitting positions, as well as performing the sports 

clothes wear test during running. The wear test was carried out indoors on the treadmill Velleman® 

Environment Meter DVM401, where a dressed athlete in sportswear set No. 1 (predicted thermal 
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insulation of the clothing 0.0314 m2·K·W-1, Table 2.) was running for 30 minutes at a constant speed 

of 10 km·h-1. The room temperature was 20 oC and the relative humidity was 44.7 %. The athlete’s 

metabolic rate in accordance with the standard ISO 8996 was 260 W·m-2 – very high physical load [6]. 

Table 1 

Characteristics of the fabrics for non-professional sportswear sets  

No. 
Layer of sportswear sets 

(abbreviation) 
Fabric article, producer Fabric composition 

Fabric mass per 

unit area [g·m-2] 

1. Jacket self-fabric (JS) 
GIOVE PER 

STAMPA, CARVICO 

86 % polyester, 14 % 

elastane 
115 ± 5,75 

2. 
Jacket contrast fabric for 

side parts (JC) 

K-190,  

Janmar Sport 

82 % polyester, 18 % 

elastane 
200 

3. Pockets lining (PL)  
S-061/160,  

Janmar Sport 
100 % polyester 160 

4. T-shirt fabric, one (T1) 
F-02C,  

Janmar Sport 

100 % polyester 

(Coolmax) 
135 

5. T-shirt fabric, two (T2) 
No 9125,  

PIAVE MAITEX SPA 

82 % polyamide, 18 % 

elastane 
190 ± 10 

6. Trousers fabric (TR) 
MITITECH®POWER  

MITI SpA 

73 % polyamide, 27 % 

elastane 
190 

Comfort Prediction Scheme 

The consumer’s physiological and physical comfort in sportswear prediction scheme has been 

developed in accordance with duly reasoned human comfort assessment methods and ergonomics 

standards for human activity in moderate thermal environments (see Fig. 2). The assessment of the 

sportswear style begins with the specification of the kind of sport and the analysis of the body covering 

with sports clothes layers. 

Fig. 2. Prediction scheme of consumer’s comfort in sportswear  
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The determination of physical, mechanical properties of fabrics and their layers in accordance with 

standardized methods are doing. After this, the assessment of physiological comfort of human at different 

levels of physical load by applying the requirements of the ergonomics standard can reach the result. 

Athlete’s physical comfort is evaluating by examining the clothing sample in sport-specific body 

movements. 

Results and Discussions 

Sportswear sets was tested and assessed experimentally in accordance with the developed schema for 

prediction wearer’s physiological and physical comfort in sportswear (Fig. 2). As a result of the 

experiments certain aspects of thermo-physiological comfort that are important for the athlete, i.e., excess 

body heat and moisture transfer level and air permeability were determined, as well as the physical 

comfort aspect was assessed by recording the suitability of sportswear style for the body during the 

sporting activity. Measurements of  temperature  and relative   humidity changes   under  the sportswear 

Table 2 

Body covering areas with fabrics of sportswear and the fabrics layers properties 

Sports-

wear set 

Fabric or fabrics layers of sportswear set 

Colour and 

abbreviation 

Body 

covering 

area [%] 

Per-

centage 

of set 

area [%] 

Thermal 

resistance 

Rct 

[m2·K·W-1] 

Total 

thermal 

insulation 

IT [clo] 

 Water 

vapour 

resistance 

Ret 

 [m2·Pa·W-1] 

Water 

vapour 

permeability 

index imt 

 
 

 JS 11.0 12.64 0.0390* 0.2516 10.3960 -* 

 T1+JS or T2+JS 23.0 26.44 
0.0021 (T1) 0.0135 13.0947 0.0096 

0.0037 (T2) 0.0242 15.6400 0.0144 

 T1+JS or T2+JS 8.0 9.20 
0.0015 (T1) 0.0098 2.0853 0.0437 

0.0011 (T2) 0.0073 3.0973 0.0219 

 TR+T1+PL+JC or 

TR+T2+PL+JC  

(front, under waist) 

6.0 6.90 
0.0399 (T1) 0.2574 22.7240 0.1053 

0.0441 (T2) 0.2845 28.6427 0.0924 

 TR+ T1+JS or 

TR +T2+JS 

(back, under waist) 

9.0 10.34 

0.0129 (T1) 0.0832 21.7733 0.0355 

0.0171 (T2) 0.1101 22.4480 
0.0456 

 

 TR 30.0 34.48 0.0310* 0.0007 1.8093 0.0037 

Set No. 1                                Total 87.0 100.0  

Predictable thermal insulation (weighted average) Icl [m2·K·W-1]: 0.0204 (T1) and 0.0215 (T2). 

Predictable total thermal insulation (with socks and shoes 0.006*, panties and bra 0.005*) Icl [m2·K·W1]: 0.0314 (T1) 

and 0.0325 (T2). 

 

 T1 or T2 30.0 38.46 
0.0140* (T1) 0.0903 0.8587 - 

0.0140* (T2) 0.0903 1.7787 - 

 TR+T1 or TR+T2 15.0 19.23 
0.0008 (T1) 0.0050 2.8520 0.0164 

0.0020 (T2) 0.0130 3.6800 0.0328 

 TR 33.0 42.31 0.0310* 0.0007 1.8093 0.0037 

Set No. 2                                Total 78.0 100.0  

Predictable thermal insulation (weighted average) Icl, [m2·K·W-1]: 0.0187 (T1) and 0.0189 (T2).   

Predictable total thermal insulation (with socks and shoes 0,006*, panties and bra 0.005*) Icl, [m2·K·W-1]:   

0.0297 (T1) and 0.0299 (T2).  

* ISO 7730 data were used as the measuring equipment does not record low values 



during the wear test were performed at the body front top chest part and at the back, at the level of the 

shoulder blades every 5 minutes. It was concluded that from thermal resistance values of the fabrics and 

their layers that the athlete should have been cold in the test room, however during the test the athlete 

did not feel cold in the sportswear set No.2. Under conditions of heavy load the clothes cooled the body 

that enhanced the sense of comfort. This can be explained by the composition of the T-shirt fabric 

one (T1) (see Table 1.) containing Coolmax® fibres. Although water vapour resistance of the clothing 

layers is low (RET<60) and the clothing is “breathable”, nevertheless it shall be also concluded that the 

inconsistency between thermal and water vapour resistance, which results in low water vapour 

permeability index imt, predicts the performance of actual clothing layers more accurately. The excess 

body moisture remained on the athlete’s body; it did not absorb and evaporate fast enough. 

The assessment of the physiological comfort level in wear test according with the standard 

ISO 7730 [2] is low.  The predicted mean vote index PMV is “+2ˮ. That is mean, as 70 % of wearers 

will feel increased heat. The situation improves T-shirt’s design with an open, loose bottom part, which 

ensures additional ventilation of the underclothing and transfer of excess moisture. The wearer will feel 

comfortable in the tested sportswear style, when doing various types of general physical exercises at the 

metabolic rate of approximately 165-230 W·m-2 in moderate thermal environment of +20 °C to 24 °C for 

set No. 1 and +22 °C to 26 °C for set No. 2 (RH 50 %, relative air velocity 1 m·s-1). 

Summary 

The consumer’s physical and physiological comfort in sportswear prediction scheme has been 

developed using results obtained during the analytical study of literature, based on requirements and 

guidelines of standards [2, 5, 7, etc.] and the expected athlete’s physical exercise. It has been tested and 

improved conducting the experimental research of sportswear style fabrics and design, predicting and 

actually testing the athlete’s physiological and physical comfort in sportswear style in moderate thermal 

environment. The determined RET values of the fabrics water vapour resistance indicated a good sense 

of comfort as the fabrics have good vapour permeability. However, when creating the sports clothes 

design the low values of the water vapour permeability index imt shall be taken into account, which signal 

about the accumulation of water vapour in the form of sweat under the garment. This can be eliminated 

using additional ventilation openings in the clothes design. The developed sportswear assessment scheme 

can be applied in designing sportswear. 
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